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Ji I ,COllaboration: The Very Essence of the IGBP 
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ol1aboration li e::; at the hea rt o f rhe 

IGBr, whethe r it is between individual 
scientists, research groups, institutes or 
nations. fi y combining skills and resourc­
es, the lGBP sum can be made greater 
[han its component pa rt.s a t a ll levels uf its 

activity. However, human collaborations 
are nocoriolls ly slIsceptible to problems 
and these can result in red uced overall 
performance or even serious disruption. 
Gi ven rhe spe c ial diffi cu lt ies faced by a 

highly multidisc iplinary, internat ional pro­
gram me slIch as the ICI3P, panicul arly as 
a res ult nf its overla y of scie n t ifi c and socia l 

differences in both culture and language, 
rhe ba.sic ground rule.s of good collabora ­
tive practicc arc worth closc consideration, 

(i) Complementarity and Capac ity: Col­
laboration .s a rc usuall y only fruitful if 
the groups or individuals involved draw on 
a genuine wlllplemeJltarity of shlls and 

expel'ie!lce, an d if they havc the n?JO/ln:e.\' to 
conrribme. O therwise, it is almost always 
eas ie r and more effecti ve (0 carry om the 
work alonc, 

(ii) Balance: The collabora to rs should 
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have approximately equal leve ls ofscienlij­
ic i1llere.\'1 in thc joint activity. Tt should also 
be similar in term.s of prioril)' within the 
pare nt organ isa tions invo lved, and in te rms 
of beJlefit re them, Vlithout such halance , 
there is a danger that the degree of COlll­

mitmcnt will prove unequal, especially 
under pressure of events and othcr tasks, 
rcsu lti ng in a parti al or complete defaul t on 
the part of the colla borators with the leas t 
at stake. 

(ii i) Compatibility: Compatibility is re­
quire d in sciel!tijic stalldards, scielllific and 
techll iUII ski/!I, and gelleral worhllg practices, 
Any differences in 3ttitu(\cs towards aspects 
of sl'ielltijil' ,.igolfl~ r/oClllllellt{lfiol! sltllldards, 
reponing aJl(I COllllJlllllicatioll.\', or the jJreseJl­
tation of res lilts can result in difficulties, Tech­
J/ilit! compatibility (for exa mple, the use of 
cOl11patible experimenralequipme ntor\vord 
processors) is also high Iy des irable and Sh Oll Id 
hc soughtacti vcly at the oll tset, 

(iv) Communication: Effectivecoml11u­
n ication is crucial. 1 'hus attention IllUSt be 
paid re both Itlllgltage and terminology, as 
well as to the tec/tni({llmcall.\ of communi-
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cation ( <ti l"'§I~d<Bit..lJW~\~ h'*;;c re\ 0-

luti onised this aspect), and to timillfda 12 
hour diffcrenee in timc zones ca n prescrH 
significant difficulties), 

(v) T nterfaces: Th ese should be as deal! 
alld simple as poss ible , whc thcr techllicol or 

orgallisational. Single points of contacts h ou l d 
he ide ntificd for each kcy <:Irca of interac­
cion, 

(v i) Tntegrity and Trust: It is essential 
that al l invol vcd respect ;:lnd trust thc iNteg­
rity and oehavioltl'o f those \Vi th who III they 
arc collaborating. This cxtcnds bcyond 
the inte ractions within the consorti ulll to 

interact ions with otherjJ(lJ1ie.I', since these 
can affect the reputa tions of consort illm 
membe rs by assoc iation, and can affect 
acti vities unconnected wieh the collabora­
tion, 

(vii ) Commitment (Hero / H eroine): 
The ex iste nce of a StlVlIg(JI l'(ulIl1Jitled lead 
illdividual with in c,Jch of the collaborat ing 
groups has a powerful influence o n the 
likeli hood of Sllccess, 

(v iii ) Rulesand Agreements: Prior to che 
sta rt ofrh e activ ity, it is pruLlcnrtoagn?eonrl 
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write dowlI the basis of the collaboration. 
' l 'hedocumellt can be very brief, but should 
address the goa!\' mulobjectives of the work, 
the respo1Jsibilities of tnose i/lvolved, the ;11-
temal aJld extcmol deliverables (in terms of 
form and content) thescherlllle including any 
mile.I,toJ/es, the scieJltific, techllical, OJlrl orgaN­
isatiollal illte/faces, rules regardi ng thepllbli­
ulfioJl/preseJltatioll/alllhol'Jhip of resul [s, and 
the form of ackllowledgemellt to be used. 
Also,grolllldl'lllesaJldpmcedllJ'c.\· in the event 
of di fficulties or dispute should be agreed 
and recorded. 

Global Analysis, Interpetation and 
Modelling 

Circumstances will dictate the extent to 

wh ich it is necessary or poss ible tofollowall 
these guidelines, and the degreeofforma li ty 
involved, but past experience providesam­
pleev ide nccoftheirvalue. A high degree of 
col laborative success wi ll not on Iy contrib­
ute directl y to che scien tific productivity of 
the IGBP, but also to the level ofsatisfaction 
gained by those who participate. 

ivlea Cu lpa: In the editorial " Beyond the 
Endless frontier" in NewsLerter#22 the 
publication date of Vannevar Bush's re ­
porrwClsgil!en as l Y47mrherthan l Y45. ln 
addition, I om itted to acknowledge Tom 
IVlalone's sumlllary of the Bush report given 
in "Sustainab le Human Development: A 
Paradigm for the 2 1st Century" a \"'hite 
Paper for the US Nmional Association of 
State Uni ve rsities and Land-Grant Col­
lege, (1994). 

Those who wish to read Vannevar Bush 's origi­
nal paper should access 
http://snorri.chem.washington.edu/ysnar­
chive/articles2IVBush 1945.html 
on the World Wide Web, or simply search the 
Web for "Science the Endless Frontier" 

Current Modelling 

Experiments -----
Glo/;al A1lalysis, Tllferpretatioll ami illod­
eI/iug (GAlA! ) is the over-archillg activity 
0/ the IGBP which aims to lill1: the data 
ONlPllt of dfIJerent com/JO'llent.f ofEmth sys­
tem researclt ;!lto a holistic piclllre. Three 
mode/ljng tash address the cOJJtempoIYII)' 
era, the /ossil/llel era, {l1/{/ the p(t/aco era. 

The Contemporary Era 

The Coupled Atmosphel'e-Land-Ocean 
Carbon System for the Period 1980-2000 

Thiscxperimenc is designed initially for the 
rargccperiod 19S()-1990, parnllelingrhe rime 
period under consideration by the Atmos­
phe ri c Model Tntercolllparison Project 
(Alvll P). As new data sets become availab le 
th is target period wi ll be extended, evenrtJ ­
ally span n ing the 20 year time frame 1980-
2000. Th is experiment will se rve as a pilot 
project which may serve also as framework 
toeva lua te models of other biogeochem ical 
cycles besides ca rbon. The experimental 
approach employs a description of the phys­
ical-t:li mate system, carbon cycle model 
components, and va lidation data sets. 

Since the experiment is des igned to be 
va lidated aga inst synoptic observations, 

---- the most real istic mete­
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Chris Rap!ey, Executive Directo r , IGBP, and Armando 
Rabuffetti, Executive Director, IAI, at the IAI workshop in 
Belem (Brazil) . The Workshop addressed the IAI's science 
agenda, and topics such as collaboration with the three 
international global change programmes. 

orology and oceanic cir­
culation dtl ri ng the simu­
lation period is needed. 
For the atmosphere, the 
stored output fields of 
atmosphcric model inter­
comparison sim ul at ion 
runs are being used in a 
first phase. In a second 
phase the data from the 
re-analys is project cur­
remly planned at the Eu­
ropean Centre fo r .Medi­
lIm Ran ge vVeather 
F orecast and the Nation­
al Meteorological Centre 
wi ll be used. In orde r to 

obtain the time-depend­
ent oceanic circula tion, 
the Ocean Carbon Cycle 
Mode l is being d ri ven by 
observed sea su rface (elTI-

peratures and surface buoyancy f1uxes. 
T n the first stage of implementation, 

the terrestrial biogeochemical model and 
the ocean carbon cycle mode l are bei ng 
run to equi lib rium with prescribed atmos­
pheric CO? concentra tion an d a constant 
climatology, assumed to represent pre-i n­
dustrial conditiclIls. 

In the second stage both models (ter­
restrial and ocean) wil! hc runc,lch through 
the industria l period up to the en d of the 
year 1975, forced with prescribed: 
• globally averaged atmospheric CO

2 
con­

centration, 

• globally averaged atmospheric LlC/12C 
isotope ratio, 

• globally averagcd atmospheric UC/12C 
isotope ratio, and 

• anthropogenic lan el -use change scenar­
IO. 

r n this stage, either a constantclimate or 
a c1irn.ltc scena rio as developed with in the 
Fossil Fuel E ra project, "Cha nges in rl 'erres­
trial Carbon Storage", wil l be prescribed. 

In the th ird stage the th ree-dimensional 
atmospheric transport model wi ll be cou­
pled to the terrestria l hiogeochemical an cl 
the ocean carbon cyclc models. The atlnos­
pheric transport model is initia lised with 
uniform conce nt rat ion and isotope fiel ds 
representing glob<lHy averaged conditions 
for January 1976. The three coupled carhon 
models are run through the four years 1976-
1979 and then through the target period 
1980-1990. 'fh issragealso requires the spec­
ification of the spatia-temporal distribution 
oftheCOzemissions, both from fossi l fuels 
and from land-usc and land-use change. 

Dynamics ofthc Coupling bet\'vcen the 
Hydrological Cycle, Carbon Cycle, and 
Teneso;a1Biomes 

Onc of the expccted consequences of cli­
mate change from increasing greenhollse 
gases over the next century wi ll be chang­
es in dis tri bution of biomes and rates of 
carbon pool cycling. These changes will in 
turn mod ify the climate changes. Present 
model simulations of climate change from 
greenhouse warming assume presc..:ribed 
d istributions of biomcs and non-interac­
tive scenarios for changing atmospheric 
carbon dioxide. Two-way coupling be­
[ween clim(l[e changeon rheone hand and 



he effects of biome distrihution and car­
XlO fluxes, on the other hand, will eventu­
lily be tackled. 

The role of terrestrial ecosystems in 
110difying regional climate, soils, and nu­
:rient exchanges is acknowledged but not 
~Iuantified. At regional scales, vegetation 
.:;xerts a feedback with the climate of the 
planetary boundary layer, changing hu­
midity, temperature, momentum transfer, 
J.nd CO! concentrations. This GAHvJ 
project complements the Project for Inter­
;.;omparison of Land~surface Schemes in 
:::onjunction with vVorld Climate Research 
Programme, and builds upon other inter­
:::omparisons such as the SCOPE (Scientif­
ic Committee on Problems of the Environ­
ment) project on forest succession models. 

In sum, the purpose of this experiment 
is to understand better the relationships 
between climate and terrestrial ecosys­
:ems by focusing upon changes (natural 
md human~imposed) to terrestrial ecosys­
:ems and their feedback to regional di­
nate. 

'I'he project is being conducted in three 
)hascs: 

sensitivity of regional climates to pre­
scribed ecosystem changes; 

sensitivity of ecosystem modds to im­
posed regional climate excursions; 

sensitivity of coupled ecosystem and 
climare models to imposed disturlxmc­
es (e.g. trace gas increases, land-use 
change). 

'f'he First Phase, sensitivity of regional 
..:lin1ates to terrestrial ecosystem changes, 
.:;omprises a detailed analysis and interpre­
tation project in which groups who have 
:orwill soon have) conducted similar land~ 
use change experiments will inter-com­
pare experiments and results. The aim is 
to identify common sensitivities and in­
crease understanding of the sensitivity of 
regional climates to terrestrial ecosystem 
changes. 

In Phase Two, sensitivity of ecosys~ 
tems to imposed regional climate excur­
sions, advantage will be taken of the fact 
[hat the complex land-surface schemes 
which are being incorporated into general 
::irculation models are now beginning to 
include biogeoehemical dynamics as well 
as predictive components relating to shifts 
in the distribution of terrestrial ecosys­
tems. In this Phase, a hierarchical series of 
intercomparisons will be undertaken. 
fhese will begin with a community-wide 
intercomparison of ecosystem changes in 
response to different initialisation ass lImp­
tions and different imposed meteorology. 

Phase Three, sensitivity of combined 
~cosystem and climate models to imposed 
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disturbances, cannot be successfully com­
pleted until there is agreement from Phas­
esOneand'l'wo. Theplanistoobtain oneor 
more pairs ofclimate and ecosystem models 
\-vhich together provide a representative 
range of sensitivities. The experiment(s) 
must depend upon the availability ofade­
quately resolved parameterisations and in­
put and evaluation data. One possibility is to 

use the observational data to be provided by 
the Large scale Biosphere experiment in 
Amazonia, one ofthe primary activities of 
the IGBP Core Project fiiosphcricAspects 
of the Hydrological Cycle for the near fu­
ture, orthe basin-scale experiments ofGlo­
bal Energy and Water Experiment in the 
WeRP. 

The Fossil Fuel Era 

Terrestrial Carbon Storage 

The broad objective of this project is to de­
velop more realistic, generalised ecosystem 
element cycli ng models for analysing global 
responses over decades and centuries and to 
gain more consistent understandingofpast 
changes in atmosphericCO

J 
concentration 

and the carbon cycle. Thro-ugh a series of 
model sensitivity tests and comparisons, th is 
activi ty seeks to improve our understanding 
of terrestrial ecosystem contriblltions to fos­
sil fuel era increases in atmospheric CO

2 

concentration. 
Thus far, analyses of past changes in 

terrestrial carbon storage have relied on 
models with simplistic representations of 
ecosystem carbon dynamics. Some studies 
have used purely empirical representa­
tions of terrestrial exchanges \vith the at­
mosphere. This was largely because more 
dewilcd and realistic ecosystem models 
were specific to certain sites where they 
were developed or, at best, to limited are­
as. There are no\v, however, a numher of 
more mechanistic terrestrial element cy­
cling models that seek wide applicability 
and need to be Llsed in global carbon cycle 
studies. This activity will analyse the car­
bon cycling response characteristics of se­
lected ecosystem models within a com­
mon framework of calibration data, 
land-use forcing functions, climate histo­
ries, and atmospheric CO

2 
increase. 

