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PAGES: Past and Future 

or/he first lime siNce the establishment of its 
prog1YIJII1I1C of Foci and Activities, P,ICF.S has 
held a meetillg 0/ virtually all the scieJIlis/x 
respoJlsible /01' coordilloti1lg PAGES roell/rh 
throllgnollttheworld. This took placein Hi/ler
jillg!II, Switzeriollti on Ihl! 11011/' shore of Lake 
TI/tlll, November 8 alld 9, 1997. The maiu 
goals of the meetillgwere /0 slI1l11llorize progress 
ifl each areo of activity. to review the PAGES 

project as a whole, /0 promote sy/lclgislII be
tweell the voriolls research teoms olld to Pllt 
PllGES 011 course for making Ihe best possible 
impact at the "pcomillg0pcl1 ScimceA-teelillg 10 

b< held ill L OIlr/Otl, April 19 - 23, J 998. AllY 
(1(;c01l1l1 of the learlers meeting, ifs sigllijit:ollce 

alld its highlights is inevitably (I pers01lal Olle, 
S f) whal follows is {f blie/ sJllopj'is refleclillg Ihe 
perspective fro/JI Ihe i1Jle1'110liollal project of
fice, viewing the science from the edge {l1Id the 
orgallizalioll from ifS celltre. 

( 

Keith Alverson and Frank Oldfield 

Pole position 

The ice core research in Greenland 
pioneered over two decades ago has 
rcached the stage where key results from 
the Greenland lee Core Project (GRIP) and 
Greenland Ice Sheet Program 1I (GISP 11) 

have already been published in well over 
one hundred resea rch papers. The data 
wi ll soon he ava ilable on CD-ROM. T his 
work, along widl parallel research on the 
Vostock ice core in Antarctica, has been 
seen as the flagship of global palaeoscience 
by much of the scientific communi ty. 

In key respects, the historical 
record of changing atmospheric com
position, and hence past global bioge
ochemistry, contained in the polar ice 
caps has setthe agenda for research ill 
the polar regions and beyond. 
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Figure I Hydrologic balance reconstructed for four lakes in tropical Africa 

from lake sediment records. The observed palaeohydrological 
changes are much larger than any signals in the modern instrumental 
record. and suggest that dramatic abrupt shifts in hydrologic balance 
can occur on a spect rum of sociecalty relevant timescales. 
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Onc major developmem is the pro
posed ini tiative OfPA(;ES, GAIM and IGAC to 

address what has become known as thc 
'Palaco Trace Gas Challenge'. This initia
tive, which subsumes a vast array of imer
lock ing questions span ning all aspects of 
the Earth system over the last glac ial cyele, 
seeks to address the largely unknown dy
namicswhich governed the tight interplay 
between climate change and atmospheric 
greenhouse gas concentrations in pre-in
dustrial times. PAGES is com mi tted to play
ing its pan in addressing these issues, which 
lie m the heart ofehe dcbateabout contem
porary and future climate forcing by green
house gases and aerosols. 

The oxygen isotope record from the 
GRIP/GISP U cores that gives the most dra
matic ind ications for rapid cl imme changes 
before the Holocene period (the intergla-
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Figure 2 Comparison of ODP site 893 (Santa Barbara Basin, California) bioturbation index and 
benthic foraminiferal 8180 records with 8180 ice time series from GISP 11. Note the 
strong signal of Holocene variability seen in the sediment record but not in the iso
tope record from the Greenland ice core. Strong millennial scale variability associat
ed with Dansgaard-Oeschger oscillations is present in both records. 
Figure adapted from Behl and Kennett (1996) Nature 379, 243-246 

cial in which we now live) shows little 
variation over the last eleven thousand 
years. This has led many scientists to view 
the Holocene as a period of relative con
stancy in global climate. However, many 
other indicators of climate change within 
these cores provide ample evidcnce for 
Holocene variability. Indeed, to the north 
of the GRIP/GISP II sites the oxygen isotope 
record itself shows greatcr Holocene vari
ability. 

Independent sites throughout 
much ofthe world provide uumerous 
liues of evideuce poiutiug to major 
chauges iu climatic aud hydrological 
regimes duriug the Holocene. 

At high latitudes, deep sea sediment 
cores from the North Atlantic and terres
trial pollen data suggest major shifts in 
climate on millennial timescales. One of 
the most well known of these periods was 
the 'Little Ice Age', which locked much of 
Europe in significantly cooler conditions 
than present from about 1500 to 1850 AD. 
Even more striking millennial scale 
Holocene events are seen in reconstruc
tions of North African lake levels, which 
show swings from periods of intense desic
cation to water levels sometimes more than 

100 meters higher than today (see Figure 
1). 

One interesting line of evidence for 
Holocene variability from the GR(P/GISP II 

cores themselves is provided by measure
ments of sea salt ion concentrations. In
creases in ion concentrations are thought 
to reflect stormy conditions in the nearby 
North Atlantic. The reason for the appa
rent constancy in the isotope record at 
GISP II and GRIP during the Holocene re
mains an unanswered question, although 
it probably involves competing influences 
of the many independent climatic varia
bles which influence isotopic fractiona
tion. Although the changes in African Lake 
levels shown in Figure 1 diminish through 
time, they do not disappear, as recent ev
idence from the East African rift lakes 
confirms. Evidence for lower latitude 
Holocene climate variability can also be 
seen in sediment cores from the Santa 
Barbara basin in the subtropical Pacific 
(see Fig. 2). 

As these examples demonstrate, cli
mate may well be far more variable in 
space and time than data from the polar 
record alone can possibly show. In addi
tion, an increasing array of evidence con~ 
firms that the rapid climate shifts known as 

Dansgaard-Oeschger events, which are 
recorded in the Greenland ice core for the 
period between the previous interglacial 
and the last glacial maximum, are common 
to both continental and marine records 
across the northern hemisphere (see Fig
ure 3 on page 5). These realizations rein
force the need for growing interaction be
tween the ice core, marine and continental 
palaeoresearch communities. Facilitating 
such interaction is one of the main, over
arching missions of PAGES. 

In the southern hemisphere, the first 
steps towards coordinating research around 
the margins of Antarctica will be taken 
through the new Antarctic Ice 1vlargin 
Evolution (ANTIME) programme, which 
seeks to unite ice core, marine and lake 
sediment records. In the northern hemi
sphere, the diversityofhigh latitude records 
beyond the Greenland ice cap is reflected 
in a range of different programmes includ
ing the Circum-ArcticPolar Environments 
(CAPE), and International Circum-Arctic 
Palaeoclimate (ICAPP) programmes. 

