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Cosmogenic Nuclides and Dating: Progress is needed!

Comparison of the “C and the Be systems: *C and "°Be are continuously produced by cosmic rays in the
atmosphere. “C forms CO, and starts exchanging with the biosphere and the ocean. °Be is removed from
the atmosphere within about 1 year, mainly by wet precipitation. “C is archived in tree rings, °Be in ice cores.
Both nuclides reflect changes in the production rate but react differently to climatic changes. This offers a
unique opportunity to distinguish between production and system effects. More: page 11.
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Announcements

Editorial: Future PAGES

The winds of change have been blowing through PAGES.They have brought about changes in the International
Project Office (IPO) team and the Scientific Steering Committee (SSC), and will continue to blow towards new
scientific endeavors. As with general trends in global change research, the key word for the future orientation
of PAGES is “integration”

PAGES already has a strong record of creating synergy between groups within its community and will now
turn its integrative capacities towards building bridges across timescales, that is, integrating paleoenviron-
mental with present-day research. Some of the partners we need for this can be found on our doorstep, for
example, the International Geosphere-Biosphere Programme (see page 6). Present-past integration obviously
carries with it huge potential for genuine symbiosis. Present-day science benefits from the temporal extent of
paleo-records and their wealth of different scenarios (glacials, greenhouse periods, sea level rises, volcanic
events, etc.). Detailed present-day observations of Earth System processes provide a sound basis for paleo-
proxies, and for solid and relevant interpretations of the paleo-record. An example of such a “joint venture”
is the recent relaunch of the PAGES/CLIVAR intersection (see page 7). As a welcome side-effect, present-past
scientific interaction will help to increase the visibility of paleoscience beyond the already famous Greenland
and Antarctica ice-core records, with ultimate positive feedbacks on research funding and scientific output.
An obvious next level of integration will be to better include the human component in the Earth System. To
meet this task, PAGES should be prepared to further open up towards social scientists, archeologists and
historians (see page 23). Another logical consequence of highly integrated research across spheres, methods
and timescales is the concentration of efforts on regions of particular interest, in order to distribute the huge
homework among focused groups. Furthermore, regionalization of research efforts will bring the predictions
of global change directly to people’s doors (see page 19).

The outlined trends are not inherent to PAGES but rather of general character. The community-driven
design of PAGES requires that ideas be passed from you as researchers to the service hubs (IPO and SSC).
With free capacity for novel activities and directions, PAGES is at present particularly reliant on your input
to fill empty spaces. The perfect occasion for you as a member of the PAGES community to articulate your
ideas, and to actively support and shape the future PAGES, is the Open Science Meeting in Beijing in August
(see last page). You should definitely not miss this event!

THorsTEN KIEFER

PAGES Executive Director
kiefer@pages.unibe.ch

Polar Regions and Quaternary Climate
ESF EuroConference toward an Integrative View of Climate in Antarctica and Circum-Antarctic Regions

24-29 September 2005, Acquafredda di Maratea, Italy
Chair: Jéréme Chappellaz (LGGE CNRS-UJF, Grenoble, France)
Vice Chair: Carlo Barbante (Venice University, Italy)

One of the big unknowns regarding the climate dynamics in thg course o

wwarctlc and=te Southerri Ocean. The European Pro;ect for Ice Coring in Antarctica (EPICA) has provided
e

community with two new ice cores covering more than 200,000 years at Dronning Maud Land (facing the South
tlantic) and about 900,000 years at Dome C (Antarctic Plateau). The new data can now be synthesized but it will be of
much higher value if it is viewed in the context of other climate proxy records, current observations, and climate and ice-
sheet models. The main goal of the conference will thus be the comparison of the two EPICA ice-core records with records
from other climatic archives from Antarctica and circum-Antarctic regions. In addition, reviews of.present-day studies in
Antarctica and interactions between climate and ice-sheet modeling will stimulate discussions about the most urgent open
questions regarding climate and environmental changes in and around Antarctica, leading to a joint strategy for future ice-
core investigations.

Further Information: - www.pages-igbp.org/calendar/calendar05.html
- Science: Jérome Chappellaz (jerome @lgge.obs.ujf-grenoble.fr)
- Organization: Anne-Sophie Gablin (asgablin@esf.org)
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Inside PAGES

During the past few months,
PAGES has made some major
steps towards securing funding for
future activities. Discussions about
the future direction of PAGES are
still ongoing and the launch of
PAGES Phase Il, alongside IGBP
Phase Il (see Program News p.
6), is scheduled to take place at
PAGES 2nd Open Science Meet-
ing in Beijing, 10-12 August 2005
(www.pages2005.org).

PAGES 2nd OSM:

View the final program at
www.pages2005.org/schedule.html.
This meeting will be a milestone in
the history of PAGES. Do not miss
out on being a part of this impor-
tant event!

PAGES Office:

Having served the PAGES com-
munity during the past year with
reduced staff and limited resources,
the IPO is looking forward to being
fully operational again starting
April, and to providing the base
for PAGES Il by the end of August.

Announcements

PAGES new Director, Thorsten
Kiefer, will be moving to Bern in
April and taking over directorial re-
sponsibilities from Acting Director,
Christoph Kull.

Christoph will then return
to his duties as Science Officer,
managing the newsletter, science
coordination and networking ac-
tivities. Leah Christen will continue
to coordinate OSM planning and is
afterwards looking forward to new
science communication challenges
arising from PAGES Il activities.
Selma Ghoneim will continue to be
responsible for all financial aspects
of PAGES and for ensuring that the
IPO runs smoothly. ChristianTelep-
ski will be working on the setup
and further development of PAGES
IT services and a new-look PAGES
website.

PAGES Newsletter:

The next issue of PAGES News will
be devoted to the OSM in Beijing.
Afterwards, our publication strategy
will change somewhat and we will
produce thematically open science
highlight issues more often. Special
issues will also contain a section
for open contributions. Conse-
quently, PAGES looks forward to
receiving your submissions of

science highlights all year round.
We also welcome program news,
workshop reports and humorous
tales from the field. To submit
an item, follow the guidelines at
www.pages-igbp.org/products/
newsletters/instructions.html and
contact Christoph if you have any
questions (kull@pages.unibe.ch).

National PAGES:

We are pleased to report that our
list of National PAGES is growing
rapidly, with over 15 countries
online. Already successful in the
past, this tool will gain importance
in the future as we link more and
more national networks to the in-
ternational PAGES community. Go
to www.pages-igbp.org/national/
national.html for more informa-
tion on how to link your national
activities to PAGES. If your country
is not on the list and you would like
to help set up national contacts and
related web-information, please
contact Christoph for further infor-
mation (kull@pages.unibe.ch).

&

New on the PAGES Bookshelf:

Past Climate Variability through Europe and Africa
Richard W. Battarbee, Frangoise Gasse and Catherine E. Stickley, eds.,
Developments in Paleoenvironmental Research Series, Vol. 6, 2004

Springer, 638 pp., Hardcover, ISBN: 1-4020-2120-8, US$ 159.00 / Euro 120

This book provides a major synthesis of evidence for past
climate variability at the regional and continental scale across
Europe and Africa. It focuses on two complementary time-
scales, the Holocene (approx. the last 11,500 years) and the
last glacial-interglacial cycle (approx. the last 130,000 years).
An overview of the climate system of the past has never been
attempted before on this scale and, as such, the volume
represents a benchmark for future research.