The Palaeo Era 

Climate-Vegetation Interactions: 
A 6000 Year BP Experiment 

A key issue is the extent to which vegeta~ 
tion distribution modifies itself through 
feed backs to climate, through mechanisms 
SllCh as increased evapotranspiration lead­
ing to increased precipitation inland. In­
vestigation of this issue requires atmos-

pheric and vegetation model COupling. A 
coupled model, run to equilibrium, should 
naturally be able to reproduce presentveg­
etation patterns (assuming that the vege­
tation is at equilibrium). A more stringent 
test is whether such~! model can also repro­
duce vegetation patterns at a time when 
the atmospheric circulation was substan­
tially different. 

Data from the millennillm around 6,000 
yr. RP provide an opportunity to "observe" 
the equilibrium state qfthe coupled vege­
ration-atmosphere system at a time when 
orbital changes, affecting the seasonal and 
zonal distribution of insolation, caused a 
substantially different global pattern of 
temperature and precipitation than present. 
In many subtropical regions the climate at 
6,000 yr. BP was even more different from 
the climate at 18,000 yr. BP because ofthe 
major expansion of northern-hemisphere 
summer monsoons, which brought mois­
ture to areas sllch as the Sahara that are 
extremely dry today. 

Data from the past vegetation for 6,000 
yr. RP (mainly inferred from pollen records) 
can be used to check the performance of 
climate models forced by a different orbit­
al configuration. It has already been ob­
served that the degree of monsoon expan­
sion simulated by atmospheric genenll 
circulation models is not enough to ex­
plain the near-disappearance of the Sahara 
desert a( 6,000 yr. BP as shown in the 
palaeovegetarion record unless the land­
surface conditions are also changed to be 
consistent with the palaeovegetation 
record. In this light, a purpose of this ex­
periment is to use the palaeovegctation 
record as a means of testing the equilibri­
Llm performance of a coupled climate-hi­
ome model. Note that the aim of the ex~ 
periment is not to seck a direct analogue 
for global warming, but rather to test the 
linked models tinder a climatic regime 
substantially different from present. 

(Text from the AlIIllW/ RejJOIt of the GAlili 
Task F(}I't'e) 

Berrien Moore III (Chair, GAIM Task Force) 
Dork Sahagian, Executive Director 
Global Ana(ysis, Interpretation and Modellfng 
Institute for the Study of Earth 
Oceans and Space (EOS) 
Morse Hall, 39 College Road 
UnIversity of New Hampshire 
Durham, NH 03824-3524, USA 
Te/: (+1-603) 8621766 
Fax: (+1-603) 862 1915; 862 0185 
E~mail: b.moore@unh.edu; gaim@unh.edu 
E~maif: sahagian@unh.edu; gaim@unh.edu 
Web: http://gaim.unh.edu{csrdgaim 
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Where does N 20 Come From? 
An Aspect ofBATGE Research 

Biosphere -Atmosphere Trace Gas Exchange in the Tropics: 

Influence of Land-Use Change 

An activity of the International Global Atmospheric Chemistry Proiect (IGAC) 

A Science Feature of IGAC contributed by 
Michael Keller 
United States Department of Agriculture 
Forest Service, Rio Perdras, Puerto Rico 

I n many ways, nitrous oxiJe (N10) is fI 

forgotten greenho use gas. lts rate of in­
crease, 0.3% per yea r during the 1980's, 
does nO( sound terribly shocking. Its sourc­
es arc poorly known and rhe prospects for 
"i nstant gracific<Hion" foll owi ng possib le 
con trol:'> of N ,0 cmissionsmc small because 
of its 150 yea-r atmospheric lifer i mc. F rom 
another vantage, the Inngatl110sphcric life­
time ofN lO gives each additional molecule 
emitted to the atmosphere a la rge globa l 
\\fa nning potential. '1 'he effects of incrcas­
ingconcentrations of atmospheric N lO will 
be wit h us for a long time . 

Our ignorance ofN /) sources and sinks 
is troub ling. ' rheclIrrent budget isseriously 
llnbala nced . So urces (14 Tg-N/yr) exceed 
sinks(lOTg-N/yr) by40%. Data from polar 
ice cores show tha t N la concen [rations in 
the pre-indu st ria l a tmosphere hovered 
arollnd 280 ppb. ' roday the concentration 
exceeds ~ 10 prb. \\The re does the excess 
con tribution to thcN/) budgc t comc from ? 

l1ased on numerous measurements, \vcknO\v 
that fossil fu el combllstion cannot be a ma­
jor source. Othcr indust ri al processes SllCh 
as the manufacwre of adi pic acid (for nylon) 
and nitric acid contribure perhaps one eighth 
orehe imbalance. 

f .. ooki ng to the natu raJ biological sou rc­
csofN ,0 gives us strong hints abo ut whe re 
to tind the pe rrurbedsources. N/) isformcd 
by microb ial processes. f or soil processes 
which produce about two thirds ofthc. natu­
ral N 20 , dle "TIo le-T n-the-Pipe" conceptu­
al model (F igure 1) relates the [Ot<lJ amoun t 
ofN 20 re leased through "leaks" in rhe pipe 
directly to the overall "flow" ofN through 
the pi pe. '1 'he s ize of the leaks may he CO ll­

Hol led by a nIl III bel' of soi I properties, chief 
among thcm so il moisture cOlHe lH. From 
our understandingofrerrcstrial ecology, we 
know that mos t temperate ecoystems are 
nitrogen pOOL 1 n contrast many natura l trop­
ica l ecosys te ms are ni crogen rich. And re­
cent budgets sugges t thatwh ile lInmanaged 
cemperate and boreal ecosys tems produce 
<lbou t 1.2 T g N

2
0 -N ann ually, lInmanaged 

rropical ccosystems prod ll ce4 ti mes as much: 
4.STga nnu al1 y. 

\\lha t IUlppcns whe n these ecosystems 
are disturbed? Disrurb<lllce of temperate 

NO: N20 

) 
I '\ c ~ I \ '\ 

ecosystems generally does not lead to la rge 
re leasesofN,O because nitrogen is in sllOrt 
sup p ly. Tn contrast, la rge N,O e missions 
have been observed following natural (c.g. , 
hurri ca nes) and anthropoge nic disturbane­
esoftropi e,JI foresL fi gure 2sho\Vsfimli ngs 
from a studyofN / ) release from a scq L1enee 
of pastures re pr~senti ng varioll s ti mes tol­
lowingdeforcs tation. Because forcst to pas­
ture conversion is a dominant land-use in 
tropical America, this e ffect may account for 
a tenth of the annual globa l imbalance of 
N,O. 

\~l hilc forest dis rurbance is important, 
we need to look for higher 110ws in ourplumb­
ing if wc are goi ng [() find a big e nough leak . 
Big tlows of nirrogen can be found wherever 
fa rmers are applying ni rrogen fertilizer [0 

fields and a lso where domes tic an imals are 
k.ind ly reru rn ing mueh of what [hey take in. 
T he annual IIse of nitrogen fe rt ili ze r, about 
80 T g-N, is now greater than natu ral bio­
logica l nit roge n fixation. Tt has been known 
for two dec<ldcs that ferti li ze r use increascs 
N,O emiss ions from farm soils. Fertil izer 
lJ S~ in the developed world appears (() ha ve 
rcached a plateau. I n contrast, in the devel­
opi ng world (a nearsynonYlll for the tropical 
world), fertilizer use nearl y dou bled during 

NO: N20 

~ 
C) I 

NH4+ ..... I nitrification NO -
3 -- dentrification l--- N2 

4 

\ J \ ) ) -\ \ 

Figure', The "Hole-in-the~Pipe" conceptual model indicates the flows of inorganic nitl"Ogen through the microbial processes of nitrification 
and denitrification. Nitrogen oxides escape through "leaks" in the pipe. (Adapted from Firestone and Davidson, 1989) 



the 198{ ), s. l\ Iorcover, we have indications 
that the same amount of nitrogen fcrci lizer 
yie lds more I ,0 unde r tropic~1 1 conditions 
than unde r ten; pe ratcconditions. 

Is the world faced with agonizing deci­
sions pitti ng food production against at­
ll1ospherieeomposirion change? NO[ neces­
saril y. Throu g h impro ve d fertili ze r 
managc ll"'ICnt, we rr"l<ly he able to re-aclju":)t 
the nirrogen plumbing with rhe help of 
planes. 'vVe need to design agronomic sys­
te ms for [he Cf(lpics that reduce the nitrogen 
flow through the pipe bydirccting lTlore fer­
tili ze r to [he crops Hnd less to the microbes 
that make N ,0. Resu lts from swdies of 
sugar cane in -Hawai i and wheat in "lVlexico 

suggest th<lt careful fercil izer management 
can signific,lIl tl y lim it e missions of N/) 
while atthc. same lill1cclItting fertilizer costs 
and inc reas ing crop yie lds. Reduced N10 
emiss ion:; CO the ;:Itlllosphc re may someday 
be the resu Itofrichcr harvests by farmcrs in 
the t ropics 

Michael Keller, IGAC BATGE (Co-Conven­
er) Institute O(Tropkol Forestry, USFS, Call Box 
25000, Rio P;edros 00928-2500, Puerto Rico. 
Tel: (+ 1.809) 7665335, Fax: (+1 -809) 766 
6302, E-moi/:3950184@mcimail.com 
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Figure 2. Emissions of nitrous oxide from soils along a chronosequence following the con· 
version of forest (0 years) [0 pasture through secondary succession In the Atlantic Low­
lands of Costa Rica. (Adapted from Keller and Reiners. 1994). 

UpdateonACEED 

T he Goal of lGAC's AtlYIOSphcric 
Ch e mistry and Environmcnral EULlcation 
in Global C hange is to coordinarccduca6on 
~1C[i v i r.ics a ime d at p romo ring understa nd_ 
ing of g lobal ch'lnge j 11 tilechcmist fY of thc 
atmosphere, and its re lat ionsh i p [0 rhe hio­
sph e re, gcosphere ~ll1d to anrhropogcllic ac­
tivities, internationally, both in thc develop­
i ng ,lnd developed countries and CO LI ntries 
in all climate regions. (see Global r:hallge 
NemwLefter No. 20, Oecelllber 19<)4, pp. 7-
8; 19) 

'To promote educmion anti trai ni ng in 
thi s fi e ld , sc ientists in IGAC and rhe \Vo rld 
j~deteorol()gic<l l Organisation 's Global At­
mosphere \ V,Hch (\ Vl\ IO/GA\v) ,lgrecd to 

join forces wirh those in START to L1 esign 
and c.xecutc ::\1) integrated approach to "ac­
ademic c;'lpaciry bu ilding" in developing 
cOl ll1 uies. The mechani sm in vo lves rhces­
tabli sh menr ora pool ofv()lunrary lecturcrs 
recru itcd from thc in ternation al scientitic 
com munity tot:,IITYOllt th e edu C<Jtionalmis­
SIOI1. 

Through rhe coordination of lGAC, 
START, WMO/GA IV an d [h e In[Cf­
Americ,]Jl r nstiw tc for Glolwl Clwnge Rc­
se·a rch (lA.! ), <I pl<1 n to des ign <.md jointly 
i 111 plemcnr,l cllpac ity building programme 
for atmospheric che mistry in develop ing 
cOllntrics has already begun with a series of 
workshops. 

The goa l is to provi de <In integratcd ap­
p roach co academ iec<lpac icy building in ,1(­

Illosphe ri c <lnd en vironme ntal chemis(fY in 
cooperat ion \virll multinational research/ 
monitoring/assessment programmcs with 
the panicipatinn of the fnte rnarional Vol­
ulltcc rTeaching Corps of sc icntists. If Y01 I 

wish to become a vo lun tee r te<1c he r, please 
contaet: 

Eugene W . Bierly, Director, Education and 
Reseorch, AGU, 2000 Florida Ave. NW, 
Washington DC, USA, Fax. (+ 1.202) 328 0566, 
E-mail: ebierly@kosmos.agu.org. 

Recommendations (or 
Atmospheric Chemistry Units 

The Inte rnationa l Union of Pure and Ap­
plied Chemistry (I UPAC), Division of AI" 
plied Chemistry, Com miss io n on Atmos­
phericChemisrry has publishcd a new set of 
recomme ndations for the WiC of units in ar­
mospheri c chem istry: 
Schwartz, S.E., and P. Warneci(, Units for use in 
atmospheric chemistry ('UPAC recommendations 
1995), Pure & Appl. Chem., 67(8/9), 1377-
1406, 1995. 
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Global Change and Terrestrial Ecosystems 

T he ea rl y res ults from GC'f'E and rela­
ted research around the world include: 
( i) che firstcre ntis from research on complex 

mu ltispccics systems under elevated COl; 
( ii) <1n inrcrcomparison of patch moucls of 
vcgcC<1cion dynamics as app lied to global 
change issues; (i ii) rapid progress in rhe de­
vc lopofdyna micglobal vcgcrat ion mode ls 
(OGVM s); Hnd (iv) fi rst resu lts from model 
imc rcomparisolls in the Vlhc<l r amJ Rice 

Networks. 
I nregrating activities, c lI{[ing across rhe 

thematic division ofGCTE foci , have made 
auvances on many fronts. l ntegration is be­
ing achieved by thl: TGBP rransects pro­
gramme, Crop Networks, an elevated COl 
consortium , ,lilt! the r .ong-Term Ecolog i­
ca 1 i\lf oticlli ng Activity (LEl\·fA) 

Long-Term Ecological 
Modelling Activity (LEMA) 

A major aim o f LEMA is to fclcilitatc model 
and database eX<.:hange across GC' 1 'b: and to 
undemlke model imcrcomparisons at ap­
propriate stages in the developmentofvari­
ousTusks, 

Evaluation of the application of patch mod­
els of vc~ctation dynamics to global 
change issues. 
An excellenrexample ofa long-term eeolog­
ic,,11 mode ll ingact ivityw<ls the workshop in 
Apc1doorn, Netherlands, organised around 
a se nsitivity anal ys is, in which 13 research 
groups from Hl"Ound the world presemed 
resu Its from existing parch models usi ng a 
standa rd set of climate change scenarios, 
Although the pred ic ted ecosys tem respons­
es varied considerably from model to modd, 
all of the models predicted sign ificamchang­
es ill ecosystcm strucwre as a result of c1i­
mate change. 