Just as results from ice core research 
help to define the research agenda for 
scientists working on other types of palae
orecord, they also highlight the need for 
continued efforts in and around the major 
polar ice caps themselves. Antarctica is a 
vast land mass. Differences between the 
palaeorecord from individual sites within 
its continental boundaries are of great im
portance for understanding atmospheric 
and marine processes throughout the south
ern hemisphere. Such site comparisons are 
also vital for understanding the dynamics 
of the massive ice sheet itself, and the role 
of freshwater storage in the Antarctic ice 
cap in past and future sea-level changes. 

Finally, there is a clear need to bring 
the Arctic and Antarctic records together 
in order to more fully understand their 
commonalities, their differences, and the 
phase relationships between them. The 
advent of high resolution records from the 
Vostock and Dome Concordia sites in Ant
arctica, as part of the joint PAGES/SCAR 

Palaeoenvironments for Ice Cores (PICE) 

programme, should provide the basis for 
detailed inter-hemispheric comparisons in 
polar ice core records. Quantitative cali
bration of Antarctic Ice core records along
side comparison with the Arctic records is 
a vital stepping stone to an understanding 
of the extent to which polar records can be 
used to infer global climate change. The 
relevance of interhemispheric comparisons 
goes, of course, far beyond the poles. The 
full extent of latitudinal variability is in
corporated within PAGES programmes as a 
series of three pole-equator-pole (PEP) 

transects which girdle the Earth. 
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Present highlights and future challenges 
PAGES science, by demonstrating the parallels between trace gas concentrations and past temperature changes as recorded in 

polar ice cores, contributes oneofthe most compelling empirical arguments for linkingenhanced COt and methane concentrations 
in the atmosphere to global warming. Exploring the phase relationships and process linkages which this correlation reflects is an 
urgent task. Through this and parallel research on solar and volcanic influences, we anticipate a growing understanding of the forces , 
both beyond and within the earth system, that have driven climate change in the geologically recent past. The complex interaction 
between various forcing factors and the pattern of recent climate change in the Arctic region, for example, is shown in the figure 
below, from Overpeck et. al. (1997) "Arctic Environmental Changes of the Last Four Centuries" in: ScielJcc, 278, 1251-1256.This 
type of research points towards a time when we shall be able to assess more confidently not only the link between climate change 
and trace gas concentrations, but also the temporal and spatial patterns of natural climate variabiJjry which will likely be reflected 
in, and interact with, potential future greenhouse gas warming. 

Already, PAGES science allows us to make some important statements about past climate variabiliryand its significance for future 
planning and prediction: 

• Many independent lines of evidence show 
that during the warm period since the last 
glaciation - the period we live in - climate 
has varied over a much greater range than 
instrumental records are able to demon-
strate 

• The recorded impact of these past, 1Jotttraf 

variations on, for example, lake levels, river 
regimes and the incidenceofextreme events 
such as droughts and floods, lies heyond the 
range that human planning typically envi
sions. Such impacts would also lead tOchang
es in the resource base of human popuJa
dons well beyond the scope of adaptation 
within many social and economic systems. 

• Looking CO longer timescales in the past, 
beyond the 'interglacial' in which we live, it 
is clear that the earth's coupled ocean-at
mosphere system has been highly unstable, 
with massive swings of ocean circuJation 
and associated dramatic changes in climate 
taking place over the space of a few decades 
at most. Even though such dramatic 'switch
es' are more typicaJ of cool, glacial times, 
there is growing evidence, from hoth em
pirical studies and model simlllations, that 
they cannot be excJlIded from rhe range of 
future possibilities. 

• Increasingly, past climatic conditions are 
employed to provide a naturallaboracory of 
benchP.1arks against which to test model 
simulations upon which predictions of fu 
ture climate change depend. Since pastcli
mate changes include global effects as well 
as a wide variety of spatial and temporal 
patterns, there is scope for palaeodata to 

constrain model simulations at all spatial 
and temporal scales. 

Circum-Arctic Temperature Change 
vs. Hypothesized Forcing 
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Comparison of hypothesized external climate forclng (colored lines) and stand
ardized proxy Arctic-wide summer-weighted annual temperature [gray lines, 
plotted as sigma units for (A) atmospheric CH"" (S) atmospheric COl' (C) solar 
irradiance, and (D) Greenland (GISP 11) ice core volcanic sulfate. Eruptions known 
to be overrepresented in the GISP 11 record are marked with an asterisk. 



Girdling the Earth 

The fact that past climate change has 
shown both global coherence as well as 
highly differentiated regional expression, 
implies that any reconstruction of past glo
bal change must be placed within a robust, 
spatial framework. A major step in this 
direction has been the establishment of 
the PEP transects. Each transect presents 
unique challenges and opportunities. 

The vast latitudiual spau of the 
Americau coutiueutprovides the PEP 
I transect with a wealth oftopograph
ic and climatic parallels across many 
climate zones in both hemispheres. 
The transect comprises a rich tapes
try of high quality archives of past 
environmental change, providing un
paralleled scope for detailed inter
hemispheric comparisons. 

These interhemispheric comparisons 
are the dominant linking theme of the first 
PEP I Symposium, to be held in Merida, 
Venezuela, March 16 - 20,1998. (see box 
on page 7), Within the Americas transect, 
there arc also geographical regions of out
standing interest to the whole of the lGBP, 

notably the Amazon Basin where the Large 
Biosphere Atmosphere (LBA) Experiment 
is currently underway. The PAGES compo~ 

nent provides the palaeoenvironmental 
underpinning of this research project. 

PEP 11 runs from the north-east
ern limits ofthe Eurasian landmass to 
the southern edge of Australasia. It 
includes some of the most detailed, 
continuous, high resolution records 
of terrestrial environmental change 
available anywhere in the world in 
the form of the loess deposits in the 
central China plateau. 