It is written by an expert group of climate-change scientists
and presents an insight into past climate variability that
challenges climatologists who seek to explain climate
dynamics of the past, and provides climate modelers with a
work of reference for data-model comparison. The book is an
advanced but very readable text, essential for all students and
scientists interested in global environmental change.

This book represents the PAGES PEP Ill Synthesis.

asl L |'_| :
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Announcements

Tales from the Field

PAGES IN PATAGONIA

This past January, | was working
in southern Patagonia collecting
paleomagnetic samples for my
current project studying secular
variation of the Earth’s magnetic
field over the past 5 myr. Accom-
panied by Chris Condit and Matt
Gorring, two igneous petrologists,
we were sampling Plio-Pleistocene
lava flows around the small town of
Gobernador Gregores.

The land in Argentina is private-
ly owned, held in large “estancias”
(ranches). Due to over-grazing and
the decline of a world market for
wool, many of these establish-
ments are abandoned or left to a
single caretaker. We spent consider-
able time each day tracking down
owners, explaining our project
and obtaining permission to col-
lect samples on their land. One
morning, we called on Estancia La
Angostura, some 50 km from Greg-
ores on a not-so-great dirt road. This
estancia was more prosperous than
most due to a permanent river in its

Fig.1: Chris Condit, University of Massa-
chusetts, crossing the Rio Chico, with La
Angostura lavas in the background.

midst and the fact that they rented
rooms to passing travelers.

We stopped in at the ranch
house and explained to the owner
that we were geologists and were
interested in sampling the lava
flows across the river. He greeted
us warmly, invited us in and gave
us cold drinks and seats in the din-

ing room. He was very interested
in what we were doing and was
quite knowledgeable about geol-
ogy. When we commented on
this, he went to a glass-fronted
Victorian bookcase and from the
bottom shelf proudly produced not
one but two copies of a PAGES PEP
| report in Spanish. He asked if we
were familiar with the project and
was quite impressed when | said
that not only did | know the project
but that the lead author of the main
article, Ray Bradley, and | were at
the same University. He proudly
explained that some people from
the project (those working on Lago
Cardiel) had stayed with him.

Amazing to be in the middle of
nowhere and to discover that those
pesky paleoclimatologists had been
there already!

Laurie Brown
University of Massachusetts, USA
Ibrown@geo.umass.edu

World Data Center for Paleoclimatology update:

The WDC for Paleoclimatology has recently updated its paleoceanography data.
The contributed data is available via the web query and map interface at:

www.ncdc.noaa.gov/paleo/paleocean.html

!

undred
recently
at:

differer
publishec e dat -
www.ncdc.noaa.gov/paleo/contrib.html

Comments: - B
paleo @noaa.gov ; S
Further Information: - - = - =

David Anderson (David.M.Anderson @noaa.gov)
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Announcements

In Memory of Dr. Geoffrey Owen Seltzer

The Quaternary science communi-
ty lost one of its leaders and most
influential and enthusiastic partici-
pants with the passing of Geoffrey
Owen Seltzer on 15 January 2005.
Geoff, 45, was at the prime of his
career and died after a brave 18-
month battle with cancer.

Born in Minneapolis, Min-
nesota in 1959, Geoff earned his
B.A. at Carlton College (1982), and
his M.S. (1987) and Ph.D. (1991)
at the University of Minnesota.
Geoff was a post-doctoral fellow
and senior research associate at
the Byrd Polar Research Center
at Ohio State University and had
served on the faculty of the Earth
Sciences Department at Syracuse
University since 1994. His numer-
ous awards included being named
a fellow of the Geological Society
of America in 2004.

Geoff's major contributions to
the field of Quaternary science
included his careful analysis of
the climatic significance of paleo-
snowlines in the Andes, his novel
use of stable isotopes from Lake
Junin, Peru to develop a record
of regional moisture balance, his
leadership in compiling multi-
proxy evidence from LakeTiticaca
sediments to substantiate early
warming of tropical South America
at the Last Glacial-Interglacial tran-
sition, and his galvanizing efforts
to apply surface exposure dating
methods to date moraines in Peru
and Bolivia. Results of Geoff’s re-
search were published in more
than 42 papers in journals includ-
ing Science, Nature, Geology,
Quaternary Research, and GSA
Bulletin.

Geoff was blessed with a
combination of a keen intellec-
tual insight into many of the key
questions that face the Quaternary
sciences and an ideal personal-
ity for fostering collaborative
research efforts with scientists
from diverse areas of specializa-
tion. He was also very successful
at organizing and coordinating
large research programs and at
obtaining consistent funding for
these ventures. These and similar

A photo of Geoff, healthy and full of life, taken
by Steve Porter at the Snowline Conference
in Scotland in Sept. 2002.

efforts catapulted Geoff into the in-
ternational limelight and likewise
resulted in further collaborative
leadership roles. In 1998, he was
named leader of the PAGES PEP
| Focus, working to compile cli-
mate records along a N-S transect
through the Americas.

Geoff was very active within
PAGES and made many scientific
contributions to workshops and
conferences, with a special empha-
sis on PEP |. Geoff recognized that
future progress in paleoclimate
research must involve a better
understanding of atmospheric
and oceanic circulation systems.
Following on from a PAGES work-
shop on Hadley Cell dynamics in
November 2002, Geoff took on a
major leadership role authoring
a successful proposal to hold an
AGU Chapman conference on
tropical-extratropical climatic
teleconnections (see Workshop
Reports p. 22).

Moreover, working with the
PAGES Scientific Steering Com-
mittee in Banff in June of 2003,
he helped craft the text for an ini-
tiative within PAGES on this very
topic. The Chapman conference
Geoff so carefully planned was
held 8-11 February 2005 at the In-
ternational Pacific Research Center
of the University of Hawaii.
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One of Geoff’s lasting legacies to
Quaternary research was his care
and mentoring of graduate and
undergraduate students. His style
was never too overbearing and
he expected his students to work
very independently. His encour-
agement was always sincere, as
he was. One of the features most
widely associated with Geoff was
his broad smile. He was a true
gentleman and loved to participate
in the communal discovery. Geoff
always made time for people and
truly respected others. His gradu-
ate students have gone on to re-
fine research in tropical snowlines,
water resources, and paleoclimate
reconstructions in South and Cen-
tral America.

It is with genuine sorrow that
we bid farewell to our colleague,
friend and mentor. Responses
from many others who knew Geoff
over the years in various capaci-
ties echo our profound sense of
loss. Geoff deeply valued his
community, and perhaps his great-
est legacy to us is the priority he
placed on how and with whom he
worked. We are reminded in Geoff
that life is very short and that ad-
hering to quality over quantity of
work is important to success.

Bryan G. Mark
Ohio State University
Columbus, USA
mark.9@osu.edu

DonaLp T. RobBELL
Union College
Schenectady, USA
rodbelld@gar.union.edu

Jacqur SmitH, Donarp I. SieGeL
Syracuse University

Syracuse, USA
Jacqui_sm@yahoo.com
disiegel@syr.edu



Program News

The Pivotal Role of Paleosciences in the New IGBP

J.M.F. Morars

IGBP Secretariat, Royal Swedish Academy of Sciences, Stockholm, Sweden; morais@igbp.kva.se

The EPICA, Vostok and Dome Con-
cordia ice core data from Antarc-
tica have dramatically reinforced a
global perspective on the behavior
of the Earth’s environment. Crucial
to this perspective is the increasing
awareness of two aspects of Earth
System functioning.