One of the most impressive outcomes of 
the workshop was the ve rsatility of patch 
n'tOde [s in many <lSpcCts of global change 
research, '1 'hedevciopmemof multi-life form 
parch model s, for exa mple, is a promising 
me<lns of studying global change impacts at 
sensitive ecmones (e.g., the forest -gmssland 
boundary), and the development of linked 
strueturc-fun cc i(ln patch models will greatly 
assist research on g lobal change impacts on 
ecological complexiryand its relationship to 

ecosystem function. Also, modules based on 
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Integrative Activities 

p,-uch models will likel y be a key compo­
nent of d ynamic global vcgcnuion models. 

The workshop identified a number of 
areas, uswlll y invo lvingmhercomponenrs 
of the GCTE Core Rese,:lrch Programme1 

in wh ich additional work is needed wover­
come curre nt li mitations of patch models, 
These incl udc : (i) improved modelling of 
so il processes; (i i) hetter understanding of 
mortality and recruitl11c lH processes; ( ii i) 
resea rch on the effects of e nvironmental f;:lc­
to rs such as tempennurc on whole-plant 
growth and mortal ity; (iv) experiments in­
vo lving marure trces in natural stands under 
elevated COz; (v) incorpormion of the spa­
ti a l and temporal effe cts of disturbance re­
gimes; and (vi) inclusion of the effects of 
anilTlU [s and pathogen s on patch dynam ics. 

'J'he Vegetation/Ecosystem Modell ing 
and Analysis PnJject 
A GCTE Core Research Project, this is an­
orherexcellentex<lmplc ofa long-term eco­
logical model [ingact ivi ty. 1n this projeC[ the 
outputS of th rec hi( )gecx:hem istry models and 
three vegemtion distribution models for the 
11SA under prest!llt-dayand fu tu re climate 
and COzleve ls werc compared. A doubled 
atlllospheric C Oz level was assumed, and 
til eeorrespondingequilibriumclim<ltcsfrom 
three general c irculat ion models were lIsed 
as scenarios. Thus, there were 27 poss ible 
combinations of climate scenario, biogeo­
<.:hemistry model and vcge tacion distribu­
tion model, \\Ihe n the outputs of the bioge­
ochemistry models alone were comparcd , 
changes in the simulate d net primary pro­
ductivity Hnc! terres trial ca rbon storage from 
prescntto future ranged from a 2% toa35% 
increase fo r ne t primary producti vi ty and 
from a iossof."B% toa gain of 16% forcarboll 
storage. ' I'he variahility in ca rbon cycle re­
sponsesoccurred because the hydrologic and 
Ilitrogc ll cyd esas represenred in the models 
have different sensitivities to increases in 
te n1perature and CO

2
, \\' hen the effects of 

changing vegeta tion distribution were also 
included, the change in net primary produc­
tivityva ried from nochange wan increase of 
56%, and the change in carbon sto rage 
ranged from Cl decrease of39% toan increase 
of 56%, The variation here was due primari­
ly tOeithe r decreases or increases in project­
ed forestafea as simulated by the vegetation 
distribution models. combined with tem-

pcrature induced effeccs on water status 
and nitrogen cycl ing as simulated by the 
hiogc()c il e mistry models. 

This we ll-d cs igned and executed 
projec t de monstrates the powcr of model 
inrc rcnm pari sons and appropriate model 
linkages, tWo<lctivities which I. El'vrA wish­
es to promote further. The Vegetation/ 
Ecosystem ModcJl ingand Ana lys is Project 
which invo lves invest igato rs from 11 insti­
turions, is sponsored by ASA, the Elec­
t ric Power Resca rch Institme, and the 
United Sta tes De pllrtme ntof Agriculture 
Forest Service. 

TIGER 
The strong progress madc in the develop­
ment of dynamic global vcgetation models is 
exemplified by the UK consOftiumsruciying 
the inlluenceofchanges in c1i matc and car­
bon on biome distribution. '1 'he strategy em­
ployed b y this consortiulll , which is part of 
the 'f e rrest rial l nitiativc in Glob,:11 Envi ron­
me nt,,1 Rcsc",ch (TIGER) funded by the 
UK Narunl l Environme ntal Research Coun­
c il , is s hown in Figure l. Thc core of the 
glob::l l model is DOLY ( Dynamic Global 
Phyrogeography t\ lodcl)l which uses a wa ter 
balance approl.lch along with information 
on soi l carbon ::lIld nitroge n contents to cal­
culate the leaf area index and net primary 
produetioll for the Earth 1s terrestrial SUf­

l~lCC. Several additional features arc Illoving 
oor ,Y rapidly coward s dyn,unicglobal veg­
et<ltion n10de l sta tus: (i) a module which 
projects convers ion from natural vegetation 
to agriculture based CO changes to the distri­
bution oflwman population; (iD the use of 
functional types rather than species or bi­
olne ty pes in mod e lling vegeta tion struc­
ture; (iii) the developmelltof a patch model 
based on gap dynam ics rosimu latechangcs 
to biome type; (iv) lIseofremote sensingw 
detect and quan ti fy rates of d isrurba nce; a nd 
(v) thecouplingofOOL Y toa gencral circu­
lation mode l. ' I'he ini tial coupled dynamic 
global phyrogeographymode[ - general cir­
culation mod e l runs indica te that there is 
significant feedback from vegetation to c1i­
mace at the regional scale for temperature 
and sui I moistll re, but that the effect aver­
aged over the whole globe is small. 

The provis ion of appropriate data-bas­
es, particularly at the global scalc, is bccom-



ing an im;rc<lsi ngly illlponanr compone nt 
ofG CTE's modcl lingwork. FOrCXl:lmplc, 
GCTE and urher groups arc working close­
Iy with IGBP-OlS w prod uce a globally 
consistenr soi ls database designed specif­
ic"l lly to su pport globa l change research. 
Disturbance rcgi rne::;, and their projected 
variation unde r g lobal change, are looming 
as all i ncrcas i ngl y im porranr featwe in sim­
ulating ecosystem dynamics ,It all scales. 
Th e compi lation of a g loba l disru rhancc 
databasc is rhus a high priority wirhiJl the 
r ,ong-' L 'crm Ecological iVlodelling A<.:tivi­
ty and GCTF: gcne rall y. 

' J'he work described abovc illustrates the 
abili tyo f"Long-' I'c rm Ecolog ical foddling 
Acrivity to faci li ra[e sign ifica nt adva nccs in 
sc ientific understand i ng across the GC' I' E 
rcscH rch program mc. The pote ntial fl lr fllr­
thc r model developmclH within GCTE is 
now grea t, .md the need fora LEt\ JA Secre­
tari<!r to provide coordi native support for 
model intcrcomparisons, modular model­
ling, ilnd data acq uis ition and scand<lrdisa­
tion is ac uce. GC'J'E is mak inga concerted 
effort re obta in rCS(HlrceS to providcsl lpporr 
for rh e r<lpidl y growing num ber ofacti vi tics 
being unucrtake n in or proposed f( lrrhe net­
work. 

Crop Networlcs 

The re port fro m rhe 1993 \.vheHtivlodel 
Compa rison \Vorksh()pc~ used much inrer­
es r. The re fl sons forthe marke d dive rgence 
in rheourput ff(ll1l the 10 l11odcls(2.S -KO rl 
ha grai n yie ld ), g ivcn com mlln in irialisation 
parllll1erCrS, is s till be ing kcc nl y debated , 
and wi ll form thc subjec[ of [WO scientific 
pl.lperS in prepamcion. Partic ularl y surpri s­
ingwas the fact tha r rhe useofa coml11on lea f" 
area index deve lopme nt t im e course for all 
models did not bring ,1 boU[ a marked im­
prove me nt, A follOW- lIp workshop was held 
in Marth \<)95 in Rc·"ding, UK, to exami,'J.C 
in more dcrail the re~l so n s for the di ve rgence 
in yiel d prediction. I t proved diffi cult roes­
tablish the exact reaso ns forchc model diver­
ge nce, but a major factor was [he WHy each 
Illod e l dealt w ith nldia tion ll S~ efticiency, 
and how this varied with temperatllre. Three 
additional members have been aecC])[Cd into 
th e Gr:T I~ \ ,Vhc,l[ Network, the fo rmal 
Network membersh ip now st<l ndingat 36. 
A compii<uion of the 1993 WhcatNctwo rk 
Model and Expcrimc lltal i\ le tadata waspuh­
li shed as GCTF. Repof[ N o. 2. 

' l 'heGCTr. Rice Network was formall y 

"'lunched at .111 intc rna t ional workshop a[ 
the Inte rnationa l Ricc Rcsearch Institutc , 
Ph ilippi nt:s, in rVl arch 1994. A t:omparison 
of four major rice growth mod e ls was pre­
sented , which showed a divergent:e much 
less than thatohhe w heat mode ls. A major 
proposa l for funding thc Nct\vo rk's activ-
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ities (plan ning "lI1d t rai n­
ing workshops, I!xchallgc 
vis its, rescarch fellow­
sh ips, field experime nra­
tion and coordin a tio n ) 
was prepared HnL! dis­
cussed w ith a wide range 
ordonors; part i<11 funding 
has bee n sec urc d. T he 
ncxt G(:TE Rice \ ·Vork­
shop (Bangkok, Septem­
ber 1995, ho~nc cl by the 
TI\",\i Natio na l l GBP 
COlllmittee) w ill des ign <1 

multi -s ite, network-ex­
peri m en t for tem pera [LIre 
g radient runne ls .lIld re­
port resul ts from .. 1 tem­
peraturc x COzsensitivi­
ry analysis for [he major 
rice simul[ltion rn odc ls. A 

GCTE Ricc \~' orking 
Group has bccn t:011 -
vened to manage rhe Nct­
work. 

The propose cl GCTF. 
Potaro Nctwork was di s­
cussed in derail at all in­
rcrnmional work shop in 
\Vage nin ge n , Net her­
lands. Although moclel­
ling porato growth is rela­
ti vely we ll advanced, , he 
participants agreed thilt <I 
formal GCTE Network , 
linki ngex pe rime nra l and 
Illod e llin,g groul)S world­
wide, would be vcry hcnc­
iicia l.lni tia l plans for th is 
were prepmecl with a liscof 
pmc nt ial membe:rs. 

The propose d GC" 1·1:: 
Cassava Nerwork was for-

Hierarchy of scales addressed In GCTE research on ecosystem 
structure/composition 

rnall y ,lnn ntllu.:: t: d ar a 
Symposium of t he Inre rnational Tropical 
Root C rops Socie ty in Sa lvador, I1raz il. 
. 1 'he G CTE Network was seen as esscntial 
to link cassava rcsearche rs in ves t iga ring 
glohal ch<lnge impacts; pes ts and diseases 
w ill play '<\ p<lrticularly important role in 
both experime ntal <lnd modell ing stud ics 
fo r thc Cassava Ne[work , 

A gra nt was rcceived from rhe Ourch 
Gloha l Change Progra mme (NOP ) to e l1-
gage a GCTE Crop Ne(works Rcscart:h 
Office r. The positio l1 , re be located with 
Professor Jan Goudriaan, \Vageni ngen, is 
to help pre pare Network uat::lscts and mod­
e ls fo r mode l comparison and daw syn thesis 
exercises. 

The managementst ructllre or[he indi­
vidual GCTE Crop Nctworks has been 
t: hangcd [0 allow greatc r spcciali st input for 
the given crop. The ea rlier structure of 

" remperate!! and "rropi t:a l" c rops has bce n 
supe rsed e d by c rop-s pecific \Vork ing 
Groups compris ing plant ph ysio logists, 
specia lists in pesr, di st:ases and weeds, and 
modelle rs. ' I 'he GCI 'E Crops Commirtec, 
spanning at! Crop ' etworks, continues to 

provide "I gt: ncra l coordinat ive and man­
agemcnt function. 

Further achievements of GCTE, relaung [0 the 
Transeas plans, rhe COl consortium, and the 
progress of projects under each Focus and Task, 
can be (aund in the GCTE annual report (or 1994, 

Canberra: 1995. 