Close to these major loess~based ar
chives lies the Tibetan/Himalayan region, 
whose ancient glacial ice masses make it in 
many senses the world's third pole. Link
ing together results from records as diverse 
as ice cores, loess sections, lake sediments 
and, for more recent periods, tree rings, 
requires a strong emphasis on calibration. 
One of the best methods for ensuring ac
curate calibration is to monitor the present 
day workings of the processes which formed 
these magnificent records of past change. 
Such a monitoring effort, together with 
research on the palaeoclimatic significance 
ofloess and palaeosol sequences, is one of 
the main initial priorities of the Himalayan 
Interdisciplinary Palaeoclimate Project 
(HIPP) Program. Recent analysis of the sta
ble isotope ratios oflead in loess deposits, 
has shown links between the history of 
loess deposition in China and changes in 
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Figure 3 Rapid changes in air temperature and ocean hydrology during the last gladal period 

from a selection of high latitude North Atlantic marine sediment cores as well as the 
GRIP ice core from central Greenland. Heinrich layers are shaded. Dansgaard-Oesch
ger oscillations are dearly visible on millennia! timescales, often with a notable corre
lation between the diverse records. (From PAGES Newsletter, VoJ.5 No.2) 
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dust concentrations found in the Green
land ice cap, providing additional evidence 
for the spatial coherence of past environ
mental changes as well as vital insight into 
the processes responsible for this cohe
rence. Lacustrinerecords from Lake Baikal 
provide another important palaeoclimatic 
record from this region within PEP II (see 
Figure 4 on page 6). 

The South Asian portion of PEP II en
compasses the most densely populated 
portion of the Earth. The livelihood of a 
large percentage of this immense popula
tion is strongly dependent on the timing 

and nature of monsoon systems. In order 
to understand how the Asian monsoon 
systems vary in response to changing 
boundary conditions, it is essential to be 
able to reconstruct their behaviour in the 
past. The theme of understanding the past 
natural variability in Asian monsoon- sys
tems unites a high proportion of the work, 
both continental and marine, along the PEP 

Il transect from Northern Australia through 
Southeast Asia to Japan and from the West 
Pacific to the Indian subcontinent. 

Events in 1997 have highlighred the 
links between the Asian monsoon and the 
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Figure 4 An example of a lacustrine 
palaeodimate record. Bio· 
genic silica, a measure of 

diatom productivity from 

Lake Balkal, compared to 
the SPECMAP oxygen iso

tope record and modelled 
maximum summer tem
peratures. The record of 
diatom productivity is 
probably linked to the 
duration of snow and ice 

cover on the lake. Figure 

adapted from Col man. 
etal. (1995) Nature 378, 
769-771. 
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El Ni no-Southe rn Osci1iarion (ENSO) phe
nomenon. E xpl oring this co nn ection, 
wh ich strongly links PEP I and PEP 11, re
quires records of past variation wi(h annu
al , preferably even seasonal resolution. 
T ypica ll y, such resolut ion is found in sys· 
terns which show annual banding such as 
tree rings and corals. ' fhe investigation of 
tropica l coral records in the context of 
hisrorical ENSO reconstruction over the past 
several centu ries is being act ive ly investi
gated as pan of the PAGES Annual Records 
of Tropical Systems (ARTS) programme (see 
box on opposite page). 

The European-African tnnsect, 
PEP rn, provides its own distinctive 
opportunities, including a wealth of 
accessible historical documentation 
recording human history, land de
gradation and climate change in the 
semi-arid areas in and around the 
cradle of western civilization. 

Further south, conveniently straddling 
the equaror, lies the East Afr ican rift lake 
system, which provides a unique opportu
ni ty for interhemispheric comparison of 
hydrological evem s. Research in sub-Sa
haran Africa reveal s dramatic cl im ate 
variability, even wi thin t he past few mil
le nnia , which greatly exceeds anytl1ing 
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Figure 5 Mean annual ground temperature as measured from noble gas concentration in 
ground water as a function of corrected radiocarbon age derived from the Seam· 
priet aqUifer, Namibia. This record indicates that the mean annual temperature in 
Namibia was 5.3°C lower during the last glacial maximum as compared to today. 
Figure from M. Stute and S. T alma (1997) Glacial temperatures and moisture trans
port regimes reconstructed from noble gases and li l80 , Stampriet aquifer, Namibia. 
In: Isotope techniques in studying past and curent environmental changes in the 
hydrosphere and the atmosphere. IAEA, Vienna, in press. 
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El Nifio - Southern Oscillation 
One of the most interesting facets of the current clin1ate system is large scale interannual variability. As emphatica lly 

demonstrated by ubiquitous refcrenccs to this year's powerful El N ino in weather reports around the globe, processes such as the 
El Nino-Southern Oscillation (ENSO) and the North Atlantic Oscillation (NAO) make dominant contributions to the spectral 
variabi lity of today's c1imatc. Clearly, in order [0 forecast future climate it is imperative to understand possible changes in these 
processes undcr perturbed boundary conditions. The PAGES Annual Records of Tropical Systems (ARTS) project has as its primary 
goal an improved understanding of tropical variabi lity 
over d1e past several centu ries. Tropical proxy records 
with annual or better resolution which are being tapped as (a) 0.0 
part of this project include tree rings, corals, tropical 
g laciers and historical records. 'rhe calibration of these 
diverse sources of data comprises a major initiative which 
should lead to a reliable ENSO record over at least the last 
son yea rs. Especially in the case of historical records, 
major effort is required in order to construct ca librated, 
quantitative records from aesthetica lly appealing, but 
qualitative and subjective, historical writings. 
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As shown in the accompanying figure, indications 
from coral data suggest that mode of quasi-periodic varia
bility of ENSO which has been prevalent over the past few 
decades may be quite unique within the longer record. 
Understanding the causes for the apparent rad ical shifts in 
the dominant modes of variabili ty in the tropical ocean is 
clearly ofutmost importance given the widespread clima
tic, <1S well as economic, implications of El Nino in 1997. 
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1.0 Evolutionary variance spectra from (a) a 97 year coral-based 
precipitation record from the Tarawa Atoll in the central Pacific, 
and (b) a 375 year coral-based SST record from the Galapagos, 
illustrating how the variance of tropical Pacific climate has 
changed over the past four centuries. Note how the variability 
mode of the last few decades Is unique with respect to the long
er record. 
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PEP I meeting in Merida, Venezuela 
March 16 to 20, 1998. 
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This meeting represents the first attempt to address the goals defined by the IGBP-PAGES initiative "Pole-Equator-Pole Paleoclimates of the Ameri
cas" (PEP I). These goals are: 
I) to document the Inter-relation between climate change patterns in the Americas In terms of amplitude, phase, and geographic extent; and 
2) to determine the forcing factors which affected climate change patterns in each hemisphere individually as well as inter-hemispheric changes. 
Sixty speakers have accepted the invitation to present an inter-hemispheric overview of climate change and climate variability from atmospheric. 
terrestrial, ice core and marine records in the Americas, for specific time intervals in the past. In addition. twenty-four posters have been submit
ted for the poster session. representing specific research projects along the PEP 1 transect. The outcome from the meeting will be a book com
prised of chapters on the Individual session topics. 
The presentations are organized under the following themes: 
Modern Climate Variability (Henry Dioz. coordinator) 
Last 2000 Years Climate Variability (Maleo/m Hughes, Tim Boumgartner, Lonnie Thompson, coordinators) 
ENSO Climate Variability (Robert Dunbar, coordinator) 
Human Dimensions (Diano Liverman, coordinator) 
Mid-Holocene Climate Variability Oulio Betancourr. Wo/fgang Volkheimer, coordinators) 
Late Glacial Climate Variability (Henry Hooghiemstro, Vera Markgraf, Cathy Whitlock. coordinators) 
Fullglacial Climates (Thomas Pedersen, M/guel Angel Gonza/ez, coordinators) 