Firstly, the Earth itself is a single
system within which the biosphere
is an active, essential component.
This system operates with a
regular periodicity, with strong
connections between climate
and biogeochemical cycling, and
within tightly constrained maxima
and minima of key environmental
parameters.

Secondly, human activities are
now so pervasive and profound in
their consequences that they affect
the Earth at a global scale in com-
plex, interactive and apparently
accelerating ways. The effects of
human activities are now discern-
able beyond the limits of natural
variability; humans have become
a planetary-scale force that has
pushed the Earth System beyond
its normal “operating range”

The structure of the new, Phase
Il IGBP research effort mirrors the
enhanced scientific emphasis that
is being placed on Earth System-
level processes and phenomena
and on the more detailed dynamics
within the Earth System.The Pro-
gramme is thus built around eight
projects: three oriented towards
the three major Earth System
compartments—Iland, ocean and
atmosphere; three concentrating
on the interfaces that transport
and transform matter and energy
between the three compartments;
and two focusing on the changing
environment of the planet as a
whole, from past through present
to the future (Fig. 1).

Understanding global change
requires knowledge of the past in
order to assess ongoing processes
and feedbacks and the sensitiv-
ity of various parts of the ocean-
atmosphere-land components, and

to correctly estimate human im-
pact on this system.This temporal
component, especially high-resolu-
tion studies of past abrupt change,
climate dynamics and regional
responses, provides us with the
information necessary to better
predict our future through model-
ing.

In essence, past natural experi-
ments in the Earth System, like
“messages in a bottle” of climate
and hydrologic change preserved
in ice cores, tree rings, lake and
marine sediments, etc., allow sci-
entists to test the reproducibility
of various models to reconstruct
past events. For example, green-
house gas concentrations are ris-
ing rapidly and are influencing our
climate but are the recent changes
observed in the Earth System un-
precedented in the past? In this re-
gard, the dynamic perspective and
timing of recorded events is criti-
cal to unraveling the functioning
of the Earth System. How fast did
the diverse components change in
the past? Where and when did this
happen?

These issues are of major im-
portance and interest to all the
IGBP projects because they permit
an assessment of recent anthro-
pogenically influenced processes

with respect to naturally occurring
past variations. Sea level, biodiver-
sity, land systems, the cryosphere
and atmosphere—all Earth System
components provide records of
their past behavior. PAGES deals
with these past records, integrat-
ing all the IGBP projects alongside
the project on Analysis, Integra-
tion and Modelling of the Earth
System (AIMES), and is therefore
pivotal to each component of the
Programme.

Last but not least, PAGES
provides paleo-perspectives on
the future sustainability of a
habitable planet. As a central
IGBP project, it directs its efforts
towards providing the IGBP com-
munity with regionally significant
and globally relevant information
on the past behavior of the Earth
System, to enable an assessment
of the conditions leading to its
future sustainability. This requires
the integration of records of past
changes, as well as systemic analy-
sis and modeling of paleodata, in
order to better understand human-
climate and ecosystem interactions
through time. Of particular focus
is the value-added use of biogeo-
chemical proxies in modeling,
while exploring ways of assessing

Fig. 1: The new IGBP structure showing PAGES role as the integrating tool.
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contemporaneous change on land
and in the oceans.

At a macro decision-making
level, it is gratifying to see a sign
of the further recognition of the
role of paleosciences: The 4th
Intergovernmental Panel on Cli-

The Future of PAGES/CLIVAR Intersection Activities

C. Kuri!, Z. Yan?, E. Jansen® anp A. WEavER*

Program News

mate Change (IPCC) Assessment
Report will include a full chapter
on paleoclimate. What cannot be
overlooked is the transmission of
these data products and their im-
plications for policy, educational
and societal action through educa-

'PAGES IPO, Sulgeneckstrasse 38, 3007 Bern, Switzerland; kull@pages.unibe.ch
2CLIVAR CPO, Empress Dock, Southhampton, SO14 3ZH, UK; yxy@soc.soton.ac.uk
SBjerknes Centre for Climate Research, Allegaten 55, 5007 Bergen, Norway; eystein.jansen@bjerknes.uib.no
4School of Earth & Ocean Sciences, University of Victoria, Victoria, BC V8W 3P6, Canada; weaver@Quvic.ca

The CLIVAR/PAGES Intersection
Working Group is jointly spon-
sored by the PAGES project of the
International Geosphere-Biosphere
Programme (IGBP) and the Climate
Variability and Predictability Pro-
gramme (CLIVAR) of the World Cli-
mate Research Programme (WCRP).
It plays an important role in devel-
oping and implementing the re-
search agendas of both CLIVAR and
PAGES. The group was established
in the mid 1990s. Details of its histo-
ry are recorded in meeting reports
and relevant publications archived
at: www.clivar.org/organization/
pages/index.htm.

A major issue in the past has
been communication between the
modeling and data communities.
The PMIP (Paleoclimate Modeling
Intercomparison Project) activities
were especially successful, produc-
ing a lot of scientific output. Con-
ferences and workshops showed
a clear need for such collaborative
work in order for modelers to ben-
efit from paleodata to test, calibrate
and assess state-of-the-art climate
models, and for paleoscientists to
be informed about what kind of
data is needed to assess the results
of climate models.

After successful conference ac-
tivities in the past, PAGES/CLIVAR
seeks to address burning issues in
the scientific intersection of the two
projects. In November 2004, the
newly constituted PAGES/CLIVAR
Working Group held its inaugural
meeting in Victoria, Canada. The
group is lead by Eystein Jansen
from PAGES and Andrew Weaver
from CLIVAR.

In the future, PAGES/CLIVAR seeks
to strengthen its collaboration,
while addressing new PAGES- and
CLIVAR-related topics with joint
IGBP-WCRP activities and revised
Terms of References, as follows:

e To promote improved high-reso-
lution, well-dated, quantitative
paleoclimate records with sea-
sonal-to-interannual resolution
in regions that are of direct
relevance to IGBP and WCRP.

e To formulate and promote, in
collaboration with PAGES and
CLIVAR, a program for analyzing
and synthesizing paleoclimate
data, in order to reveal evidence
of patterns of variability within
the climate system over sea-
sonal-to-millennial time scales.

e To promote improved quanti-
tative methods of model-data
comparison and evaluation
in order to understand the
variability present in both the
paleoclimate record and the
models.

e To promote the use of
paleoclimate data to examine
issues of climate predictability.

e To coordinate with other mod-
eling activities of relevance to
IGBP and WCRP.

PAGES News, Vor.13, N°1, Arr. 2005

tion, networking and outreach at all
levels. Here the PAGES website has
taken up the challenge of carrying
the “message in the bottle” further
afield and translating it into more
popular knowledge.