GCTE Core Project Office, Will Steffen, 
GCTE Core Project Omcer, CS IRO, Division o( 
Wildli(e & Ecology, PO Box 84, Lynehom ACT 
2602, Australia. Tel: (+61-6) 2421748, 
Fax:(+61-6) 24 12362, E-Mail: 
wls@cbr.dwe.csiro.ou 
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Biospheric Aspects of the Hydrological Cycle: 

Global Cirl'lilar;r}ll jJlodel Silllll/(/1;01l.<; are 
sellsitive to r:haJJges ill !i/( //tu;e albedo, {/CI'{j ­
dYllamic rtJllf{h!less, soil moistlfre allr! evap­
oralioll, a/I of which fire illflueNced bJI vege­
/tlfi01! {flit! SIIOfIJ'covcr. NevClt/fCJesS, the role 
oJlhebio.fphere is lIo/slff/ideJltlyrle.fcribet! in 
these mot/els allt! iJllprovement of the eco­
;'yrlrologiull l'OIIIP(JlltIItJ ill GC/Ils remaills 
11 cfla//e!!gi'JIg tasJ.'.lll-rlep/h l.'llow/edge of/he 
illteractioll.\" belwcCII the hydr%gical cycle 
(IIIrt the terrestrial biosphere is crI/cia/ jor 
asseSSlIlellt of 'he impacI Oil freshwiller re­
JOIII"CeS, (lIId hellre the productivity of IIntll­

rtd nl/d maJ/ IIIade ecosystelJls, of climate 
change alltl other /IIOFC tiirelt hUIIIOII pres­
sures 011 the tIIv;rollJllclIl. 

he lIllucrsmndingof in ceractions across 
the diversity of processes and temporal 
and spatial sca les requires collaboration 
between hydro logisrs, atmospheric sc ien­
tists, soi l scientists and ecologists to a de­
gree that traditional boundaries betwcen 
these field s disappear. RAf le is a eat,l lys r 

LiTHOSPHERE 

The Four Foci 

in this process as an organisation that stim­
ulates and fosters in tegrative, eco-hydro­
logical research. 

Two basic BAIIC objectives arc: 
• to analyse the biospheric controls of 

the hydro logical cycle through field 
meas urement for the purpose of devel­
oping mode ls of e nergy and water flu x­
es through the soi l-plant atmosp he re 
system ata ll temporal ancl spatial scales, 

• to develop data bases that ca n be used 
to describe the interactions between 
the biosphere and the rest of the phys­
ica l earrh sys te m, ~lnd to tes(/va lidate 
model simuhuions of these. 

A range of casks have been formulated and 
grouped under four [<'oei: 

One-dimensional Soil Vegetation 
Atmosphere Transfer models 

(SVATs) 

The main objective of rocus 1 is to 

investiga te the vertical exchange of ener­
gy, moisture and coupled trace gases at the 

ATMOSPHERE 

sola r 
energ y 

Earth system cycles: the main mechanisms moving materials between land, air and oceans, and 
their principal interactions with biological processes and human activities. 

soi l-vegetarion-atmosphere interface and 
theirdcpendence on re levant soil and veg­
ecar ion pa rameters as wel l as climatologi­
ca l, hydrologital and other related param ­
eters. Investigations have been carried o ut 
at this scale and a numberofSVA'l ' models 
have bee n developed. Emphasis is on im­
proving SVATs to si mulate in a compre­
hensive way the vario Ll s eeo- hydrological 
processes, fo r rhe full eco-cl imatic contin­
uum found on Earth. 

A coord inated network of !lux measll r­
ing s tations for long-term, continuous ob­
se rvatiuns has been estab lished (CO l 
f'LUXN ET). Eventuall y this initiati ve 
shoulcllead to conti nuous operation of 10-
50 stat ions, capable of measuring radia­
tion , heat, water and COl fluxcs, prefera­
bly even ly dispcrscd over the world's land 
surfacc. Such stations drive on technology 
developed over (he past five yea rs in var i­
OllS r .Hml-Surface Experiments. J\. cen ual 
UHm information system wi ll hc cstl:lb lishcd 
at the N OAA-Oak Ridge Dm;] Arch iving 
Ccnter, with input from the Global T e r­
restrial Observing Systcm (sponsored by 
we RP). 

BAHC, th.rough I.'ocll s 1 and Focus 3, 
produces global vcgc[ation <lIlClland cover 
mapping. A BAH C priority is to evaluate 
and compare methodologies, to lead to 

agreeme ll( on a si ngle multipurpose cl ass i~ 

fic<ltion. At the sallle time fi rst attempts ar 
mixture-mode ll ing studies arc sllpponed 
for !Sclected pi lot reg ions. 

New 'applications ' in SVAT science 
ilre underwa y: (hese include non-methane 
hydro-e;ubon models, biome competition 
models and wildfire bclulViollf models . 

Regional-scale studies of land 
surface properties and fluxes 

rocus 2 ex tends che invcstigations un­
der Focus 1 into two and three dimensi~ 
ons. It is oriented cowards experiments in 
diffe relH regions, and therefore takes into 
aceOlllH the role of heterogeneity in land 
use, vegetation type, soil, hydrolog icl:11 and 
other conditions and includes effec ts of 
wpography and lateral surface and subsur­
facc W<Her fl ow up CO a scale of 1 0.1 km'. An 
important subject in f'OCIlS 2 is upscaling, 
namely (he appropriate rep resentarion of 
characteristics of larger areas in models 



wh icll take account of land surface hetero­
gene ity in all its forms. 

Outstanding progress has been made 
in IInderstanding "aggrega tion" through a 
mixture of experiment, modelling and a 
continuous review of methods. A major 
,Jchievemenr of recent yea rs is the cnndu­
sion that a sil11ple rule ca n be used for 
above-ground vegetation parameters, re­
gardless of the scale of heterogeneity. 

A com man format for r ~arge Scale Field 
Experiments has been found in close col­
laboration with the Global Energy and 
Water Cycle Experiment-International 
Satellite L and -Surface Climatology 
Project. 

Recently emphasis has shifted from 
atmospheric advecti()n to eco-hydro logi­
cal control. This process is accompanied 
by a rcfocllssing cowards below-ground 
processes, inclusion of carbon exchange 
and an extension of temporal sc;;tles. 

Diversity of Biosphere 
Hydrosphere interactions 

rocus .1 .'leeks to develop Illodels rhat 
describe long [Cflll dynam ies of the tefl'es­
trial biosphere, ,mu the provision of global, 
quanciwtive uara on hiospheri c processes 
and rclcvanr land surface characteristics. 

The first SV A'f publications appeared 
in the early 70s, the first mesoscale exper­
imencs were from the mid 80s, but the first 
climate simul:Hion with a dynamically re­
distributed vegetation was perfonned only 
in 1994. So the Focus 3 agenda is very 
young, <lI1 d can only 1ll<l[LIre co full scale (IS 

the sciemific founuation for the first two 
foci develops. 

Reccll[ developments show evidence 
that vegetation distribution and ph ysio lo­
gy can have large effects on climate. How­
ever, most studies have been simplistic 
and unidirectional, whereas the opposite 
is true: vegetation distribution antI physi ­
ology arc sensitive to climate. The predic­
ti on of vegetation distribution and undcr­
st,Jnd ing the d iffcrence between potential 
and actual distribution has progressed d ra­
Inatical1 y. 

The Weather Generator 

fo'OCUS 4 was in i rially cO]1cei ved to devel­
op data bases to describe the interactions 
between the biosphere and the physical 
Earth system, and [0 tt:-st and validate 
models of such interactions. Tn practice, 
this meant the provision ofhigh-resolu cion 
meteorolog ical dara fo r climate and 
climate-change rcsear<.:h for the HAHC and 
GCTE core projects. FOCUS 4 hflS now 
entered asecond phase where it is possible 
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to identify different types of downsc:l lin,e; 
approaches, assess the uncertainty of their 
results, and the applicahiliq' of any ap­
proach for ecological and hydrological 
modelling. 

The dynam ie anu srochastic approach­
es (0 downscaling need to be evaluated 
with di ffcrent dara sers, buralso both should 
be integrated in a single, Bayesian frame­
work. Stuuy areas for calibration and eval­
uation of the different downscaling ,1Igo~ 
rithm s ha ve been chosen, partly in 
co llaboration wtth projects under Focus 2: 
the TIAPEX-Sa hel, the North China Plain 

ne ss may provide .. , bYidgc to HDP (HII_ 
man Dimens ions of Global Environmen_ 
tal Change Programme) and the GCOS 
(Global Clirn,;\te Observing Programm e) 
in itiative on the socio-econom ie benefit uf 
climate forecasts. 

Focus 4 starred the exploration of lI S­

ing sate ll itc dara. The optical propcrties of 
clouds can eventually be transformed [0 

produce da i I)' va lllGs and drought extremes. 
This ca n be ll seful in mllny areas of rhe 
world where adequate observations are 
not avaih\h\e. 

There arc plans to apply the \\'earher 

Aggregation Modelling in HAPEX-SAHEL is a project under BAHC Focus 2, and it is a study 
area for BAHC Focus 4. 

project, the Little \Vashita l1asin in Okla­
homa, and in the future [he Large SCl:lle 
l1iosphcre-Atlllosphere Experiment in 
Amazonia ( I ~nA ). 

In the Ileal' fucure thc preparation of 
srandardiseu data sC ts needed for coordi ­
nated reference runs with va rious UOWIl­

sca ling models will be finalised and dis­
tribu ted among the relevant groups. 
Another continuing foclIs wi ll be on rhe 
ana lys is of the effects of uncertainties in 
application programs. Of particular con­
cern is rhe systematic analysis of the im­
pacts ofullcertainty in simulation modcls 
sLlch as the SVA'I's which are at the core of 
r nellS 1. 

The central role that data ullccftl:linty 
plays in the quality of model output, re­
quires policy makers and other cnd-users 
of modcl results co provide feedback on 
the acceptable leve l of risk. This aware-

Generator in the No rth China Plain in 
<.:ooperation with GCTE bllt also with 
BABe pocus 1, the relevant foci in fGBP­
DIS and rhe HDP, and in collahorarion 
with existing Chincse programs or insti ­
tutes involved in climate impact assess­
ment and 'ldapt<ltion research. 

Holger Hoff, Acting BAHC Core Project Director, 
Potsdam Institute for Climate Impact Research, 
T eiegrafenberg, 0-/4473 Potsdam, Germany. T el: 
(+49-331) 2BB 2543, Fax: (+49-331) 2BB 2647, 
E-mail: bahc@pik-potsdom.de 
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CO FLUXNET Implementation 

Creating an Open DisclIssion 

hat happe ns to CO, produced by 
hum.lI1 activities? le is not )Icr possible [0 

dose the contemporary g lobal carbon hudg­
e t because or ehe inability to estimate the 
quantity of excess ca rboll taken lip by 
terrestri al ecosys tems. F ro m va rious COz 
meas ure me nts and lllocJeI stud ies of the 
carbon cycle (e.g., C iais, ct. al ., 1 SlY5; D e n­
ning CL al. , 1<)<)5), the fractions re maini ng 
in rhe atmosphere and "lbsorbed by oceans 
.Ife rchltively wel l-bounded estimates. ' ,"'he 
difference, or a " missing component," is 
thought to be taken lip by terrestrial sys­
tems, but firm quantitati ve estimates afe 

e lusive. Recent resea rch sugges ts a strong: 
mid latitude Northern Il c misphere ter­
restrial si nk roughl y equ ivalent w half the 
foss il fllel emissions for 1992 and 1993, and 
emphasise the necd for research on prm.:· 
esses re:-Jponsible for absorb ing s uch large 
<[UlHltities ufC0

2
. Syste matic COl nux 

measure me nt is onc poss ible appro<[t: h for 
sharpening the esr imates of terrestri a l car· 
bOil cha nge. 

"works hop ilt La Thuile, I tal y recent· 
Iy reviewed flu x mel.ls urcmcnt approaches 
for quaruifying ann ual net ca rbon gai ns by 
te rres tri al ecosysrems (Ihldon:hi , e t. al., 
s ubmitted), and a "(:0 l F L UXNE'J''' has 
been proposcd to obta in wo rldwide sys· 
te matic dam on COz exchange berween 
the atmospherc and tcrrestrial biosphere 
( IGBP, 1995 ). A dear condus ion of th is 
\Vorkshop was thac eddy co-va riance- is 
o ne ve ry a ttractive approach for measuring 
ca rbon fl ows in ro and out of an ecosys tem 
in order ro qu antify a "missing" compo­
nent of the excess ca rbon budger. T ech· 
nologica l readiness exists, as do sound sci· 
Cll t i fic approaches. T he sc ient ifi c 
commllnity is excited aboU( implement· 
ing 1:1 network of mC<ls urc ments, and in 
producingcoord inared measureme nts and 
a Illore compre he nsive data base. The 
ideas from La Thuilc havc gelined sllpporr 
from IGAC, BABe and GCTE Projects of 
I G I1P; however, com mitme nt to long·tc rm 
sys tematic observHtion would still be a 
bold s tep bccause mos t experiences [0 

date stcm from re lative ly short-term cam· 
p<lI gns. 

\ ·Vhat is even less clear is the dimen· 
s ion of institutiona l support and availabil · 
it y offunds tu develop and s llstain a global 
network of mcasurements. The fac t that 
sc ie ntific <lI1d technical capabilities and 
interest exist does not necessari ly ensure 
financia l SllPPOr[ for ti n cmerg ing venture. 
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Funding for d evclopinR a network of sys· 
tc matic measurements is not a [ri vai l mat· 
re r; up-front in vcs tll1cnt cos ts estill1lltecl 
in U.S. dollars arc ca. $100,000 per s itc. 
Annual operating ex pe nses- for flu x and 
collateral <l tll1osphe ri c measurements; for 
quali ty control and archiva l of data; for 
studies of ecosystem processes <Iml con· 
{rols, ~lI1d for mCelsurcmenr of si te biolog· 
iCel l parameters; for ana lys is and modeli nR 
- could cOSt $100,000 or more per sire. 

It has not ye t been determ ined what 
would consti wtc <In optimal number of 
network sites, but it was learned at l ,a 
Thuile that sc ie ntifi c capability to run 
eq uipment and inte rpret res ults exists at 
20 to 25 locations world wi de. Systemmic 
CO! nux data will be nCClled from 2S morc 
locat ions to providc requ ired global cover­
l:lge, where an " ideal" setofl ocar ions would 
depend on a strategy to san1ple globally 
the ecologically siRn i fi ca nt biollles. I niri ,,11 
COSts ro i Illpleme nr" g lob;Jlmeasurement · 
mo nitoring network would be at least $5 
mill ion, and wou ld increilse by $0. 1 co 
$0.2 m. for each station added to the net­
work. 