For further information contact: 
Vera Markgraf 
INSTMR, University of C%rad 0, Bou/der CO 80309-0450 
rei: 3034925117; Fax: 3034926388 
E-mail: markgraf@spot.colorado.edu 
http://lnstaar.coforado.edulmisclpep.htm/ 
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seen in the relatively short period of mo
dern meteorological observations. Com
plementary analyses oflake levels, vegeta
tion change, and archaeological remains 
confirm that there were periods during the 
last eight thousand years when the south
ern Sahara supported extensive greenery 
and the currently arid land to the south was 
awash in an extensive system of swamps 
and lakes. The stark and dramatic contrast 
to modern conditions serves as a sharp 
reminder of the range of natural variability 
that has occurred in the geologically recent 
past. It also provides a challenge to climate 
modellers seeking to validate their models 
usinghindcast simulations that can be com
pared with data-based reconstructions. One 
of the distinctive features of PEP III is the 
importance of groundwater, both as an 
archive of past environmental change (see 
Figure 5 on page 6) and as a contemporary 
resource. Without understanding the age, 
origin and recharge rates of the extant 
groundwater supply currently being mined 
for human use, realistic planning for sus
tainability can not be contemplated. 

PAGES coordination of efforts like the 
PEP transects is helping to forge links be
tween scientists working on a wide diver
sity of continental and marine records. 
These latter marine records are especially 
important to PAGES as they enable long 
time series, high resolution climate recon
structions from the sediment layers at the 
bottom of the sea. 

At the bottom of the sea 

Sediment cores taken from the deep 
ocean were the first data to clearly confirm 
that on timescales of 1 04 to 106 years, there 
is a remarkable correlation between global 
average temperature and the level of solar 
insolation incident on the northern hemi
sphere in slimmer. The pattern of these 
astronomical changes - often referred to as 
Milankovitch Cydes after their early pro
ponent - has now been well established, 
and indeed forms the chronological tem
plate for long timcscalc PAGES related re
search. The one hundred thousand year 
glacial cycle cannot be a straightforward 
result of astronomical forcing alone. Solar 
irradiance is known to vary more drastical
ly with twenty thousand and forty thou
sand year periodicity - periods in which 
there is usually a much less energetic sig
nal in palaeoclimatic records. In addition, 
the glacial cycle shows a strong signal in 
the southern hemisphere, yet matches the 
insolation record at high northern hemi
sphere latitudes. The dynamical, mecha
nisms responsible for amplifying the one 
hundred thousand year signal and con
necting southern hemisphere glaciation 
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with the northern hemisphere insolation 
record are not yet clear but probably in
volve atmospheric greenhouse gas levels, 
ocean circulation, and the dynamics of 
continental ice sheets. 

Because of the direct relevance to po
tential future climate change, many 
palaeoceanographers have turned their at
tention away from the glacial cycles them
selves to the investigation of much more 
rapid climate shifts seen in high resolution 
sediment cores. 

A stunning series of climate oscil
lations known as Dansgaard-Oesch
ger events punctuate the period from 
the last interglacial up to the last gla
cial maximum. The most severe cold 
periods brought armadas oficebergs 
into the North Atlantic, deposited vol
umes ofice rafted debris into the sed
iment record (the so-called Heinrich 
layers) and plnnged mnch ofthe globe 
into near fnll-glacial conditions. 

Perhaps the most well known of the 
rapid climate swings from the pre-indus
trial past is the Younger Dryas, a retreat to 
near glacial conditions which occurred 
around eleven thousand years ago disturb
ing the general warming trend following 
the last glacial maximum. The cooling 
associated with the initiation of the Younger 
Dryas event occurred so rapidly, taking 
perhaps only a few years, that it is not well 
temporally constrained in many records. 

The major PAGES/SCOR initiative in the 
investigation of marine records of these 
rapid climate change events of the past, 
the International Marine Global Change 

Study (IlvlAGES) Program, targets the coring 
and detailed analysis of high resolution 
marine sedimentary records from those 
areas of the world's oceans where high 
rates of horizontal heat transport, biologi
cal productivity and wind driven upwelling 
occur (see Figure 6). Successful coring 
cruises have already provided a wealth of 
information from the North Atlantic, while 
ongoing research continues in the South 
Atlantic, Indian and West Equatorial Pa
cific Oceans, promising to extend this val
uable database in the near future. 

Recent modelling studies suggest that 
the strength, and indeed the very pre
sence, of the meridional overturningcircu
lation which ventilates the depths of all of 
the great ocean basins may be highly sen
sitive to surface temperature and salinity 
in the subpolar North Atlantic. This over
turning circulation, called the thermoha
line circulation because it is driven by 
fluxes of heat and salt at the ocean surface, 
is responsible for immense poleward flux
es of heat, and serves to link the world's 
oceans together. 'I'he presence of such a 
circulation provides onc potential mecha
nism for the interhemispheric transmis
sion of widespread climate changes in the 
past, for example the enigmatic correla
tion between glaciation in the southern 
hemisphere and levels of solar insolation 
in the northern. Furthermore, the appa
rent sensitivity of this circulation to heat 
and fresh water perturbations in the sub
polar North Atlantic, creates a possible 
explanation for rapid global, and regional, 
climate change such as the Dansgaard
Oeschger events and the Younger Dryas. 