@

NTERSECTIO

Topics for Future Activities will
Include:

1. Climate Variability over the Last
Few Millennia

Well-dated, high-resolution proxy
reconstructions and model simu-
lations incorporating estimates
of natural and anthropogenic
forcings suggest that late 20th
century warming is anomalous in
the context of the past 1,000-2,000
years. Significant differences exist,
however, between various com-
peting estimates (Fig. 1). Despite
progress in recent years, important
uncertainties and caveats exist with
regard to both empirical recon-
structions and model estimates.
One important issue relates to the
varying seasonality and spatial
representativeness of different es-
timates. PAGES/CLIVAR advocates
a paleoclimate reconstruction
methodology and data intercom-
parison project (“PRMDIP") in
which various paleoclimate recon-
struction methods will be applied
to common data sets to elucidate
the differences between methods
and regions, and where further
needs related to the understanding
of the past regional variability will
be discussed. See also the related
Science Highlight by H. Wanner,
pages 19-21).

2. Abrupt Climate Change

Topics considered include ocean
dynamics, ice-sheet stability and
related modeling studies. PAGES/
CLIVAR especially seeks to support
and initiate modeling studies of
past abrupt climate change events.
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. Instrumental record Simulations
O Mann and Jones with uncertainties CSM Crowley
< 051 ---- GKSS Gerber et al. 1.5C02
D — Bauer et al.(14c) Gerber et al. 2.5CO2 4
g ---- Bauer et al.(198e) Bertrand et al. )
c ' " s
S L NN A
g e
5 ry eommaes
©
3
g -05{
i)
At Hi |
200 400 600 800 1000 1200 1400 160 800 00
Year

2000

1
1900

1800

Fig. 1: [Reprinted from Jones and Mann, 2004, Reviews of Geophysics, © American Geo-
physical Union]. Model-based estimates of northern hemisphere temperature variations over
the past two millennia. Shown are 40-year smoothed series. The simulations are based on
varying radiative forcing histories employing a hierarchy of models, including 1-D energy
based models (Crowley, 2000), 2-D reduced complexity models (Bauer et al, 2003; Bertrand
et al, 2002; Gerber et al, 2003), and fully 3-D coupled atmosphere-ocean general circulation
models (GKSS, Gonzalez-Rouco et al, 2003; (ECSM, Ammann et al., submitted). Shown for
comparison is the instrumental northern hemisphere record 1856-2003 (Jones et al, 1999)
and the proxy-based estimate of Mann and Jones (2003) extended through 1995, with its
95% confidence interval. Models have been aligned vertically so as to have the same mean
over the common 1856-1980 period as the instrumental series (which is assigned zero mean

during the 1961-1990 reference period).

As a possibility, the 8.2 kyr event
might be studied in order to test the
ability of the models to simulate the
proxy record.

3. Hydrologic, Biospheric, Land-
Surface Interactions
PAGES/CLIVAR acknowledges the
recent progress made by the PMIP |
and PMIP Il communities. Compari-
son of modeling data and related
proxy evidence for mid-Holocene
paleoenvironments in, e.g., Africa,
needs to be extended to further
regions and time-slices. PAGES/
CLIVAR looks forward to following
PMIP activities and will support
relevant issues.

4.Tropical-Extratropical Links In-
cluding Ocean and Atmospheric
Teleconnections

Close interaction is expected be-
tween the CLIVAR Southern Ocean
Panel and the PAGES IMAGES
Southern Ocean Program, in addi-
tion to obvious links to the already

established science community
dealing with these topics. Extension
of the workshop series to promote
model-data intercomparisons of
tropical-extratropical interactions
will be supported in order to better
understand past and recent climate
variability and possible anthropo-
genic influences. PAGES/CLIVAR
will also promote studies in the
fields of ENSO, Monsoons, NAO,
PDO and IOD.

5. Overarching and Cross-Cutting
Implementation Issues
PAGES/CLIVAR will promote and
coordinate the forward modeling
of proxy data, since these activi-
ties have become promising links
between the paleo and modeling
communities. The website, news-
letters and other outreach products
will be enhanced in order to involve
more scientists in PAGES/CLIVAR
activities.
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Implementation:

The PAGES/CLIVAR Working Group
proposes to address and report on
the progress of the relevant issues
by means of workshops, special
sessions at meetings and special
journal issues, and via PAGES and
CLIVAR newsletter articles.

At the top of the proposed
agenda is the first workshop, to
be dedicated to regional variability
over the past few millennia. This
workshop will compare current
approaches for reconstructing past
climate variability: Proxy recon-
struction methodology and the data
intercomparison project (PRMDIP).
Contributions from participants
in the PRMDIP project modeling
experiments would be expected
beforehand, so that the workshop
could focus on comparing the re-
sults of different approaches and
focusing on proxy reconstruction
methodology.

It is likely that the results of this
intercomparison will be published
following the meeting. Further in-
formation will be available on the
PAGES/CLIVAR website:
www.clivar.org/organization/pages/
index.htm

@ Contribute:

Is this your field of expertise?

Scientists interested in

joining this effort should con-
tact Christoph Kull at the PAGES
IPO (kull@pages.unibe.ch) or
ZhongweiYan at the CLIVAR
CPO (zxy@soc.soton.ac.uk).
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Southern Hemisphere Climate Change: Re-coring Lynch’s Crater

R. Wiist

School of Earth Sciences, James Cook University, Townsville QLD 4811, Australia; raphael.wust@jcu.edu.au

The AthertonTablelands in tropical
NE-Queensland, Australia, con-
tains several good locations that
record paleoclimate changes for
the southern hemisphere. Lynch’s
Crater (S17° 21/, E145° 41') contains
the longest peat and lake sediment
record, spanning the last ~200,000
years (Kershaw, 1978; Kershaw,
1986). Previous studies were based
on a 60-m-long core recovered
with a hollow auger drill system.
Unfortunately, storage and earlier
investigations have left only a few
crumbs of the original material.

In the mid 1990s, Peter Kershaw
(Monash University, Melbourne)
and Chris Turney (Queens Univer-
sity, Belfast) decided to investigate
anthropogenic influence and to track
volcanic activity, based on material
recovered with a Livingston-corer
(16 m deep). The work revealed
the potential of the site as a record
for human arrival in NE-Australia
(Turney et al., 2001) and showed its
sensitivity to ENSO strength (Turney
et al., 2004).

| arrived at James Cook Uni-
versity in Townsville in 2002 and
saw the opportunity to move my
research focus from tropical peat-
lands to peatland and lake deposits
from the southern hemisphere. In-
spired by the earlier work of Peter
Kershaw and the latest findings by
Chris Turney, we decided to apply
for project support to re-core and
investigate a complete lake record
from Lynch’s Crater, so as to extend
the initial record. While the applica-
tions to the Australian Research
Council were pending in 2003, the
National Geographic funded drilling
with Damien Kelleher and his 4 WD
truck-mounted drill-rig from the Re-
search School of Earth Sciences at
the Australian National University
(ANU). We used a hollow auger sys-
tem that could recover 62-mm-thick
core material with both wire-line or
rod techniques. Unfortunately, bad
weather and the sediment proper-
ties only enabled us to recover 20
m with a poorly preserved stratig-
raphy.

Fig. 1: Left: View from the crater rim south with location of drill site. Middle: Core section from
the lower part of the core (5,480-5,499 cm depth) with finely laminated lake sediments overlying
a graded bed at the bottom. Right: ANU drill-rig with hollow auger system in action on site.