I n view of the non-tri vial financial re· 
quircmcnts, and the fact that lllany go\'­
e fllmenrs closely scrut inize SlIppOrt for 
research , it wnuld scc m that pelfallcl to rhe 
development of sc iencific plans the re 
should be a di sc llss ion of how a COl flu x 
ne twork ca ll be fin anced, especially since 
a world wide network wou ld likely in vo lve 
sc ientists and sources of support from lllany 
countries. j\llechnni slll s for planning and 
coordinatin g fllndin g may in fact <l lready 
ex ist sinee a flux network s imply aug· 
IllCnts other globa l ve ncu res s ll ch as sawl­
lite observa tio ns anti gcnera l climate mod· 
e li ng. 

Given thc dive rs ity of p hilosoph y and 
financial practices of diffe re nt countries 
(a nd thei r respective sc iencc agcncies) in 
s upporting resea rch, it wou ld seem pru· 
dcm ro explore ami understand possible 
approachcs for securing and coord inating 
various sources of suppOrt. Assllming [(lat 
flux measurements would nee d [0 be {ak· 
en continuo us ly, and that a nux measure· 
mcnt/monitoring network would need to 

operate for a d ecade or longer, is it poss ible 
[0 get as:-Juranccs/commitmenrs for long­
term s upport? M oreover, is it possib le for 
the scie ntifi c COIll I11UIl ity to d e fine clearly 
thc funding requirements needed to sus­
win a long-term program that would make 

it palatable to governments wi lling to in. 
ves t? Finally, [hc rc m,IY be lessons to 

lea rn from expe riences of deve loping a nd 

s ustai n i ng orher networks of Il1casu remen t, 
e.g. , the atmosp heric COl meas uremenrs 
madc ovcr the past fOll r decades, which 
has had its share offru srrations. T' hese arc 
just a fe w of the logistica l and fin ancia l 
q ucs tions thar might he di scussed prior (0 

implemenrarion of" "CO! FI , UXNET." 
To explore some of these issues, an 

open discussion is proposcd of tinancia l· 
i nstiw tional-coorci ination. logistieal aspens 
of "COl FL UXN ET." It would be espe· 
Ci;;ll1 y helpful if P rogram ~ I anagers/R e · 

sea rch Directors could b ri ng thcir perspec· 
tivcs to the di scussion. 

Those having views o n these issues 
shou ld sen d rhem to the IGBP Secretariat 
(see address on p. 19 in News I ,eHe r box). 
Please idemify message subject as "C(\ 
FL UXN ET," an ti incl ud e your Inrernet 
address. 
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Oechel and R. Dahlman. 1995. Strategies 
for measuring vapor nuxes over terrestrial 
ecosystems. (Summary of l a Thuile Work· 
shop, same title) Submitted to Global 
Change Biology, 25 pp 

IGBP Newsletter 1995. FLUXNET: CO2 flux 
monitoring network. 22:7-8 

Roger C. Dahlman, Environmental Scienc­
es Division, Office of Health and Environmental 
Research, Office of Energy Research. Deportment 
of Energy, Washington, DC 20545, USA. 
Tel: (+ 1-301)903 3281, Fax: (+1-301)903 5051 , 
E·mail: roger.dohlmon@oer.doe.gov 

*Eddy-covariance. also eddy correlation, is a 
measurement technique in which atmospheric 
f1uxes are derived from covariances of the ver· 
t ical wind speed and temperature, humidity. or 
COl concentrations. 

Corrigendum: The last issue of the Global 
Change Newsletter failed to mention that the 
US Department of Energy spo nsored the la 
Thuile Worshop. Our apologies (Ed.) 



Spreading 

the Web: 

T he IGBP-DIS_- __ 

START 1995 

Summer School 

n order to inc rease the k nowledge of 
elec tronic ne tworking and its utility in 
g lob;:d change research, IGBP-O rS and 
START (the IG IlP Globa l C hange Sys­
tem fo r Analys is, Rcscn rch and T rai ning 
F rcl lllcwork Act ivity) orga nised a Su mmer 
School o n c lccu o nic nc tworkinga nd Data 
and Tnformation Sysrcms( DI S). Thework­
shop was a three week summer school 
given by insnuctors from rhe Uni ve rsity of 
Mary land , IG BP- IJ IS anti STA RT at the 
University's De partment or Geography. 
Th e major object ive orthe summer school 
was to glHhc r scie nt ists from developing 
countries with in STA RT regions and dc-

velop a prototype \-Vorld \Vide Web delta 
and info rmation sys tem [O,lctas a seedbed 
for rhe d evelopme nt of a full y fun ctional 
START-OlS. 

Fund ing was provided th ro ugh rhe In­
ternationa l STA RT Secre ta riat via an N SF 
gra nt. The \:Vorks hop fan from 17 Ju ly 
1995 through 4 August 1995 and included 
24 scie ntists from around rhe world. In the 
15 instrtlcrional llayS participants created a 
funct ioni ng clam and information sys tem 
using 'YVortd "Vide Web technology. These 
partic ipan ts re turned [0 the ir count ri es with 
re fe rence materia ls, tcaching mate ria ls and 
relevant software. 

C lasses ran for three weeks in the Un i­
ve rs ity's UN IX laboratory. Pa rtici rants 
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Teachers and students at the IGBP-DIS-START Summer School at the University of Maryland 

were ilHroduccd to dlC UN IX operati ng and Information System. Cnnrinu<Hion of 
sys tem along w ith various exist ing net­
work sc rviccs in a three day prelimina ry 
sess ion . Panie ipanrs th en began designing 
and implementing rheS' t'ART -DIS in ear­
nest. In onl y ~h ree weeks these partici ­
pants had deve loped <I working version of 
the sys tc m that WHS Imer de monstra ted co 
rhe STA R' I' Standing Comm ittee at the ir 
meet ing in \VHs hlngcon, DC, on 11-14Scp­
tcmber, 1995. 

fl y rhe conclus ion of the course, the 
twenty- fOll r seien rists at dl C su m mer school 
had Ic,uIled how (0 d evelop a worki ng 
D ata and I nfo rmarion System and had se t 
up th e ir own system in only three wecks. 
Panieip,lIlts dcve loped plans for future 
implementation of similar sys tems with in 
the ir own regions. !'vlost importa ntly, they 
developed huma n networks with scien­
ti sts all ovcr th e world thm will se rve th e l11 -
se lves and rheS' I'ART Secreta ria t for years 
to come. 

Th ese scien c.ists have become an im­
portant asset to START and IGBP in the 
deve lopme nt of a widc area based Data 

si milar workshops within rhe regions is a 
basic s tep rowards fru ition ofrhe STA R'I ' 
data an d in formati on systems. 

Plans ,ilso incl ude the creation of the 
STA RT-D IS C IJ-I{O~ I which wi ll CO Il ­

ta in t lleenri re ST A RT- DIS sys tcm, \~rwvV 

cl ientapplications, and other re levancsoft­
ware to as~ist chose regions wieh limited 
ne twork "ICCCSS. The C D-ROi\ 1 sho uld be 
ava ilable by Spring of 1996. 

Fo r more information. please contact the In­
ternational START Secretariat. Suice 200, 
AGU building. 2000. Florida Avenue, NW, 
Washington, DC 20009, USA, Tel: (+ 1-202) 
4622213, Fax: (+ 1-202) 457 5859, 
E-mail: start@kosmos.agu.org. 
Web URL: http://dis .start.org/ 

David Lance Wolf, University of Maryland 
at College Park, I I 13 LeFrak Hall. College 
Park, MD 20742, USA. Tel: (+ 1-30 1 )4054558, 
Fax: (+ 1-30 1) 3 14 9299, 
E-mai l: dw 137@umail.umd.edu 
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.., 
Land-Ocean Interactions in the Coastal Zone 

Achievements and Future Plans 

A nctwork of over 1,000 coasta l scien­
tists from 124 cou ntries was involved in 
the development of the LOICZ Imple­
mentation Plan (TGBP Report No. 33), 
which details the manner in wh ich the 
sc ientitic issues and uncertainties surrollnd­
ing the ro lc of the coastal domain in the 
fll nction i ng of the Earth system need to be 
addressed. 

The Second LOTC?, Open Science 
Mecting, convened in April 1995 at the rvla­
rine Science T n.'it itllte of the University of 
the Philippines, wasattcndeu by203natural 
and social scienti sts frol1145 countries. '1 'his 
provided a forum in wh ich to explore the 
meclHlIlics of how w implement the project. 

Both regional and (()[Jic-oriented dis­
cLlssions were convencd, reslllting in rhe 
idencification of pmential core research 
nodes and initiation of specialised networks 
upon wh ich the futurc success ofT ,O LCZ 
will depend.' I'hcmectingwassllpported by 
a numberofinternational agenc ies with in­
te rests in coastal science i ncllldingthe r nrer­
governmencal Oceanognlph ic Commission 
of UN ESCO, IUC,N-The World Conser­
vation Union, and the COlllmission of thc 
European Union with whom the L01CZ 
Project maintains s[fongcollabora t ive lin ks. 

'1 'here arc sign i licantd ifferences between 
LOTCZand those Core Projectsofdle IG I:3P 
that<:lddress processcs in c(lmparative ly cJis-
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tiner cOlllpartmems of the Earth system 
such as rhe atmosphe re, or thc oceans. in 
compa ri son with the rc lative ly uniform 
cn viron ment of the sunlit zone of thc open 
ocean, or the rapidly mixed environmcnt 
of the atlllosphere, the spatial and tempo­
ral heterogeneity of the war- lcJ 's coastal 
zoncs is eonsiclerablc. As a consequence 
there are considerable methodological 
problem." associated with developing glo­
bal perspectives of the role of the coastal 
su h-system in rhe functioning of thc Earth 
system. '1 'his issue is being wclded th rough 
the developmcnt of a coastal typology that 
will be used as a framework for preparing 
regional and global syntheses and to iden­
tify coastal areas and types for which j110fe 
cmpirical dat,:l <Ire required, A draft docu­
ment outlining the strategy for developing 
such a rypology has been produced and 
eirclllated throughout the network of cor­
responding scienrists and this will bt~ fur­
ther elaborated in collaboration with the 
Food and Agriculture Organisation of the 
United Nations and the Netherlands Ge­
ologica l Survcy. 

Recognising thatconsiderable bodies of 
cmpirical, ill sill! Jata al ready cxisr in rhe 
literature fora nUl11herofarcas ofi nrel"(~st to 

T -,0 ICZ the project has initiated, in collab­
oration with rhe '\'orld H e,llth Organisa­
tion and the Global Environment IVloniwr-

ing System (GE1vIS) of (he Unitcd N a­
tions Environment Programn1e (UN Er) 
the compi la t ion of data relating ro riverinc 
discharge to the coastal zonc. A drafr doc­
umcnt River Disdltlrge to ti,e Seo: A G'/our;) 
River Jndex was published and circu lated 
by r10 rCZ in April 1995. Furtheramplifi­
cation and expansion of this database will 
be undertaken ovcr the nc.xt bie llnill m. 
Phms are in hand to evaluatc the fca~ibility 
or ))fod llcing SllCh a synthes is in rhe case of 
groll ndwarcr discharge, 

A program me of act ivitics in four cou n­
tries orthe Southeast Asian Region was ap­
proveu as Core Research ar rhe Fourth Sci­
entific Steering Committee meetinghcld in 
the Philippines. Executed by coastal zone 
rcsearchcrs on the staff ()f four institution s 
in the region, this is a collaborative pro­
gramme funded by rhe Netherlands fOUll­

dation for dlcAlivancemenr of Tropical Rc­
search th rough theSolltheastAsian Regional 
Committee for S'l 'ART (SARCS) and co­
ordinated by the LOICZ Core Project Of­
fice on behalf of the LOTCZ-SSC. 'rhc re­
search objectives are primari ly focused on 
socia l and economic i m pacts of glob ,I I ch ange 
in coastal systems (LOICZ Focus 4) bur 
involve quantific'lrion ofland-occan fl uxes 
and modelling ( Foctls l)and the role ofhiota 
in coasta l geomorphology (F oellS 2). 

'1'0 provide Cl framework for future na­
t ional and regional research , and to ensure 
that uata generated through such research 
are comparab lc and compatible, rwo sets of 
gll idel i nes arc cu rren tly under ueveiopmcn ( 
through r ,01 CZ. 'fhc fi rst of these, gll ide­
lines for coastal rcsources assessment arc 
nea ring completion and lay our the alterna­
tive methods \vhichcan I)eapplied in LOTCZ 
research concerned with cconol11icanalyses 
of pressures driving change in coasta I arcas. 
'1 'he second setof gllidel ines, currentl y 1111-

del' development by a consorti ulll of 
LOTCZ-SSC members concern coaswl 
modc llingto be lIscd in dcvelopillgdiffcrcllt 
formsofcoastal modelsofcarbon and major 
nutrients for coasta l areas, Anothcrcompo­
nent of this framework, the T J01CZ data 
system plan is underactivedevclopmcll( in 
collaborarion with the TGBP-DIS. " ' hen 
completed rh is will document thc expecta­
tions of the LOJCZ projcct and its compo­
nent researchers in terms of data compila­
tion , management, access and exchange. 



The report of the ad hoc.lointJGOFS/ 
f .. OICZ '1 'ask Team was published in 1994 

and subsequently a Joint Task Team was 
established, charged with developing a 
strategy for Continental rVIargin Studies 
which form the major point of interface 
between these two Core Projects. Proce­
dures for the submission of national and 
regional research arc being finalised and 
despatched to the National IGBr and 
LOICZ committees. Execution of such 
research will commcnce in 1996, At the 
present time f .. OICZ is establishing a firm 
basis on which to build future activities, 
This foundation, in terms of initial net­
works, researchers and activities will be in 
place by the end of th is year and full scale 
execution of project activities is envisaged 
over the subsequent biennium. 