IMAGES : key areas, cmises and working groups 
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Figure 6 A map of the key areas being targeted for coring by the IMAGES programme 
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By elucidating the range of ocean 
circulation states that have existed in 
the past, palaeodata can serve to con
firm the oceanic feedback mechanisms 
which are thought to modulate exter
nal climate forcing, translating low 
frequency orbital forcing into the dy
namic mosaic of spatial and temporal 
patterns of climate change that have 
occurred on Earth. 

This stark comparison between the 
smoothness of the orbital forcing and strong 
millennial variability in local temperatures 
is highlighted by an example from the 
North Atlantic for the period of the last 
interglacial, shown in Figure 7. Although 
the present interglacial remains relatively 
quiescent compared to this example, it is 
nonetheless indicative of potential clima
tic modes which cannot be ruled out as 
occurring in a potentially warmer future. 

In addition to the direct role the ocean 
plays in modulation of climate, ita150 serves 
as a vast reservoir of carbon, thereby influ
encing the concentrations of greenhouse 
gases in the atmosphere. Palaeodata can 
also be employed to unravel the locations 
and magnitude of oceanic sources and sinks 
of carbon which have accompanied cli
mate change in the past, thereby shedding 
light on the potential future role the ocean 
may play in modulating increasing atmos
pheric carbon dioxide levels. 

The state of the art in palaeoceano
graphic data and modelling research will 
be on display at the International Confer
ence on Palaeoceanography, August 23-
28, 1998 in Lisbon, Portugal. Unravelling 
the full story of the oceanic contribution to 

past global change is a task that palaeoce
anographers within PAGES share with many 
other empirical researchers, as well as with 
the climate modelling community. This 
common interest brings a sharp focus on 
the most recent past and the transition to 
the future. 

A sharp focus 
on the most recent past 

The prediction of future climate is an 
extraordinarily difficult task. Although the 
fundamental physics of greenhouse warm
ing is not in question, the presence of 
various system feed backs makes the con
nection between changes in levels of at
mospheric greenhouse gases and changes 
in global average temperature far from 
straightfonvard. Compounding this diffi
culty is the fact that global average tem
perature changes in the coming decades 
will be influenced by changes in many 
variables unrelated, or related only tan
gentially, to greenhouse gas levels, suchas 
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Figure 7 Comparison of insolation curve at 65° North compared proxy sea surface tempera
ture records from sediment cores from the Northeast Atlantic at 54° North (Cortijo 
et.al. Nature 372, 446-448) and Eastern Norwegian Sea at 66° North (Fronval and 
Jansen, Nature 383, 806-810) 

surface albedo, solar forcing, and cloud 
cover. 

Even without anthropogenic 
changes in greenhouse gas concentra
tions, the future global average tem
perature of the Earth would he ex
pected to vary on all timescales, just 
as it has in the past. 

To add yet another difficulty, global 
average temperature is a relatively '\min
teresting" climatic variable. Of far more 
concern to humanity, and indeed to eco
systems in general, arc the detailed tem
poral and spatial patterns in surface tem
perature and, especially, in precipitation. 

Given this seemingly unending list of 
complicating facrors, at least one fact be
comes readily apparent. In order to under
stand and predict potential future anthro
pogenic climate change, it is essential to 

first characterize the envelope of natural 
variability on the timescales for which a 
prediction is desired. Climate prediction 
research has, for the most part, been cen
tred on forecasting climate over the next 
several decades. Therefore, for this partic
ular problem, it is vital to characterize the 

nature of annual and decadal variability 
that was prevalent before the advent of 
major anthropogenic influence on green
house gas levels. Accomplishing this task 
requires proxy records with annual or bet
ter temporal resolution extending back at 
least several hundred years before indus
trialization, the central theme of PAGES 

time stream I research. This is the seg
ment of PAGES research most recognizable 
for its immediate societal relevance and is 
highlighted by ongoing fruitful interaction 
between PAGES and the World Climate 
Research Program Climate Variability and 
Predictability (CLIVAR) Program. Some of 
the key elements of PAGES time stream I 
research, with particular relevance to cli
mate prediction and greenhouse forcing 
are discussed below. 

Greenhouse gases 

The most fundamental variables re
quired for predicting greenhouse warming 
are the greenhouse gases themselves. At 
present the most well studied and most 
radiatively important (next to water va
pour) of the radiativelyactive trace gases is 
carbon dioxide. Beginning just over forty 
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years ago the concentration of carbon diox
ide in the atmosphere has been measured 
to a high accuracy atMauna Loa, providing 
a remarkable window into the workings of 
the carbon cycle. 

It is only in the context ofthe pa
laeorecord that the recent rise in at
mospheric CO, levels can be recog
nized as occurring at a rate 
unprecedented in the natural record 
with a magnitude of change already 
as large as that associated with the 
largest global climate change events 
in the past million years, such as the 
glacial cycle itself. 

A high resolution CO
2 

record over the 
past five centuries is available from several 
independent PAGES projects including the 
GRIP and GISP II in Greenland, and the 
Vostock core in Antarctica. The PAGES 

Palaeoenvironments for Ice Cores (PICE) 

programme seeks to compare the Arctic 
and Antarctic records to examine, among 
other things, the interhemispheric phas
ing of climate change events. Atmospheric 
mixing of greenhouse gases, unlike more 
dilatory ocean circulation changes, pro
vides a potential mechanism for synchro
nous southern hemisphere response to 
northern hemisphere insolation changes. 

Measurements of other important 
greenhouse gases, such as methane, pro
vide additional information, particularly in 
terms of the biospheric response to large 
climate changes of the past. Because meth
ane is not latitudinally well mixed, tropical 
ice core records can be employed to en
hance the polar records, providing addi
tional information sources and sinks of 
methane in the pre-industrial atmosphere. 

Regional variability 

Multiple lines of palaeoevidence show 
that regional climate has been highly va
riable in the past. Because of the enormous 
impact of regional climate change on hu
man populations it is vital to understand 
how such regional events may interact with 
future global change. Several PAGES 

projects, including for example that on 
Palaeomonsoon, are involved with the 
study of regional climate variability which 
has occurred in the relatively recent past. 

Massive shifts in hydrological re
gimes have occurred relatively recent
ly in Saharan and sub-Saharan Afri
ca beside which famous modern events 
such as the Somalia drought of the 
1980's and great U.S. 'dustbowl' of 
the 1930's pale by comparison. 