Additional funding from a James
Cook University Program Grant
was used to return to Lynch’s Cra-
ter in October 2004 but frustratingly
the first hole at a different site pro-
duced similar results, despite using
a modified drill (a sediment lock-out
mechanism using a diaphragm at
the end of the head auger and a
core catcher). During a relocation
of the drill rig closer to the site
where the drilling was completed
in the 1970s, new ideas about the
sediment properties surfaced. We
realized that the sediment in the
subsurface was not under hydro-
static or hydrologic pressure as
previously assumed when sedi-
ment shot up the augers but that
the auger head was disturbing the
sediment in such a way that it drew
the water towards the head and lig-
uefied the sediments. We adjusted
the system so that the core barrel
was at least an auger length in
advance of the rotating lead auger
in order to avoid liquefaction and
pressure build-up around the head.
Once these changes were made, we
recovered a complete sequence of
peat (top 15 m) and laminated lake
sediments (including graded beds)
to a depth of 64 m.

Multi-proxy analyses such as
tephrachronology, palynology,
geochemistry, mineralogy, etc., will
be carried out by a diverse group
of researchers and funding from
the following grants: ARC Discovery
(Wust, Kershaw, Anderson), ARC
QEll (Turney), National Geographic
(Turney, Kershaw), JCU PG (Wust,
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Heimann, Smithers, Ridd), AINSE
(Muller).

The following institutions and sci-
entists were engaged in the drilling
of Lynch’s Crater in 2004:

e Australian National University,
Canberra: Damien Kelleher

e Monash University, Melbourne:
Peter Kershaw, Susan Rule,
Jono Brown

¢ University of Wollongong: Chris
Turney

* Queens University, Belfast:
Sarah Davies

e University of Queensland, Bris-
bane: Patrick Moss

¢ Florida International University,
Miami: William Anderson

¢ Imperial College, London: Malin
Kylander

e James Cook University, Towns-
ville: Raphael Wust, Joanne
Muller, Toni Williamson
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Japan

Welcome
Japan congists of 8 long island chain extending more than 2,000 km in the NE-SW direction, surraunded by
oceans such as the Pacific 1o the east, the East China Sea to the southwast, the Japan Sea to the west, and
the Okhotsk Ses to the northeast. Jepan ead its surrounding area have a wvariety of climate regimos,
ranging from subtropical to subarctic. Japan has a leng history and abundant histerical records on climate
in the past. This provides a rare opportunity 1o conduct palecclimatic studies on land-ocean interaction,
high latitude-low latitude linkage, and paleoclimatic impact an human activities.

Mational Science Highlight: Proxy PDO signals and recent anthropogenic impact reconstructed from
KEamchatkan glacier
Takayecki SHIRANMA (Institute cf Low Temperatura Science, Hokkaida University)

The eryosphere in Kemchatka Peaninsula, Russian Far Mk acturmaltion ol bl Do {4 Pl it
East, has been deteriorating since the end of the 18th ap o 1620 24 78 o
cantury. This is evident from wvarious prosy climate
records such as changes in mass balances ard arcas of
glaciers, ice-carg  signals and tree-ring  width
chromologhes. Tha upper 100 m of & 212 m lkee core -
recovared fram a crater glacier covering the summit of z = %
Ushkowvsky Volcano (3,902 m a.5.1.) showed the climate . - -
and atmospheric history ovar 170 years, There was ]
anrichmant of stable oxygen isolopes by an amount of
0.8 per mil from the 19th to the 20th centuries,
Fluctuations of the net accumulation rate and the
avarage annual stable oxygen solope revealed
decadal-to-interdecadal cscillations. The two signals
showed anti-correlation with the so-called Pacific
Decadal Oscillations (PDO) Index, indicating that Fig.1: Record of the upper 100 m of a 212 m ice
pasitivie PDO is associated with low snow accumulation core recovared from UshEowvsky Volcano (3902 m
and depleted stable oxygen isotope in Kamchatka. The agll) showing 170 pears of climatic and
crosa Pacific PDO impacts ware also detected in the net  Afmosghenic hisrory.

accumulation time-series in an ica core that wa racently
abtained at King Col, Mount Logan, Canada. Mitrate ion
hias Baean increasing by approx, 100 ppb since the end
af the 19th century, which implies acceleraled human
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Radiocarbon in Tree Rings: A Unique Treasure of Information

J. BEER

Swiss Federal Institute for Environmental Science and Technology, 8600 Dibendorf, Switzerland; juerg.beer@eawag.ch

The radiocarbon dating method
is by far the most important tech-
nique for dating the past 50,000
years. It is based on the assump-
tion that the atmospheric “C/2C
ratio was constant at all times
due to the equilibrium between
production and decay of “C (half-
life: 5,730 y). Living organic mat-
ter is in constant contact with the
atmosphere and therefore contains
the same C/'2C ratio. At the time
of death, the organic matter is de-
coupled from the atmosphere and
the C/2C ratio begins to decrease
according to the law of radioactive
decay.

However, it is now clear that
the assumption of a constant C/
2C ratio is not quite correct and
that this ratio deviates by up to
20% from the value of 1950. This
corresponds to an age difference
of about 1,500 years. Several lead-
ing radiocarbon laboratories made
a joint effort to determine the past
deviations of the atmospheric “C/
2C ratio by analyzing dendrochro-
nologically dated tree rings all the
way back to 12,000 years before
1950 (Stuiver et al., 1998). This
decadal A™C record is shown in
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Fig. 2: Comparison of the measured A*C from tree rings with the calculated AC derived from
“Be in the GISP2 ice core (Muscheler et al., 2000). The agreement during the Younger Dryas
is poor (upper set). An agreement can only be obtained by additionally reducing the global

deep-water formation (lower set).

figure 1 and provides the base for
calibrating the radiocarbon ages.
Although the observed deviations
cause problems in dating, they
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nevertheless provide a wealth of
unique information on the history
of the production of cosmogenic
radionuclides and the global car-
bon system.

4C, as well as other cosmogenic
radionuclides ("°Be, 3¢Cl), are pro-
duced by the interaction of cosmic
rays with the atoms of the atmo-
sphere. After production, *C forms
1“CO, and begins to exchange with
the biosphere and the ocean (see
cover). Interpretation of the ob-
served A'C changes is not straight-
forward. Changes in A™C can be
caused either by changes in the
production rate (due to changes in
solar activity and geomagnetic field
intensity) or the carbon cycle (due
to changes in size and exchange
fluxes between the reservoirs). The
situation is further complicated by
the fact that the atmospheric “C/2C
ratio determined at a specific time
not only reflects the momentary
production rate and system condi-

tions but also ‘remembers’ to some
extent earlier changes stored in the

Fig. 1: Deviations of the atmospheric “C/"?C ratio from a standard value for the past 12,000
years (0 is 1950) as derived from tree rings (Stuiver et al., 1998).
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Fig. 3: Example of a fossil Kauri tree excavated in a swamp in New Zealand.

large reservoirs. Without further in-
formation, it is a priori impossible
to decide whether an observed “C
change is caused by solar activity,
geomagnetism or ocean circula-
tion.