The Future Path 
'1 'he physical and biological heterogeneicyof 
the world's coastlines, combined with the 
variety of social, cultural, and economic con­
ditions driving change in these areas, results 
in ~I complex interplay of processes such that 
conditions and the ensuing dynamic equi­
librium in anyone area of the world's coast 
can be considered unique. Oevclopingmod­
eIs, scenarios and syntheses that allow a \vid­
er spatial ortemp()ral view of these dynamic 
systems is a significant scientific challenge. 
In order to develop regional and global syn­
theses ofanysinglc flux from land to ocean 
(sediments, freshwater, or nutrients for ex­
ample) this diversity of natural and. human 
conditions must be filtcred in sllch a way 
that the dominan t factors controll i ng present 
tluxescan be identified, and quantified. '1 'he 
effects of global ch,-mge on these fa.clOrs, 
whether positive or negative, mllstthen be 
determined if future conditions arc to be 
adequately described via scenarios, or built 
into more dynamic models for producing 
forecasts. 

Developing fully predictive models of 
the dynamics of coastal systems, which 
adequately incorporate even the dominant 
natural science components of such sys­
tems, is probahly not possible within the 
life-span of f .. OICZ. 'l'he development of 
fully coupled models describing the dy­
namics of the Datural and human environ­
ment of coastal areas also requires a signif­
icant investment of intellectual and 
financial resources, resources that are un­
likely to bemade available to thc project in 
a co-ordinated manner. Nevertheless, sig­
nificantadvances towards these longer term 
goals can be made. 

In the short term, regional and global 
syntheses of existing empirical data can be 
produced to provide a basis for expansion 
of the temporal and spatial scale ofvarious 
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types of coastal models. Catchment basin 
models that adequately describe the driv­
ing forces controlling discharge from carch­
ments of different types to the coastal 
ocean can be constructed, allowing extrap­
olation from catchments of known to un­
known characteristics, Once fully validat­
ed, coastal ocean carbon budgets and flow 
models, can be used in conjunction ,vith 
the coastal typology to provide better esti­
mates of the role of the coastal ocean in the 
glob-al carbon cycle. 

The majority of the work of the Core 
Projects to date has been undertaken 
through national research activities co-or­
dinated bytheCPO'sand SSC's. Reseal"Ch 
results arc compiled, data exchanged and 
regional and global syntheses produced, 
which assist in clarifying thc scientific un­
certainties surrounding differcnt aspects 
of Global Change and thc functioning of 
the Earth system. As noted in the LOICZ 
Implementation Plan, LOICZ is a project 
that addresses the effects of cumulative 
changes to the world's coastal zones, the 
effect of these changes on the functioning 
of the earth system as a .. vhole, and on the 
l-Iuman populations of coastal areas. The 
complexity of the project in terms of the 
scientific isslles and uncertainties which 
need to be addressed in achieving the 
LOICZ goals will necessitate meticulous 

compilation and analysis of data from indi­
vidual, national and regional studies. 

·Whilst LOICZ must, understandably, 
invest considerable effort during the ini­
tial phases of its development in the sci­
ence and hence the understanding of the 
dynamic processes occurring in the coast::ll 
zones of the world, linking with the other 
elemcnts of the IGBP must be seen as a 
pressing need at the programmatic level if 
IGBP is to achieve its own overall goals 
and objectives, Integrating LOICZ issues 
with those of the other Core Projects will 
not be easy. :t\,Iany of the scientific (llles­
tions and issues that arc part of LOICZ 
goals and objectives relate to solving land­
ocean flux problems in the horizontal plane, 
In contrast, .lGOFS modelling of carbon 
and BAITC modelling of 'water for exam­
ple, have in the past, largely concentrated 
on the vertical component of flux, Resolv­
ing these apparent incompatibilities 
presents a significant intellectual challenge 
to the IGRP, It is achallen,e;e paralleled by 
that ofLOICZ in integrating research over 
a wide range of natural science disciplines 
and attempting to integrate such research 
with that of the social sciences, 

John Pernetta, LOICZ Core Project Director, 
Netherlands Institute for Sea Research, PO Box 
59, NL-1790 AB Den Burg, T exe/, The Nether­
lands. Fox: (+ 31) 1220 69430,. E-mail: 
IOicz@nioz.nl 

LOICZ Research Goals For The Future 

The LOICZ Science and Implementation Plans identify the long~term goals of lOICZ as 

(I) To determine at global and regional scales: 

(a) the f1uxes of materials between land, sea and atmosphere through the coastal zone 

b) the capacity of coastal systems to transform and store particulate and dissolve matter, 
and 

c) the effects of changes in external forcing condftions on the structure and functioning 
of coastal ecosystems. 

(li) To determine how changes in land use, climate, sea level and human activities in the 
coastal zone alter the flux and retention of particulate matter, and affect coastal 
morphodynamics. 

(Hi) To determine how changes in coastal systems, including responses to varying terrestrial 
and oceanic inputs of organic matter arid nutrients, will affect the global carbon cycle and the 
trace gas composition of the atmosphere. 

(Iv) To assess how the responses of coastal systems to global change will affect the habitation 
and usage by humans of coastal environments, and to develop further the scientific and socio­
economic bases for the integrated management of the coastal environment. 

To achieve these long-term goals three types of basic scientific research are required concerning 
key aspects of coastal system dynamiCS: 

(i) Intensive process studies and related models designed to achieve an understanding of 
how coastal systems behave With respect to changing environmental conditfons 

(ii) The acquisition of extensive observational data for key environmental parameters to es~ 
tablish the Significance of coastal processes in determining the global distribution of those 
parameters 

(iii) Simulation (\Od prognostic modelling of coastal systems in order to simulate and forecast 
over a range of space and time scales the effects of global change on the land ocean interface. 
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Overview of the Joint Global Ocean Flux Study 

The JGOFS Srimce PlaJl fl!'flS published ill 
1990 will! (I goal (11Id objet1ivt:.r re/a! illR /0 CO) 
fllld biogeod/elJliad rydes. 'l'hese fJJeFf: J!(!J'= 

IVf!!JCt! ill/he IlIJp/CIIICJlfflfio/l Plall (JGEP Re­
pOll No. 23, 1992) to aJIII.'I!II/,Y/le 011 CO J wirh 
star/ies ()II other eleJllellts ollly ill.wlo/' a~\' Ihey 
af/ecl Ihe IIl1ders!tflltli"K of processes of co J 

Jlllxes belfJ!)tell flllllosphere, IIpper orum (11/;/ 
deep oalll/. This 11tI.\' helped {o joms lGOPS 
flctivities. 

Scientific Highlights 

JGO r S has sti mlllated imernational co­
operation that wou ld orhc rwisc nor have 
mx; urrcd. Some exa mples include: 

N orth A tlantic Bloom EA'penment 
rol lowing the "green carper as it unrolLs 
nOl'[hWHrtis" froll1io w (0 high larirucics with 
the cOining of spring was an im ponant ini­
t ia l Joors activity wh ic h stimulated the 
dcvclopment<lnd publ ication ofa secofpro­
mcols for observing the ocean . JGOFS pro­
vided [heeD-ord ina tion thata llowed multi­
sh ip inrer-ca li bration exercises (0 mke place 
resu lting in new in tcrnational srandardsand 
method protocols beingcsmhlished.' I 'he fact 
th::I[ the spring b loom sedime nrs our in <l 

rapid event that ca n be dctec ted in bottom 
sed imenrs is a s ignificant find ing. Furth e r 
work is pl an ned in a second phase of North 
Atlanti c activity from 1 Y97-2000 to study 
seasona l changes in both the formation of 
North AthllHic Dcep \Vater at high lati­
tI ldes, and biologica l and chc m ica I COl ex­
changc proccsses. 

rl'ime Series stations 
The Bermuda (BA' I '5) and [law.; ; (HO' I 'S) 

timeserics sta tions have provided an inva lu­
able time series of ohse rvat ions relevant to 

.J GOF'S with w hich tocl.llibratc models. '-I'he 
BATS dara, for exa mple, have shown that a 
large part of carboll transport out of the 
p horic zone is by seasona l mixing of refrac­
to ry dissolved organ ic ca rbon down in to 
deepe rw::lter. Thedcvel()pment and testing 
of new high tem pcraturccar.al yti eox iuation 
tcchni<llles for measuring dissolved organic 
ca rbon W,IS due to JGOrS st imula tion and 
needs in th is area. 

EquulOI·ial Pacific Study 
' l 'hi s stud y was planned because of the vast 
a rea of up we lling tltatoecurs in the Equaro­
rial Pac ific, with accompa nyingoutgass ing 
afCO

l
, and the important ro le of E NSO 
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(El N ino Southern Osci ll ation) in these 
processes. Ini t ia l results confirm the im­
porta nce of ENSO in affecting ratcs of 
p rimary product ion and CO, tlux in the 
Equatoria l Pac ifi c, and they -confirm the 
Be rmuda tindings of dissolved orga n i cca r~ 

bon bei ng a n important component of car­
bon nux out of the p hotic zone, F ur(her­
more, the High N ut rient l ,ow Chlorop hyl1 
(lI NLC) paradox of the region has g iven 
ri se ro the first huge scale in s iw I ro n 
r erri lizL1tion Experiment, with JG OF'S 
partic ipat ion. T h is experiment showed 
enhanced prim.lfY production with iron 
fcrti lii',a tion , but the q ues tion of altercd 
rates of CO.

t 
nux remains unrcsolved ow­

ing to subduct ion of {he ferri lizcd \vater 
mass. 

Sou t hern Ocean: 
'fh c first phase of the JGOPS Somhern 
Ocean study (1 YY 1- 1995) pura new uni ryof 
pllfpose in to var ious na t ional Antarctic rc­

search plans, as they rc -orie ntated previous­
ly- pl an ned cru ises to mcet JGOf'S objec­
tives. T he huger ships used in thi s region 
have permitted moreexeh;mgesof scientists 
(h an in other areas ::lntl many s hips have 
::lccommodH ted scientists from m hercoun­
cries, promoting close internationa l colhtb­
oration. Preli minary rcsults have bcen excit­
ing and unexpccted: the mosaic of watcr 
masses, fron (S, seasonally moving marginal 
icc zones, and areas of suhduetio n and up­
well ing ha vc been intensivelystudieu from 
a ca rbon flu)( angle. ' l' he first wi nter mcas­
urements o f primary production and car­
bon flu x have been made in the So uthe rn 
O ccan, anu [he I3ri tish res ul ts of 1992-3 
suggest that in the areas encom passed by 
the ir c rui ses, rhe Southe rn Ocean was a 
netsi nk fmeO!. whercl.lssu mmerocean ic 
conditions were expected to provide a ne t 
source in the Southern Ocean. Thcsouth­
c rn SUlllme r of 1992-3 \V"IS an anomalous 
year. howe ver (post-P i natubo eruption, El 
Niiio) and ir re mai ns to be seen w hccher 
chese resu lts mt:: rhe norm or not. 

A l'ubiall Sea 
This region was chose n because of the 
m ass ive seasonal changes in llpwel1ing 
caused by rnonsoonal reversals of w in d 
;:tIld c urrent. This had heen dramatica ll y 
demonstrated by the Nimbus O cea n Col­
Oll r sate llite images, and unfortunately the 

de layed launch ofSe,I \ViFS has hampered 
the work ill [his region. Earl y ohse rvation s 
confil"ll1 thac NOJ. ri ch wa ters thro ugho ut 
the study region during the N E Illonsoon 
in Jan ua ry were depleted by l'vlarch-April, 
with oligorrophic condit ions preva iling 
tl uring the mosr recenrcruiscs. T h l iS prom­
ising in itial res tllts were prescnted at dlc 
Vil lefra nche Symposi um. 

Contine nhll Maq.~ins 
Th is joint work w ith I,O ICZ is only JUSt 
ge[[i ng olT the ground, bllt has served [he 
purposc of gc[[ing many new cO llntries, 
w hich are ullable wgctsignificanr funding 
for "blue wmer" research, involved in 
.I GOFS. Thus sc ient ists in Taiwan, Chile 
antl South Africa, for exa mple, have tai lored 
their natjonal research program mcs to 

.I GO FS objec ti ves. Th is work is sr.imularcd 
by the i 111 porta nce of con [j nen tal shelves a nd 
slopes:ls regions of en hanced prima ry pro­
duction and mass ivc ca rbon sedimentation, 

<lnd rhe need WS[\I(.lythedynamicsof co<ls r­
a lu pwe l1 ing:1s both a SOllrce and a s ink for 
COr It seclll s frolll in iti<ll models (h a( the 
interva ls betwee n and du ration ofup wclling 
pll lses. and rhe degree ofsuilsequen ( s(rat i­
IiCl:Hion IH C in"lporca nr facto rs in assess ing 
rhe relative importance () f o lltgassing and 
h iologica lllpwke ofCO~. FUlTherwork o n 
estuaries , cross-shelf transport, and other 
<ls pec[s of ca rbon flux arc being p lan ned for 
eoncincnta lmarg ins. 

.I 00FS has invo lved ph ysical occa­
nographe rs, chc lll is[s, geoche mists and bi ­
ologists in pl an ning and executing its re ­
sea rch . These sc ientists wo uld probably 
not a ll h,:l\Ie co-operated without JGOrs. 
The discip lines have b ro ug ht w ith them a 
range or techn iq ues ranging from stable­
isoropc::lJld radio- isotope methods, (() phys­
io logical llp ra ke expcrime nts, to sedime nt 
traps, s,l[e ll itc remote sensing and ocean 
optics. IVlodels ra nge from gcochcm ical 
box models to ecologica l models and to 

cou pled ecologica l 3-D ocean gene ra l c ir­
Cll la tion models. T he resulting interaction 
has p romoted vigorO Ll S and healthy d ebate 
on issues sll ch as the re lative importa nce of 
phys ica l, chemical and biological process­
es in e,lrbon flu x on scales rang ing from the 
thermoha li ne c irculation to coastal up­
welling . .lGO rS has caused scient ists to 

view a ra nge of processes in ve ry differen t 
ocea n regions from the common perspec-



[I , 

tive of carbon flux. I believc (h 'H as a 
result1 there have been paradigm shifts in 
arellS such as unde rstanding rhe role of 
lIissolved organic ca rbon, in the impor­
tance of phys ical processes wh ich drivc 
the "biological pump" .. lnd in the " iron 
hypothesis" in high nmricnt-Iow chloro­
phyll regions. These ideas are now being 
tested fur the r as hypochescs in the next 
phase of JGOFS. Many scicntists have 
been stimu lated CO work on JGO FS sci­
ence as a res ult of the excitcment it has 
generated. 