The International Decade of East Af
rican Lakes (IDEAL) programme shows si-
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milar regional hydrological changes in 
Equatorial Africa. Intense regional shifts 
in hydrological regime have also been re
constructed from tree ring data from the 
continental US as part of the PEP I pro
gramme. Of particular interest are several 
periods of multidecadal drought in Cali
fornia, a region now heavily populated and 
already experiencing fresh water shortag
es. 

Global average temperature 

In many ways the modern instrumen
tal record of global average surface tem
perature is regarded as the bellwether of 
anthropogenic influence on climate. How
ever, constructing a global average tem
perature history is not a trivial task, as is 
clear from purported discrepancies be
tween the modern terrestrial and satellite 
records. Clearly, given that the resolution 
of palaeodata is nowhere near that of the 
modern instrumental data, global temper
atlue reconstructions are fraught with dif
ficulty. Nonetheless, it is essential to es
tablish the envelope of natural variability 
in average temperature over the past cen
turies using networks of mUltiproxy indi
cators. This is a major goal of both PAGES 

an d WCRl'-CLIVAR. 

Natural variability is the "noise" 
from which the "signal" of authropo
genic climate change has been so dif
ficult to detect. Since anthropogenic 
and natural forcing factors are super
imposed, quantitative reconstruction 
of climate variability over the last few 
centuries to millennia is a critical need. 

The focus on the recent past, regional
Iy, temporally, and globally. inevitably 
leads to the study of climate change events 
which are of particular interest because 
they occur on time and space scales which 
correspond with those in which we hu
mans tend to view the world. This inter
section between the scales of palaeocli
matic events and the scales of human 
perception is a powerful reminder of the 
importance of PAGES research as an appro
priate ruler by which to measure potential 
anthropogenic climate change. It is in this 
realm that PAGES has its most tangible hu
man dimension. 

A human dimension 

Incorporating a human dimension in 
PAGES poses some interesting questions. 
The impact of land use and land cover 
change on atmospheric composition in re
cent times is not yet well quantified. This 
is a theme to which PAGES, working along
side Luec and GCTg, can contribute by 

reconstructing past land cover with ade
quate temporal resolution and on a global 
scale. This task is a daunting one, which 
must nonetheless be undertaken. Com
plementary, to the global approach is the 
potential focus on more detailed case stu
dies where LUCC or GCTE have a strong 
interest in past conditions. These are like
ly to be areas where the antecedents of 
present day vegetation and land cover, or 
the operation of processes beyond the time 
frame of direct observations, are important 
to characterize. Especially important are 
areas where the impact ofland cover change 
has led to significant atmospheric feed
backs at least at regional scale through, for 
example, changes in radiative balancc and 
transpiration. Case studies of this kind 
should emerge within the IGHP, wherever 
the 'historical' questions posed by present 
day and future-oriented studies match the 
availability of suitable palaeoarchives. 

'I'he continental palaeorecords that are 
a major focus of PAGES activities contain 
evidence of human impact on vegetation, 
soils, rivers and aquatic ecosystems. To 
what extent are these records of human 
impact a key concern of PAGES? So far, they 
have not been prioritized. 

The global significance ofland use 
and land cover change, soil degrada
tion, eutrophication, salinization, and 
pollution on local ecosystems far ex
ceeds any discernible ecological res
ponse to greenhouse gas induced glo
bal climate change over the last two 
centuries. 

These are the 'cumulative' rather than 
systemic changes that not only contribute 
to changes in atmospheric composition and 
regional climate, as noted above, but also 
strongly affect the systems of horizontal 
transfer at and below the Earth's surface. 
In this area of study, PAGES' interests over
lap with those of BAHC and LOICZ. 

One area of activity that has been de
veloped beyond the initial stages is that 
dealing with human impact on fltivial sys
tems. The LUCIFS (Land Use and Climate 
Influence on Fluvial Systems) programme 
has reached the stage of defining a range of 
carefully chosen case studies worldwide, 
designed to characterize past changes in 
hydrology and nutrient regimes in differ
ent types of physiographic and human sys
tems which have occurred since the ad
vent of widespread agriculture. The title 
of this initiative recognizes that human 
and climate influences interact. There is 
thus the need both to disentangle them 
insofar as possible, and to understand the 
interactions between them. This is espe
cially the case with extreme events since 



these are of major significance for human 
activities, and have dramatically different 
impacts depending on the type of land
scape within which they arc expressed. 

Tools of the trade 

Cutting across the PAGES Foci and Ac
tivities are a range of investigational tools 
that are common to many themes. These 
require special attention and constant re
finement. 

Any close comparison between palae
orecords requires that they be dated to a 
common timescale, so the theme of chro
nology is of paramount importance. In ide
al cases, this can be provided by annual 
banding of some kind - tree rings, lake 
sediment 'varves', some ice records and 
growth increments in corals, tl? name a 
few. Examples of banding structure in 
glacial ice and tree rings are shown in 
Figure 8. But there are many situations, 
especially in sediment-based studies, 
where such precise resolution is not possi
ble, yet the value of the palaeoenviron
mental evidence is nonetheless outstand
ing. New tools for improving chronologies 
in this type of situation are of extreme 
importance. 