One way to gain additional in-
formation is to compare the A™C
record with '°Be records from ice
cores (see cover). °Be is produced
in a very similar way to "C but its
geochemical behavior is complete-
ly different. As a result of the large
reservoir sizes and the relatively
small exchange fluxes between
them, the mean residence times of
4C are quite long and range from
8 years in the atmosphere to more
than 1,000 years in the deep ocean.
This leads to a considerable attenu-
ation of the amplitudes of produc-
tion changes and to phase lags
(Siegenthaler et al., 1980). On the
other hand, the mean atmospheric
residence time of "°Be is only about
1 year and, therefore, °Be directly
reflects production changes on
decadal or longer time scales
without any significant attenuation
or phase lag. To compare C with
°Be, the Be record first has to be
turned into A™C by means of a car-
bon cycle model that accounts for
the different reservoirs and the ex-
change processes between them.
In figure 2, such a comparison
is made for the Younger Dryas

(13,000-11,500 BP) (Muscheler et
al., 2000). The tree-ring based A'C
(solid blue line) agrees well with
the calculated A™C based on "Be
from Greenland ice, except for the
Younger Dryas period (Fig. 2, upper
set). However, if, in addition, the
global deep-water formation is re-
duced in the model by some 30%,
the agreement is considerably im-
proved for this period (Fig. 2, lower
set) (Muscheler et al., 2000).

This example shows the poten-
tial of this technique. The results
obtained so far show that during
the Holocene period (Fig. 1), A™C
can be explained to a very large
extent by a combination of solar
and geomagnetic modulation.
The short-term peaks are mainly
due to periods of reduced solar
activity (Maunder Minimum type
events) while the long-term trend
is mainly the result of changes in
the geomagnetic dipole moment.
There is no evidence of significant
4C changes caused by the global
ocean circulation or other system
effects during the past 12,000
years.

However, the last glacial, which
was characterized by large and
abrupt climate changes, shows
clear indications of considerable
changes in the carbon cycle.To in-
vestigate these changes, an exten-
sion of the high-precision tree-ring
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calibration curve is indispensable.
There are already a considerable
number of A™C reconstructions
in various archives (sea and lake
sediments, stalagmites). However,
a high-precision, high-resolution
atmospheric “C/'2C record cover-
ing the period 12,000-50,000 BP is
still missing.

Existing chronologies based,
for example, on German oak trees,
cannot be extended into the gla-
cial period because there were no
oak trees in Germany at the time.
An excellent opportunity to cover
the glacial period is offered by the
Kauri trees in New Zealand (Buck-
ley et al., 2000). Kauri trees have
been growing in New Zealand for
at least the past 50,000 years and
are quite easily found in swampy
areas (Fig. 3).

An extension of the tree-ring
calibration curve to 50,000 years
is not only fundamental to the
radiocarbon dating technique,
in combination with other radio-
nuclides it also provides unique
information on solar variability,
paleomagnetism, the carbon cycle
in general, and the ocean circula-
tion in particular.
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Fluvial Record of Late Pleistocene and Holocene Geomorphic Change
in Northern Tunisia - Global, Regional or Local Climatic Causes?

D. Fausrt?, C. ZieLuorer?, F. Diaz per Ormo? anp R. B. Escubero?®

'Dept. of Physical Geography, Dresden University of Technology, 01062 Dresden, Germany; dominik.faust@mailbox.tu-dresden.de
2Dept. of Physical Geography, University of Seville, 41004 Seville, Spain; baena@us.es

Geomorphical-sedimentological
approaches with high-resolution
stratigraphic records round out
Quaternary paleoclimatic and pa-
leo-process research. Our investiga-
tions focus on Late Pleistocene and
Holocene floodplain evolution.

The central Medjerda Valley,
Northern Tunisia (Fig. 1) is a tec-
tonic depression zone that has
its origin in the orogenesis of the
Atlas Mountains. An up to 10 km-
wide floodplain has been incised
into it by the meandering Medjerda
River. The floodplain is filled with
Quaternary sediments, the latest
of which are of Late Pleistocene
and Holocene age. The floodplain
sedimentation allowed the develop-
ment of predominantly horizontal,
well-stratified layer sequences, in-
terrupted by soil-forming processes
(Fig. 1).

Methodology

From 1999 to 2002, fieldwork led to
the selection and sampling of more
than 20 representative key profiles.
Field observations and pedological
analyses (granulometry, organic
matter, CaCO; content of clay and
silt fraction, heavy minerals, thin
section analyses) allow us to dis-
tinguish five main stratigraphical
series. About 60 AMS radiocarbon
samples establish a late Quaternary
chronology. In several cases, char-
coal pieces are remnants of firesites
and cultural layers, so we assume
we have dated in situ material.

In our investigation, magnetic
intensity [mA m-'] and magnetic
susceptibility [K, = 10 S| units],
as well as inclination and declina-
tion [°], were recorded. Because of
significant similarity with secular
variation curves from Sicily (Tan-
guy et al., 2003), our declination
and inclination values give major
chronological information about
floodplain evolution.

On the basis of chronological
findings (paleomagnetics, “C data,
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Fig. 1: Area of investigation; excellent exposure conditions allowed detailed sampling.

artifacts) and the corresponding
sediment thickness of the layers,
we can reconstruct a curve for
average sedimentation rate. In
doing so, the sedimentary condi-
tions between two chronologically
well-known marks are regarded as
homogeneous. Records of sedi-
mentation rates give detailed in-
formation about late Pleistocene
and Holocene alluvial history.

Results

Detailed morphostratigraphical
fieldwork, paleomagnetics and
radiocarbon dates provide a cen-
tennial-scale record of Northern
Tunisian fluvial sequences (Fig. 2).
Alternating sediment texture, sedi-
mentation rates and soil formation
within Medjerda overbank deposits
indicate short-term fluctuations in
late Pleistocene and Holocene flu-
vial dynamics. Mediterranean river
systems show a direct reaction to
climatic shifts even of short dura-
tion.

Stratigraphically, the base of
the synthetic profile is composed
of a well-developed, rubefied soil.
This soil is formed in a floodplain
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sediment in which interbedded
mollusces give a radiocarbon age
of approx. 42.8 ky (uncal). The red
soil is covered by fine sedimenta-
tion (silty-clayey) at about 13.5 ky
cal BP.This sedimentation contin-
ues until 12.6 ky cal BP, under cli-
matic conditions similar to modern
times (macroremnants of a dated
firesite). According to our datings,
the Younger Dryas begins at 12.4
ky cal BP and ends about 11.8 ky
cal BP. During the Younger Dryas,
coarse sediments and gravels
were deposited. The onset of the
Holocene (11.8 ky cal BP) is marked
by fine sedimentation lasting until
6.6 ky cal BP.This is a long period
of geomorphic stability, even if
sedimentation seems to accelerate
at about 8.2 ky cal BP, indicated by
the paleomagnetic records of some
profiles. At 6.6 ky cal BP, the stable
period is interrupted by sedimenta-
tion of coarse material. The period
that follows is characterized by fine
sedimentation in most parts of the
floodplain in which a distinct soil is
formed (Mid-Holocene Stability).
Around 4.8 ka cal BP, poorly
sorted sediments cover the mid-
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Fig. 2: Synthetic profile of the Medjerda Valley, Northern Tunisia. Chronostratigraphy is based

on the analyses of 20 key profiles.

Holocene soil. This indicates an
enhancement of morphodynamic
processes. Sediments then fine-
up until Punic times. After 3.0 ka
cal BP, increased morphodynamic
processes take place for a short
time (dating of two firesites in
one exposure). This aggradation
of sandy deposits ends about 2.7
ka cal BP. About 2.0 ka cal BP, mor-
phodynamic stability and soil for-
mation may be observed, although
the timing of the beginning of soil
formation is still unknown. At 1.7
ka cal BP, an accentuated restart
of fluvial dynamics takes place. At
this time, the morphodynamically
stable Punic-Roman period ends
and most of the soils are buried
under coarse sediments (Post Ro-
man Crisis). Certain sediment strata
with ages between 1.2 and 0.8 ka cal
BP show humic enrichment due to
soil formation. Subsequent minor
flooding yields only fine sediments.
The top of this sediment-sequence
also shows a slight humification. At
0.4 ka cal BP (dating of a firesite),
devastating floods occur in the en-
tire Medjerda Basin, leaving thick
laminated sediments, referred to
as theYoungest Layer.