L inks to other IGBP COI-e P rojects 
jGOFS h"ls had good links with O(he r ma­
rineCore Projects, or those being planned. 
A J GO FS seien ti fie steeri ng com mi [[ee rep­
rescmativc was on the Core Project Plan­
ning Commictees for both Land-Ocean In­
te nlctions in the Coastal Zone and Global 
Ocean Ecosystem Dynamics. JGOf.'S is 
also heavi ly involved in plan ning fo r a po­
tential successor projec t, tentat ively cal led 
the Global Ocea n Euphotic Zonc Stully 
which would link upperocea n physics and 
biology usingGlohal Ocean ObservingSys­
tem technology [0 understa nd and prcd ict 
c1imatc and wC<lchcr p<lttern .s. T here has 
bee n good collaboration with thc I nterna~ 
tional Global Atmospheric Chemistry 
project in the Biogcochcmica l Ocean-At­
mo.s p here 'T'ransfers workshop (BOAT) and 
with IGB P-D IS in compilingaglobal data­
base ofCOl lllcastlremeIlts. Alrhough [here 
h<ls been little initial marine activity in rhe 
IGBP rask forcc for global analys is, inter­
pretation and modell ing (GAlM), some 
marine mode lle rs wi th lGOFS links have 
been involved with this task fo rccand more 
JGOFS links are planned. T here has becn 
on ly limited contact with the Core Project 
on Past Global Changes (PAGES) hither­
to, bur more is envisaged with the new 
l!vlAGES resea rch initia ti vc organised 
jointly by the Sciemific Committee on 
Ocea nic Reea rch anti PAGES. New mu l­
ti -ship work in the North Atlantic (1997-
2(00) is be ing planned jointly with thc 
potentia l Core Project, Global Ocean Eco­
system Dynamics. 

We have co-operated well with thc 
\"'orld Ocea n Circulation Experiment, in 
the World Hydrogra phic P rogf<lT1lme­
.TGors C0 1 survey in wh ich ships work­
ing on the ocean cireularion experiment 
have had lltleastone be rth fo rCOz mcasu[c­
ments. Th is survey orco

l 
provides exten­

sive3-D global ocean cover tocomplcment 
the in tensive rcgional process and ti me .se­
ries studies on one hand and thc s(lte ll iw 
rcmote se ns i ng of the ocean su rface on the 
other. 'I 'hePancl sponsored by JOOFS joint­
ly wieh the I nte rgovertlmentai Oce.Jno­
graphic Commission is strongly in volved in 
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the COl survey and has published a hand­
book of analytical pro[Qcols to measure 
carbon compounds in sea water. le organ­
isetl the 1994 internation:J I inter·ca libra­
tion exercise to measure pCO

l 
at sea. An 

Atlantic clllwbase for p(;O, field data is 
bei ng esta blished in confullctio n with 
IGB P-D1S and this is heingexpandcd to a 
global COz database undcr the supe rvi­
sion of a sub-comm ittee of the CO l,ane l , . 

These activ ities of the Panel are centra l to 

onc major goa l uf ]GOFS: to quantify the 
ca pacity of the oceans to absorb atmos­
pheric CO,. 

JGOFS has estHblished links with the 
Globa l Ocean Observing System through 
severa l individua ls associated withjGOFS 
servi ng on the observi ng sys tem commit­
tees. Nevertheless, there is a genera l feel­
inga mongst the jGOFS scient ificstcering 
cOlllmittee that JGOFS shoul d have Illore 
direct a nd forma l links with thc Global 
Ocea n Observing Systcm. For example, 
we should be asked to comment on pro­
posals or co submit proposa ls with plenty 
of lead time to enable mcaningful d iscus­
sion to rake place the scienti fi c steering 
committee, or to sCt up special sub-com ­
mittees for this purpose. 

Links to Nationa1 Research Progl'UllUlles 
These arc generally informal through 
J GO FS scien ti fie steering cam m ittee mcm­
hers and other science leadcrs also serving 
on Nationa l (;ommiuees. ThcChairofthe 
JGOFS scientific steering committce and 
other comminee members are freq uently 
asked to review proposa ls to national com­
mittecs for fundin g. T his informa l mecha­
nism appears to work, in that mos t major 
national programmes provide importa nt 
input to the ovcra ll .I GOrS effort and thcse 
efforts have been fa irl y well co-ordi nated. 
T he publ icat ion of prorocols for ]GO FS 
mcasurem entS has hclped maintain stand­
ards and compatibi lity of data amongst the 
national programmes. Another more for-

mal mechan ism is that C hairs of National 
Committees are always invited to stee ri ng 
comm ittee meeting.s, anti there are usually 
several non-steeri ng committee members 
p resent as a result of these invita tions. Sev­
cra l such indi vid uals 1l<lve late r been invited 
to join the leading body of JG(WS. The 
publ ication of JOOPS "'""hire Reports" has 
also greatly ass isted national program mes in 
ta iloring the ir act ivities to jGOFS. 

J GOFS Legacy 

As scated in rhe I mplcl11Cntation P lan , 
j GOFS plans to leave .1 legacy for marine 
Globa l C hange research after thc JGOFS 
sunset date in 200.1. Thi.s legacy includes: 
• an asse.ssmenr of large-sca le carbon nux­

es, obrained from a grcatl y increascd net­
work of observat ion.s 

• Cl SCt of mode ls that express our under­
standing of processes con m Jlling large­
sca le cmbon fluxes 

• a procedure for observing the ocean in a 
rnutinc, synoptic manner co detectchang­
es in the occa n carbon cycle in rcsponse 
to cl imate change 

• a well cared-for dat,l set comprising ob­
servations made to sta ndard protocols 
and a sys tem for making subsets ofrhese 
data eas il y available to researchers 

• knowledge and unde rstanding of tluxes 
across conrinel1talmargins to provide re­
liable boundary conditions for global 
ocean mode ls 

• an increased number of countric.s with an 
intercs t <l nd ski ll in jGOFS·type activ i­
ties and making appropriate measure­
mcnts and global scale infercnccs. 

John Field, Zoology Department, University of 
Cape Town, 7700 Rondebosch, Cape Town, South 
Africa, Fax: (+27-21) 650 3726, E-mail: 
jgfseld@uchthpx.uctoc.zo 

Picture of Research Vessel courtesy of Sea Tech­
nology, Compass Publications, USA 
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Coral Records Offer Long-Term Perspective 
on Tropical Climate Systems 

Julia E. Cole, Dept. of Geological Sciences, University of Colorado, Boulder CO, USA 

Robert B. Dunbar, Dept. of Geology and Geophysics, Rice University, Houston TX, USA 

limate variabili ty in the tropics has 
important consequences forclimate world­
wide. Coupled ocean-atmosphere systems 
origin ating at low latitudes have global 
impacts on climate and society: rhe El 
N iiio SourhernOscillaciol1 (ENSO ) in­
cludes a far-reaching sys tem of celecon­
necred cl imate anomalies, and bill ions of 
people li ve in cou nuies where rhe Asia n 
ami African monsoons govern food sup­
plies. Our current insights into tropica l 
climate variability, includi ng our srate-of­
the-art predictive IT'IOclc ls, are based on an 
understanding gai ned from instrumental 
reco rds that rarely span more th an the past 
severa l decades. Yet most climate systems 
appear to contain sign ificanr decadal-cen­
teonial as well as interannual modes of 
variabi lity. Such a long-term mode has 
on ly receIHly been identified from insuu­
mental data for ENSO, follow ing nearly 
two decades of anomalolls conditions in 
the Pacific. Understanding rhe long-term 
dynamics of the tropical ocean-atmosphere 
is a critical prerequisite to predicti ng fu­
ture changes. 

Coral records 
of past tropical variability 

Instrumemal records limi ted to rhe past 
few decades ca nnot provide dle insight 
needed to characterize long-term climate 
var iabi lity full y. T o understand the natu­
ra l range of hehavior and sensitivity of 
tropica l systems, we must rap the informa­
tion preserved in high-resolu tion pl:lleocl i­
macic archives from the tropics. Recent 
p<l leoclimacic studies on long-li ved corals 
have demonstrated that these records of­
fer a high-quality sourcc of information on 
subseasonal cl imate varia bili ty that ca n 
span several centuries. Also promising is 
the deve lopment of floating subseasonal­
annllal records from fossi l cora ls recovered 
from recfcores. Such corals can be dated to 

an accuracy of 11 % and offer potential 
"windows" onto seasonal-centennial va ri­
ability du ring the past one to few hundred 
millennia. 

The massive scieractinia n corals pri-
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The study of corals is part of PAGES core research to answer 
questions on Past Global Changes 

marily lIsed for recent paleociima ric re­
construction can reach 200-800 yea rs in 
age and seve~al mete rs in diamete r. These 
very large corals usually grow in (a nd thus 
provide records of) the uppermost 10-20m 
of the ocean. Annual dens ity bands and/o r 
geochcmical varia tions offe r a strong basis 
for precise geochronology at most sites. 
Because the coral skelewn grows outward 
at a rate that can reach 2 cm/yr, millimeter­
sca le sa mpling of the skeleton enables 
resolu tion of subseasonal phe nomena. 

The aragonitic (calci um carbonate) 
ske leton incorporates many geochemical 
tracers of speci fi c surface ocean parame­
te rs, including temperature, sa lini ty, and 
nutrient content. The isotopic content of 
skele tal carbonate and the skeletal trace 
metal content have proven especial ly lIse­
ful in rrac ingpastsurfaceocean variability. 
Growth parameters (e.g. thickness of an­
nual density bands) also hold promise for 
providing environmental reconstructions. 

Records of cora l skeletal radiocarhon, re­
flecting the radiocarhon content of local 
watcr masscs, offer one of the few means 
to reconstruct seasonal-centennial va ri a­
bi li ty in ocean circulation. T he multivari­
ate archivc of cl imat ic information availa­
ble from corals thus holds great promise for 
expanding ou r knowledge of the natu ral 
va riability in many aspects of the trop ical 
ocean-atmosphere. This new baseline of 
information will provide a key test for 
numerical models that seek to predict th e 
evolution of tropica l systems. 

Regional coral records 

Ongoing research efforts in many coun­
tries seek to extend th e record oftrop ical 
cl ima te variability lI sing cora ls. Significant 
addit ional effort is being directed at the 
refinement of calibrat ions for geochemical 
and growth-related tracers. Coral records 
are JUSt heginning to play a ro le in ullder-



standing tropical ocean dynamics, but they 
offer perhaps the only means by vvhich we 
can extend our perspective back over the 
past centuries to characterize the natural 
variability of the marine tropics. 

The tropical Pacific has seen perhaps 
the most intensive coral paleoclimatic ef­
fans, motivated largely by the drive to 

understand long-term ENSO variability. 
New coral records from the equatorial Pa­
cific reveal previously unrecognized shifts 
in the seasonal cycle of the tropical Pacific 
over the past century and in the intcrannu­
al variability associated "vith ENSO over 
the past 4 centuries. In the eastern Pacific, 
a suite of coral records suggests that dec­
adal shifts in ENSO-related SST's may be 
coupled to long-term displacements of the 
Intertropical Convergence Zone (ITCZ; 
Dun bar et al. 1995). In the western Pacific, 
recent increases in rainfall associated with 
a Pacific-wide shift in the late 1970's ap­
pear unprecedented overthe past 100years 
(Cole et al. 1993). The existence of such 
decadal variability in ENSO is only begin­
ning to be acknowledged from limited 
instrumental data, Coral records can thus 
document the degree to which recent 
changes are unprecedented and the be­
havior of the decadal-centennial modes of 
ENSO through time, 

Along the Great Barrier Reef, paleocli­
matic studies using long-lived corals have 
identified past changes in river discharge 
linked to ENSO (Isdale 1984) and modes 
of long-term temperature variability con­
sistent with tree-ring evidence (Cook 
1995), A radiocarbon record from a Great 
Barrier Reef coral indicates decadally var­
ying circulation changes that may provide 
an intermittent connection with the east­
ern Pacific and ENSO (Druffel and Griffin 
199.1). 

In the tropical Atlantic and Indian 
oceans, new coral records demonstrate the 
potential to address questions related to 
the role of the tropical ocean in generating 
rainfall extremes on adjacent continents. 
In the Atlantic, tropical SSTanomalies on 
either side of the equator arc linked to 

drought in Brazil and in Subsaharan Africa. 
In the Indian Ocean, strong seasonality in 
many parameters results from the Asian/ 
African monsoon, and the tropical ocean 
itself may drive interannual variations in 
monsoon intensity. In both regions, short 
coral records demonstrate the ability to 
track regional variability in surface ocean 
temperature and/or rainfall. Variability in 
the tropical Atlantic and Indian Oceans 
may also he coupled to changes in the 
Pacific: the Atlantic responds to strong 
ENSO extremes, and both precursory and 
responding roles have been postulated for 
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X~radiograph of the top section of a coral core 
from Malindi National Marine Park, Kenya. 
Distinct annual density bands such as those in 
this coral provide accurate annual chronologies 
for many coral studies; this core is dearly 
banded over its 200-yr length, Numbers along 
left side indicate scale in centimeters. 

the Indian Ocean with respect to ENSO. 
In both the Indian and Atlantic tropical 
oceans, our understanding of seasonal­
multidecadal variability is relatively poor 
and would benefit from a long-term analy­
sis involving pr/)xy records. 