Volcanic tephras 

One of the most exciting recent devel
opments has been the use of volcanic te
phra as time stratigraphic markers, the 
subject of the Volcanic Influences on 
Palaeoclimate (VIP) programme. Icelandic 
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Banding structure in many palaeorecords 
helps to calibrate the record to an abso
lute chronology. Unfortunately not all 
records develop dear banding, necessi
tating alternative means of dating. Shown 
here are examples in glacial ice and tree 
rings. (Photos courtesy of L. Thompson 
and G. Wellington) 

~~~~~~~~~ -_.-

tephras, for example, are quite widespread 
in Western European continental records 
as well as a variety of marine records. Nlore
over, the particles can be fingerprinted 
geochemically on the basis of extremely 
small samples. Tephras are of growing 
interest especially since, in some cases-, 
their presence correlates with distinctive 
sulphate peaks in ice cores and anomalous 
growth intervals in tree ring sequences. 
Thus, in addition to contributing to the 
chronology of the sites where they are 
deposited, they can form part of the frame
work for increasing our understanding of 
the role of volcanic aerosols in climate 

q ro 
~ ..; 

forcing. Careful study of volcanic events of 
the past may help shed light on how vol
canic, and indeed anthropogenic, aerosols 
could interact with future climate change. 

Isotope studies 

Isotope studies have long been a cor
nerstone of PAGES science. Their role in 
Earth system science has been significant
ly enhanced through the strong impetus 
given to the Global Network for Isotopes 
in Precipitation (GNIP) coordinated by IAEA 

in Vienna. Some examples of isotope 
records as calibration tools across a range of 
palaeorecords are shown in Figure 9. Along-

Oxygen.la (%0) SST "e) 

Figure 9 Quantitative calibration 
of pa)aeorecords is of 
paramount importance. 
Stable isotope signatures 
provide one of the most 
effective methods. These 
graphs, taken from 
Schotterer et.a!. 1996, 
(Global Network for 
Isotopes in Precipitation) 
show (top left) various 
calibration functions for 
3 1BO against tempera
ture for different parts 
of the world. (bottom 
left) a time-series corre
lation between 31BO var
iations in selected Euro
pean monitoring stations 
and deviations from 
mean annual tempera
ture, and (right) compar
ison between 31BO varia
tions in an annually 
banded coral and meas
ured sea sunace tempe
rature over a twelve
year period. 
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side thc continuing (iNIP ini tiative, PAGI';S is 
developing a special project des igned co 
improve the basis for inte rpreting stable 
isotope records in a range of continental 
palaeoarchives, incl uding lake sed iments, 
spe leothems, trce rings and ice cores. 'l 'his 
initiative will pay duc regard both to the 
physica l <lnd atmospheric processes con
tro ll ing rhe generation of climate-li nked 
sta ble isotope signatures such as alBa, as 
well as to the geochemica l and biological 
influences that regu late isotopic fractiona
tion. 

From documents to deep cores 

PAGES does not li mit itse lf to unwritten 
records! Parr ohhe key to establishing the 
extent co which trace-gas forci ng or natu
ral, for example solar or volcanic, forcing is 
responsible for the most recent patterns of 
global cl imate change lies in written docu
ments that can be used to extend the 
instrumenta l record back in time. Here, 
the overriding need is for common and 
objective procedures designed roquant ify 
cl imate inferences drawn from documen
tary evidence. PAGES plans co play a leading 
role in this area of research in the ncar 
future. 

At the opposite end of the PAGES time 
frame, rhe reconstruction of c:1imate va ria
bil ity and ecosystem response on the time
scale of glacial/interglacial cycles, the re is 
a need for long cores from conti nental 
sediment sequences tha t span at least the 
last two hundred thousand years. This is a 
technicallychallengingentcrprise, though 
high quality results of major significance 
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for global change research are the guaran
teed reward when the sites are carcfu lly 
chosen and adequatc pilot surveys are car
ried out in advance. ' l'hrough panicipat ion 
in the Imernational Continental Drill ing 
programme, PAGES is targeting si tes within 
each of thc PEP Tran:;ects and the tirs[ 
stages of s tudy at top priori ty sites arc 
already under way. 

Putting it all together 

I'AGE.s derives its distinctive ide ntity 
from prioritizing the study of those aspects 
of past global change that contribute cru
cia lly to our unders tanding of Earth sys· 
[em fun ction on hu man time·sca lcs and to 

our capaci ty to im prove the quali ty of any 
assessment of fu ru re climate changes and 
their impacts. E ven with this strongly fo
cused research agenda, the range of tasks 
to which PACES is committed is broad and 
diverse. 'r hechallenge of synthesizing the 
results is a daunting onc. Fu ll documenta
tion of all the PAGES activi ties will soon be 
avai lable through publication of the 'PAGES 
Status Report and Implementation Plan' , 
now complete and due for publication ea r
ly in 1998. 

To some degree, the structure ofl'AGRS 
includes buil t-in patterns of coordination. 
Some of these, like PEP I) are already at the 
smge where preliminary synthesis can he 
attempted (see box on page 7). Bcyond 
these, the PAGES Open Science Meeting to 
be held in London Apri l 20 - 23, 1998, will 
provide an over-arching compilation of 
PAGES science and of its significance for the 
future (sec box on opposite page). 

A Capacity Building Role 

In paralle l with presentationsl synthe· 
ses at meetings and in the puhlica tions 
that grow ou[ of them, PAGES shares re
sponsibili ty for the WDC-A Palacoclimate 
Data Base which can beaccessed via NODe 

in Bo uld e r Co lo rad o http :// 
www.ngdc.noaa.go v/wdc /wdca/wdca
paleo. html or http://wwv,. ngdc.noaa.gov/ 
pa leo/paleo. html. This data repository con
stiwtes a major global resou rce and a long 
term PAGES legacy of growing val ue. Ef
forts are underway m ensure that the faci
li ry meets the data needs of all PAGES re
scarch. A data workshop in February 1998 
will he an important stepping-stone in th is 
direction. 

A ... the PAGES science program me gai ns 
momentum, so does the obligadon to com
municate the results to a wider audience 
and toaccepta role in education and capac
ity bu ildi ng. Some recent educational ini
tiatives are noted in the accompanying box 
below. 

All the above is a measurc of the mat
ur-dtion ohhe PAGES research agenda. It is 
also a tribute to the ground-bre'lking lead
ership of PAGES in its ea rly days, notably 
through the insight and vision of Hans 
Oeschger and those co lleagues who la id 