Conclusions

The Medjerda river system within
the semi-arid to sub-humid subtrop-
ics of Mediterranean North Tunisia

was sensitive to paleoclimatic shifts.
Dominant climatic influences were
not due to changes in temperature
but to shifts in humidity. According
to Rohdenburg (1983), geomorphic
activity in the subtropics responds
to aridification of the climate.

The centennial-scale synthetic
profile indicates that:

a) Changes in fluvial dynamics
during the late Pleistocene to
early Holocene can be assigned
to global climatic shifts. Climate
changes due to shifts in the
North Atlantic deep water forma-
tion also seem to be reflected in
the central Mediterranean re-
gion. However, the paleogeo-
morphological response of the
Younger Dryas appears to be
significantly shorter.

b) In the course of the early to

mid-Holocene, major shifts in

the Medjerda fluvial dynamics
correlate with changes in Saha-
ran climate. Brief Saharan aridi-
fication around 5 ka corresponds
with the 4.7 ka collapse within
the Medjerda River system. In
contrast, the worldwide docu-
mented 8.2 ka EMTH event can-
not clearly be deduced from the
Medjerda overbank deposits.
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c¢) Medjerda overbank sediments
document increased fluvial activ-
ity around 6.6 to 6.0 ka. The 6.6
ka event is not well described in
other paleoclimatic records. This
indicates the possibility of major
changes in aridification, even at
a regional to local scale.
d) The comparison of mid- to
late Holocene sedimentation
rates of the Medjerda with the
Haematite curve of Bond et al.
(2001) reveals a parallel pro-
gression of late Holocene North
Atlantic coolings and increased
alluviation in Mediterranean
Tunisia. Short-term periods of
geomorphic activity in Northern
Tunisia match well with North At-
lantic Bond events. The findings
indicate a climatic link from the
4.7 ka collapse until today. Dur-
ing the last 2,000 years, climatic
optima caused landscape stabil-
ity regardless of the land-use
intensity (Faust et al. 2004). Our
findings provide evidence that
late Holocene fluvial dynamics
in Northern Tunisia were chiefly
driven by climate. Anthropo-
genic impact at most intensified
or attenuated the geomorphic
processes.
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Tracing Paleoclimatic Signatures in Fossil Woods and Sub-fossil Logs
of Kerala, Southwestern India
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Fossil woods and sub-fossil logs,
the hard and compact parts of
plant remains, are an important
source of information on environ-
mental changes of the geological
and recent past, as they show
detailed cellular structure that
can be compared with a modern
analogue. Unlike those of older
geological periods, Quaternary
woods are fossilized as ‘fusains’,
a charcoal-like material, in the
lignites and peats or remain un-
decayed as sub-fossil. Provided
they possess annual growth
rings, these fossils form a valu-
able source of climatic data where
there is a lack of contemporaneous
meteorological records. As growth
ring formation is primarily related
to climatic conditions, a few of
these woods may turn out to be
potential species for assessing the
pattern of climatic changes in the
last few thousand years. Such an
application is already gaining im-
portance in paleoclimatic research
(Bhattacharyya et al., 1992; Creber
and Francis, 1999).

It is estimated that about 25%
of the tropical trees in India are
known to produce growth rings
(Chowdhury, 1964) but climate-
controlled growth-ring formation
occurs in only a few species. Most
of these broad-leaved tropical
trees have persisted since the Mio-
cene along the west coast of India
(Srivastava and Awasthi, 1996),
and, as such, there is great poten-
tial for their use in dendroclimatic
analysis. Teak (Tectona grandis),
Cedrela (C. angustifolia) and Toon
(Toona ciliata) are some of the
species with distinct growth rings
that have already been exploited
for tropical dendroclimatology
(Bhatttacharyya and Yadav, 1989;
Tomazello et al., 2001). However,
new techniques involving stable
carbon and oxygen isotopes as in-
dicators for processes underlying
tree growth and climate proxies
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Fig. 1: Landward extension of Kerala-Konkan
Basin. The shaded part represents the location
of the South Kerala sedimentary basin study
area between Kollam and Kodungallur.

may help when studying tropical
trees with indistinct growth rings
(Helle and Panferov, 2004; Verhey-
den et al., 2004). By using such
techniques, it may be possible to
track climatic signals back to pre-
instrumental times. Tree trunks
embedded in carbonaceous and
silty clays at different stratigraphic
levels from several locations along
the Kollam-Kodungalloor stretch
of the South Kerala sedimentary
basin (Fig. 1) are described here,
and their importance as potential
archives of Late Quaternary envi-
ronment addressed.

There have been a few reports
of fossil woods from the Late Qua-
ternary deposits of this stretch of
Kerala (Agarwal et al.,1970; Nair et
al., in press, Guleria et al., 2004).
Rarely, however, are these reports
accompanied by any description of
the geological settings and tapho-
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nomy associated with the fossils.
Neither the spatial and temporal
distribution, nor the dendrocli-
matic aspects of these woods have
been described so far, despite the
fact that the woods have been ex-
cavated and used by local inhabit-
ants for many decades. Moreover,
except for a few radiocarbon dates,
no other details are available,
though the woods form potential
archives of environmental changes
and paleoclimatic signatures.

Large and small trunks of trees,
often with their bark and parts of
their roots and branches intact, are
very common in the seasonal and
perennial wetlands. In some cases,
the woods are partly carbonized,
especially the Late Pleistocene se-
quences. Holocene logs are gener-
ally found with bark and their hard
woods intact (Fig. 2a, b). Although
these fossil woods are yet to be
identified based on anatomical
characteristics, data (vernacular/
local names) provided by the local
inhabitants reveal that at least 13
species of tropical wet evergreen
and semi-evergreen forests occur
in this region (Table 1). Some of
these species have already been
reported from the Neogene sedi-
ments (Miocene-Pliocene) belong-
ing to the Warkalli Formation, and
a few of them are still grown in
sacred groves, relicts of the pris-
tine forest that thrived until the
Late Pleistocene-Early Holocene
in the lowlands of Kerala (Nair et
al., in press).

The accumulation of fossil
woods and sub-fossils of large
forest trees in huge quantity in
the South Kerala coastal plains
has considerable significance for
inferring the ecology, depositional
environment and geological events
of the Late Quaternary. It is likely
that extensive floods after the
transgression might have caused
massive destruction of the coastal
forests, which in turn buried the
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Fig. 2: Fossil wood and subfossil log of Kerala coast: a) Subfossil log excavated from the
backwaters of Pathiyoor; Early Holocene. b) Partially carbonized fossil wood, Early Holocene.
¢) Cross section of specimen “a” showing growth-ring pattern. d) Sector enlarged view of
specimen “c” showing closer view of growth rings.

huge trunks of trees. Evidence for
such large-scale floods and scour-
ing in the Early Holocene has been
presented recently for monsoon
Asia (Kale et al., 2004). There fos-
sils are believed to have accu-
mulated in situ, as many of them
possess intact roots and branches
and some of them have bark, pro-
viding evidence of quick burial.
This indicates that these fossils did
not drift too far from their place of
origin, and hence are of consider-
able significance in determining
the provenance of the vegetation.
A profuse growth of wet evergreen
and semi-evergreen vegetation
comprising many woody species,
viz., Dipterocarpus, Hopea, Shorea,
Diospyros, Canarium, Artocarpus,
Mangifera, Pterocarpus, Toona,
Leea and Cullenia (fossil pollen
only) might have been aided by
the high Asian Summer Monsoon
reported to have been approx.
three times greater than the pres-
ent rate of rainfall.