ARTS: A PAGES focus on 
tropical climate variability 

Within the IGIlP. a new PAGES activity 
has been approved that focuses on devel­
oping and synthesizing reconstructions of 
tropical ocean-atmosphere variability. 
Goals of the Annual Records of Tropical 
Systems (ARTS) program include the de­
velopment of high -quality reconstructions 
of past tropical variability and the integra­
tion of these records with instrumental 
and modeling studies such as those recom­
mended and supported under the CLI­
VAR (Climate Variability and Predictabil­
ity) initiative of the WCRP (World Climate 
Research Programme), An organizational 
ARTS workshop will rake place in early 
1995. 

The ARTS activity will include 
proxy records contrihuting insight to sea­
:onal-inte~annnLlal variability in the trop­
ICS, espeCially those showing how such 
variability changes over decade-century 
scales. Climate reconstructions from cor­
als are expected to form the backbone of 
this effort, due to their broad distribution 
in the tropical oceans, their high-fidelity 
climate reconstructions, and their chrono­
logical precision. ARTS will also incorpo­
rate the available tree-ring and ice core 
reconstructions from tropical latitudes and 
the active participation of tropical clima­
tologists and climate modeJers, Integrat­
ing the climatic information available in 
proxy records with the observational and 
modeling approaches offers a synergistic 
path towards a predictive understanding 
oflong-term variability in tropical climate. 
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Note: 
Further information on ARTS activities 
can be requested from the organizers: J ulia 
Cole, University of Colorado (Email 
coleje@spot.eolorado,edu) and Robert 
Dunbar, Rice University (Email 
dunbar@rice.edu). 

The World Data Centre-A for Palaeocli­
matology, established by the NOAA Na­
tional Geophysical Data Center, Boulder, 
Colorado is closely tied with the PAST 
Global Changes project, with much more 
information on corals, This \VDC works 
closely with scientists to prepare their data 
for use in the public domain. The 'vVeb site: 
http://www.ngdc.noaa.govlpa/eolpaleo.html 
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People and Places 

Fellows announced at the 
American Geophysical Union 

On August 22 rhe I\G U congratuhltcd rhe 
thircy- three distinguished scie ntists who 
were selected by a commi((ce of their 
peers CO become AG U p c llows in 1995. 
This se lection was based on rhe indi vidu­
ab ' attain me ntof acknowledged emi nem:e 
in a branch of geophys ics. 

The numbe r of Fe llows selected an­
nually is limite d w no more than O. t % of 
the AGU membership. 

J\mongsuhe new Fe llows isAnn Hend­
e rson-Selle rs, me mbe r of rhe Scie ntific 
COlllm ittee for the TGBP. She was select­
ed fo r leadership and extensive and crea­
ti ve resea rch accompiishmc l1[s on a wide 
nm gc of climate sys tem topics. 
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A recent modelling workshop in Beijing 

JGOFS participants at the Fourth International COl 
Conference in Carqueiranne. France 

At the Core Project 
Officers Meeting at the 
Royal Swedish Academy 
of Sciences in Stockholm 



Open Science Meetings 

9- 14 October 199:;, Ueijjn~. C hina 
WfvlO/lGAC Confere nce on th e l."lc;lsllrcmcnt and 
AsscssmclH of Atmospheric Com position Chan~c. 
' r h ird scie nce confcrenccof [he I ntcrnationai Gloha l 
Atmos pheric Chemistry Project (I GAC).)oh" illille/~ 
EIIV;I"OIIIIII'II/ /)iviJ'ioll, ANI':}', IValld illell'orologico/ 
Ol'glllliJlf/iOI/, 41 Avt'. Gill.ff!/JPdllollll, ell-f2lf Gmt:­

f)fI 2, Swil:ur/flllt!. Fflx: (+41-22) 7400984, 1<:-lIIoil:. 
joltIHllil/()II,milllfl@illl.rh 

220ClObcl' 199:;, Bcijing, C hina 
lCSU Globnl Change I,'orum on Earth System Rc­

search 

23-27 Oclooel" 1995, Beijing, C hina 
SAC IV: Th t: Fourth ScicmificAdvisory Council for 

£1ll:: IGHP 
IG'RI'S«mllfitl/, Box StJOOS, 8-/04 OSSlockho/lII, SWt'­
rim. Fllx: (+46-8) 1664 OS, 1~:-III(Jil: sd;gbp.l:vn.u. 

30Qetohcl,-4 November, 1995, Ncw Ddhi, India 
Asian Workshop & Traini ng Coursc= Iln tvleasllfc­
mcm Techniqucs and Im'enwrics of Greenhouse 
Gases 

16- 17 Novcmher. 1995. Zurich, Switzerland 
IGHP/BAHC ProClim-A lpen Forulll Symposium. 
' I'he Role ofthc ll ydrolo~iea l Cycle in IIv lollntain E(;. 
osystellls. /'mClim- PontllJ for Clillltlle amI Global 

Challge. Sw)isJ' .4((1r/t'lII)' fl SdeJICt'.f, lliircl1plalz 2, CH-
3011 1/(1"11, Sr"ilzed(1ll(l. 'I'd: (+41-31)31221 14, 1'0.1': 

(+41·31) 312 ,~.'i 37, F.-lIlf1il:prodim@Sallw.flllibuh 

28 NnvcI11IJel'.1 Deeembel', 1995, T sukuba , 
Japa n , Opcn Mcctin.lt Oil the IG BP Northern 
Elwasia Study 
DrGelllllolfe, J/earl ofGlobol ll'anllillJ( Reset/reil Tenlll, 
Nntiollal/Jw illfle for F.llvi f'lJlfIIlellfnl ji"riies, J 1I {Jtlll RJ/­
vimllllJ,,"t AgellC)', 16·2, OIlO/!,tlr.!·lI, T~lfhrllO, Ibortlh 
305, JAPAN, r eI: (+81·298) 51-6111, PlIX: (+8/ -298) 

51-4732, t:lllo;l: ill()If'f(t'II@"i~.goip 

8 Decembc,', 1995, Hem, Switzerland 
Cli ma(cCIHln,l!:e: The IPCCSeeond Assessmen t Rc· 
POrt. PmClilll ·FOI1lI11 fur Clilllale IlIId Globo! Chrlllge, 
Swiss Amdml)'ofSc;(JlCfS, 8lfrtllplalz2, CH·30/ I Hem, 

Swil:l:ednllll. Tr/: (+41 ·.11) .112 21 14, Fax: (+41 ·31) 
.1125537, H·moi!: proC/illl@ftllIW.I",ill(,ch 

29 JllIltHwy-l P'cbruilI'Y, 1996, Amsterdam, 
T he Ncth ed und s 
l,'irsrOpcll Scicnce rvleeringofLanu {Jse :]nd Cover 
Change (I ,UCC) 
Thc Royal Dutch AcademyofSciellces, ' rrippenhu is, 
Al1lsteroalll 
I ,Olli.ft! Fl'esro (t lVi' uelllfllls, Depal1l11t'l1t of AgIVIIO­

lilY, p.a. Rox 341, 6700MllIIogellillgtll, Tht' Nether· 
IlJllds, Td:(+J I) 837() 83040, Ftlx:(+31) 8370 84575, 

E·mail: IfIf:C@Scc.lJgl'o.f.r(1lull 

17-21.lune 1996, Wnshinglon DC, USA. 
GEWEX: Second International Scier1tifie Confer­
ence on the Global Encrgy and WaterCyd e Exper­
iment, at the US Nat ional Academy of Sciences. 
Scientific imerests involve th e cli m;lte feedback 
associated with clouds, rad iation. and the hydrologic 
proceSSes. Papers invited. COlltnct: GldVE)( PlVjecl 

Office, 409 'l'hirdS/rutSW, SlIile 20.1, ll'Rshilfgloll, DC, 
20024, USA. 

26-30 August 1996, H elsinl<i, Fi nlrilnd 
Fourteenth International Conferenct:: on Nuclea­
tion and Atmospheric Aerosols. lV!. Kulmala, De­
panmenrofPhysics, UniversityorHdsinki, PO Box 
9, F IN-00014, Helsinki, Finland. 
TcI: (+358-0) 191 8308, f<ax: (+358-0) lYI B6BO, 
kulmala@phcu.helsinki.fi 
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2·6 Occernb~,' 1996, Melbourne, A us tralia 
First SP J\ RC General Assembly (SU3tospberic P roc­
esses and their Rulc in Clim~ne). O:l\'id Karoly, 
SPARC 96, CRC for S I-I i\ lc teorology, RIg 70, 
i\dol1<1sh t Jniversiry, Clayton, VIC 3168, Austmlia. 
E·mail: sparcl)(~·urtex.shlll.mnnash.edu.all 

Publications -----
IGllPHepOl1:No.34 
BAII C- IG AC-GCTF. Scie nce Task Team. Report 
or First Meering, rvlassachusctts Institute of' I'ech· 
nology, Camhridge, rvlassachusetts.LJSA, 10- 12}an­
uary, 1994 (1995). Sttl(:kholm: IGBP, 4S pp. 
'/'hI' j'cieJI(( 1'(1si' Tealll disCl/sstd olld 1Ievt:loped let:OlII­

IIImill/tioNS for lIIulti·Con: Pm/eC! col/abort/li(JII withi" 
Ihe f(/BP fll/&r IIII}!e hMdiJlgs: prw:e.r.r .f/lldies ill len}!s­

trial moiromllmls, i 1I1t'XlYlletllI/odtllillK ejftH1.f, 1I11d pm1-
IIt'f~'II;jJ w:ilh developiNg COlfllll] .(cielltists. Thn:e if/terre­

lated Ibl!lflt!s coflsiderrd 11 flflt'rprocess SlllIlit'S ore: IrtlllSeclS 

mf(lltIIge·scale /afld SIllj(U? e.'~/illleJIls,Jire, mill iJ!J'I­
IOlllls. Illelholl.rforilllpleJllt lfllllioll mId projecls ore it/elf­

lifted. 

Write to: IGBP Secretariat, The Royal Swedish 
Academy o(Sciences, Box 50005, S·104 05 Stock· 
holm, Fox: (+46-8) 16 64 OS, E-moil: 
sec@igbp,kva,se 

TCBP announces its new home page 
on tbe World Wide Weh 
The IGBP Home Page URL: 
hup://www.igbP·kva.se/igbpinf.hunV 

Core Projects 

Global C ha nge and Ten-estrial Eco­
systems (GCTE) 
Climate and Vcgctiltiun Ch:lOgc, The Influencc or 
Challges in C limate and Carbon Oioxide on Biome 
Oistriburion. Interim report or the consortium led 
by ProressorF. I, Woodward, December 1994(1995). 
P roject 3b of Tiger IV: a NEnC wmmunity re· 
search programmc,a Core Re.search Projectof lGBP 
Global Change and Terrcstdal Ecosystcms. 24 pp . 
M. A Bemn, Programme Manager o(Terresuial 
Initiative in Global Environmental Research (Tl­
GER), Institute of Hydrology, Crowmarsh Gifford, 
Oxfordshire OX I 0 8BB, UK. Fox: (+44-1491) 
692430 

Land-Ocean Interactions in the Coast­
al Zone (LOTCZ) 
The Dynamics of Uloblll ChanKe and the Coastal 
Zone (1')95) . Second I ,OICr. Open Science ~'Ieet­

ing, ' l ' hc~larineScience Institute, Universityofthc 
Philippine~, QlIe7.()\\ Ciry, The Philippincs, 24-27 
April 1995.107 pp, (LOICZMceting Repon No. 9) 
LOICZ Core Project Office, Netherlands Institute 
fM Seo Reseo"h (NIOZ), PO 80x 59, 1790 AB 
Den Burg, T exe/, The Netherlands. 

National Committees 

Canada 
Ulobal C hange Research Themc.~ . A report or the 
Cal1Hdian Global Change Program Research Com­
mittee, prepareu by Deanna r ... lcLeod (1995), 30pp. 

jeffrey Watson, CGCP Director, 225 Metcal(e, 
#308, Ottawa, Ontario K2P IP9, Canada. Fax: 
(+1-613) 99/6996, Fe-moilcgcp@rsc. 

Japan 
An Interim Report of lGBP Activities in J;lp:Jn 
1990-1994 , coiled by 1 .~alUu Ktlya ne. ( 1995). Jap:11l 
Nalional Committee for IGnr. Science Council of 
Japan. 265 pp. Proceedings of rhc 4th IUBP Japltn 
Symposinrn, 26-27 January, 1995. 

Isamu Kayane, Institute o( Geoscience, University 
of Tsukuba, I-I Tennodai, Tsukuba, Ibarald 305, 
Japan. 

UK 
Inte rnational Directory of Global Environmental 
Research (GER). fniti<lrives, Programmes and Or­
ganisations (l9t)5). Swindon: UK GER Office, 84 
pp. 

Christine Rowland, UK GER Office, DP 1002, Polo· 
ris House, North Star Avenue, Swindon, Wiltshire 
SN2 lW, UK. 

USA 
A Review of rhe U.S. Glohal Change Research 
Progmmand NASA's i\lission toPlane[ Earth/Earth 
Observing Systcm (19')5). Comminee on Global 
Cha nge Resctlrch, Board on Sustainahle. Devclop­
mcm. Policy Division, Narional Research Council. 
Washington: Nation~ll Aeauemy Press, 96 pp. 
Copies are available ;n limited supply (rom: The 
Board on Sustainable Development, National Re· 
search Council (FO 2080), 210 I Constitution Ave­
nue, NW, Washington, DC 2041 a-ODD I, USA 

General Jnterest 

T he BhlC Planet. An Introduction to Earth System 
Science, hy I3rian J. Skinner and Srephe n C. Porter 
(1995). New York; T{}ronro:John \Viley& Sons,49.' 
pp, appendiccs and index. 
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