the fou ndations of the project within the 
IGBP framework almost ten years ago. 

Keith Alverson, Scientific Assistant, 
Frank Oldfield, Executive Director 
PAGES IPD, Barenplatz 2, CH·3011 Bern. 
Swin erland 
http://www.pages.unibe.ch/ 

An imp;)rtant and growing educational role is heginning to develop within the scope of PAGES activities. One example is 
the Nyanza project on the shores ofLakcTanganyika. There, university undergraduate srudents from the Un ited States and 
young African researchers will study tropical lake science in a summer programme for each of the next live years. Lake 
Tanganyika is one of the great East African rift lakes, a sys tem of lakes which comprises onc of rhe most sciemifically 
important and fastest changing tropical lake systems in the world. The project fulfills part of the tra ining mission of the 
j merna[ional Decade of East African Lakes (IDEAL) programme, 
one of the Tasks within the PEP III nanscct. 

PAGES is also very closely involved in the upcoming Advanced 
Study Course Program to be he ld in the Environmental Change 
Research Center, UniversiryCollege London funded by the Envi
ronmentand C limate Program of the European Union. The theme 
of the course, which is expected co attract an international enrol
ment of approximately 25 graduate students, will be ' Holocene 
Climate Reconstruction. ' 

In the somewhat longer term, the PAGES 11'0 plans to develop a 
suite of educational materials for widespread distribution and to 

play a more proactive role in capacity building in nations where 
PACES science is less full y developed. 
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Past Global Changes 
and Their Significance 

for the Future 

IGBP PAGES Open 
Science Meeting 

The meeting will be organized around invi
ted plenary presentations and high-profile 
poster sessions. The poster sessions will be 
focused on the recent scientific results of 
PAGES activities, and the plenary presenta
tions will focus on; 
I. The full range of climate system varia-

bility 
2. Climatic forcing 
3, Climate system processes 
4. Modelling the climate system 
5. Biotic responses to climate change 
6, Human consequences of climate 

change 
The Meeting will open with registration 
and a reception on the evening of April 19. 
1998, followed by the first lecture and 
poster sessions on April 20 from 8:30 am 
onwards. The closing sessions will be dur
ing the afternoon of April 23. 

In view of the massive response to the ca/l for 
abstracts, the venue has been changed to the 
Senate HOt/se or the University of London. This 
Includes a lecture theatre for 500 people. It 
also means that porticipation in the meeting is 
open to a much larger number of scientists 
whether or not they intend to present posters. 
The list of invited speakers is as follows: 
Richard Alley, Zhisheng An, Edouard Bard, 
Rick Battarbee, Juerg Beer, Ed Boyle, Ray 
Bradley, Keith Briffa, Paul Colinvaux, Eisa 
Cordjo. Anne De Vernal, Peter DeMeno~ 
cal, Mike Gagan, Francoise Gasse, Sandy 
Harrison, Sylvie Joussaume, Jean Jouzel, Jim 
Knox, Sukl Manabe, Vera Markgraf, Bruno 
Messerli, Jonathan Overpeck, Tom Peder~ 
sen, Colin Prentice, Dominique Raynaud, 
David Rind, Thomas Stocker, Lonnie 
Thompson and Greg Zlellnskl. 
All oral presentations are by invitation and 
in plenary sessions and this section of the 
programme is now complete. The deadline 
for acceptance of additional poster abstracts 
is January 20, 1998. An Abstract Volume 
will be compiled from mid~January on~ 
wards. 
The proposed fees. including the COst of 
the volume of abstracts. are: 
Full registration fee: £ I 00 (US$I SO) 
Student registration fee: £35 (US$50) 

For further information: 
PAGES International Project Office 
email: pages@pages.unibe.ch 
web: http://www.poges.unibe.ch/ 
te/: +41 31 3123133 
fax: +41313123168 
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PAGES Projects and Project Leaders 

FOCUS I Global Palaeoclimate and Environmental Variability 

PANASH) 
Palaeoclimate of the Northern and Southern Hemispheres 

~ctivlty I Pole-Equator -Pole (PEP) I: The Americas Transect 
Activity 2 PEP 11: The Austral-Asian Transect 

R. Bradley (USA) 
V. Markgraf (USA) 
T.S. Liu (China), 

Task I (BDP)Balkal Drilling Project 
J. Dodson (Austrailia) 
D. Wililams (USA) 

Task 2 (HIPP)Himalayan InterdiSCiplinary Palaeoclimate Project 
f'ctivlty 3 PEP Ill: Afro-European Transect 

Task l (IDEAL) International Decade of East African Lakes 

C. Wake (USA) 
F. Gasse (France), 
R. Battarbee (UK) 
E. Odada (Kenya), 
T. johnson (USA) 

Task 2 (PM.II) Palaeomonsoons 11 
Activity 4 (IMAGES) 

S. Kroepelin (Germany) 

L. Labeyrie (France) International Marine Global Change Study (w/SCOR) 
Activity 5 PAGES~ClIVAR Intersection 

Task I (ARTS) Annual Records of Tropical Systems 

j. Overpeck (USA), 
j-c. Duplessy (France) 
j. Cole (USA) 

FOCUS 2 Palaeoclimate and Environmental Variability 
in Polar Regions 

Activity I Arctic Programmes 
Task I (CAPE) ClrcumArctic Palaeo~environments G. Miller (USA) 
Task 2 (NAD) Nansen Arctic Drilling l . johnson (USA) 
Task 3 (GISP 2) Greenland Ice Sheet Project (USA) P. Mayewski (USA) 

(GRIP) Greenland Ice Sheet Project (Europe) 8. 5uuffer (Switzerland) 
Task 4 (lCAPP) International Clrcum~Arctic Paleoclimate Programme R. Koerner (Canada) 

G. Ziellnski (USA) 
Activity 2 Antarctic Programmes (wl SCAR) 

P. Mayewski (USA) Task I (ITASE) International Trans~Antarctic Scientific Exped ition 
Task 2 (ANTIME) Antarctic Ice Margin Evolution I. Goodwin (Austrailia) 

Activity 3 Bi-Polar Programmes 
Task I (PICE) Palaeoenvironments from Ice Cores D. Raynaud (France) 

FOCUS 3 Human Interactions in Past Environmental Changes 

Activity I (LUCIFS) 
Land Use and Climate Impacts on Fluvial Systems R. Wasson (Austrailia) 

Activity 2 (HITE) 
Human Impacts on Terrestrial Ecosystems F. Oldfield (Switzerland) 

FOCUS 4 Climate System Sensitivity and Modelling 

Activity I Climate Forcing and Feedbacks 
Task I (VIP) Volcanic Influences on Palaeodimate 
Task 2 Solar Influences 
Task 3 Greenhouse Gases and Aerosol Influences 

/'\ctivity 2 Climate Model· Data Intercomparisons 

j. Beget (USA) 

Task I (PMIP) Palaeodlmate Modelling Intercomparison Project S. Joussaume (France), 
K. Taylor (USA) 

Task 2 (PMAP) 
Palaeoenvironmental Multiproxy Analysis and Mapping Project 

Task 2a Biome 6000 (w/GAIM/DIS/GCTE) 

R. Webb (USA), 
S. Harrison (Sweden) 
C. Prentice (Sweden) 

FOCUS 5 Cross-Project Analytical and Interpretive Analysis 

~ctivity I Chronological Advances J. Pitcher (UK) 
~ctiVity 2 Development of New Proxies 

Task I Isotope Calibration Study T. Edwards (Canada) 
Task 2 Continental Drilling for Palaeodimate S. Colman (USA) 

~ctivity 3 (WDC.A) International Palaeo-Data System J. Overpeck (USA) 
~ctjvity 4 (REDIE) Regional, Educational and Infrastructure Efforts (wl START/IAI) 

J3 