The area of investigation pres-
ently receives annual rainfall rang-
ing from 200 to > 500 cm of which
~70% is from the SW-Monsoon,
otherwise known as the Asian
Summer Monsoon. Our analyses
of the palynodebris and sediment
characteristics suggest that there
were two periods of abnormally

high rainfall, one before the Last
Glacial Maximum (LGM) and an-
other during the Early Holocene.
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Many of the landforms in the
coastal plains and several of the
landforms in the hinterland have
been shown to contain a partial-
to-complete record of the period
from the Late Pleistocene to the
Holocene. In addition, there are
indications that some of these ter-
rains were sub-aerially exposed
lands that were thickly forested. As
a result of abnormally high rainfall,
coupled with tectonics and the an-
tecedent landform characteristics,
the trees that grew there were
possibly uprooted and buried
right there. This would be unique
to this area, and therefore calls for
detailed and systematic investiga-
tion with regard to sub-fossil wood
and vegetational history.

As the fossil logs are found in
abundance and are incorporated
(coalified in varying degrees) into
peat or lignite, the cellular details
ought to have been preserved
in them. The various processes
involved in fossilization may

Table 1: List of fossil woods and subfossil logs excavated from the wetlands of Kerala, based on
data obtained from the local inhabitants and their potential for dendroclimatological study.
* Fossils known from the Neogene Kerala coast sequence.

Sr. | Yermacular | Botanical nama | Famibly
No, | name
(Malayalam)
1. | Anjoli f Aini | "Arfocarpus Moracaas
hirsutus Lamk,
2. | Pavu Moracesae
hlgroph)yiious
Liamk
3, | Kunthinkkam | SCanamum Burseraceae
{Pantham, sirictinm
Thall 5 ]
4, | Eefty Datbargia fatifolia | Fabaceas /
Rouby. Papiionaceae
5. | Kambagam “mm Chpteocanpas
& | Elanjhi tmm:paw Sapolaceas
7. |Vengha Prerocarmpus Fabaceas
FRATSLYHLTE
8 | Odal Sarcostigma Icacinacaas
e
9. | Puli 2! indica m
10. | Thekiu Tl:'dmm Verbenaceas
11, | Pllamaruthu | *Terminala Combretaceas
12. | Agil Lﬁﬁ Meliaceas
13, | Mavu Mangifera indica | Anacardiaceas
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preserve the anatomical details
of the wood so well that growth-
ring studies may be carried out
on them exactly as if they were
modern wood. Although conifers
in temperate and sub-alpine zones
have been exploited for climatic re-
construction, tropical and subtropi-
cal trees, with the exception ofTeak
(Tectona grandis), have been sel-
dom tested. This is due to a lack of
information on datable tree rings
from the Indian subcontinent. Nev-
ertheless, transverse sections of
some of the fossil logs look similar
to growth rings, although they are
yet to be evaluated microscopically
(Fig. 2¢, d).

Further excavation and meticu-
lous searching of the fossil woods
and sub-fossil logs in the wetlands
of Kerala may lead to the identifica-
tion of additional potential species
for dendroclimatic study. Although
a few taxa have demonstrated the
potential for climatic reconstruc-
tion of the historical period, no
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attempt has been made yet to ex-
amine the Holocene or recent past
based on tree growth-ring studies.
In fact, tree-ring studies of tropical
forest species have not often been
undertaken, though such studies
would be of great significance in
terms of investigating global cli-
matic change.There is good scope
for paleo-dendroclimatological
study in India and what has been
discovered so far appears to be
only the begining.
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An Upwelling Seesaw in the Atlantic Ocean: Model Results and
Paleoceanographic Evidence
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mprange@palmod.uni-bremen.de; mschulz@palmod.uni-bremen.de

Coastal Upwelling in the
Atlantic Ocean

Coastal upwelling regions are im-
portant areas of investigation for
paleoclimate research because of
their high-resolution sedimen-
tary archives and their sensitiv-
ity to environmental changes.
Understanding the interactions
between coastal upwelling zones
and climatic conditions is crucial
for a proper interpretation of the
sedimentary record. In the Atlan-
tic Ocean, the two major coastal
upwelling regions are located
along the coasts of northwestern
(Mauritanian upwelling zone) and
southwestern Africa (Benguela-
Namibia upwelling system). The
strength of African coastal upwell-
ing is a function of the alongshore
winds, which in turn are closely
tied to the trade-wind systems in
both hemispheres. We analyzed
the response of the major Atlan-

Atlantic Ocean Heat Transport
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Fig. 1: Northward heat transport in the Atlantic Ocean for experiments CTL (control), MWE
(meltwater event) and CAS (Central American Seaway). A reference temperature of 1.3°C has

been used in the calculations.
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Modern Situation

Reversed Cross-Equatorial
Heat Transport
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Fig. 2: Schematic of the coastal upwelling seesaw in the Atlantic Ocean. Today, the subtropical highs over the North and South Atlantic are
associated with a trade-wind system that promotes upwelling along the coasts of northwestern and southwestern Africa (left panel). A reduced
or reversed cross-equatorial oceanic heat transport causes sea-surface temperatures to drop in the North Atlantic and increase in the South
Atlantic. The resulting effect on the atmospheric pressure system changes the trade-wind strengths, such that upwelling is intensified along
the NW-African coast and weakened off SW-Africa (right panel).

tic coastal upwelling regions to
shifts in large-scale oceanic heat
transport (Prange and Schulz,
2004). Based on coupled climate
model experiments, we suggest
an antiphase behavior between
the upwelling intensities off north-
west and southwest Africa. This
teleconnection can be described
as a “coastal upwelling seesaw”’
The state of this upwelling seesaw
is controlled by variations in the
Atlantic cross-equatorial oceanic
heat transport.

The Coastal Upwelling-Seesaw
in a Coupled Climate Model

Substantial reorganizations of
the large-scale oceanic circula-
tion (and hence cross-equatorial
heat transport) took place several
times in the history of the Atlantic
Ocean, induced by abrupt changes
in thermohaline surface forcing
(e.g., Heinrich Events of the last
glacial period) or tectonic shifts
(e.g., the closure of the Central
American Seaway in the Pliocene).
In order to study the effect of such
processes on Atlantic coastal up-
welling dynamics, we performed
two sensitivity experiments with

the coupled global atmosphere-
ocean model ECBILT-CLIO ver-
sion 3.

The first experiment mim-
ics a glacial meltwater event
(experiment MWE): A complete
shutdown of North Atlantic Deep
Water formation is induced by an
anomalous freshwater input to the
North Atlantic between 50°N and
70°N.The induced reorganization
of the oceanic thermohaline cir-
culation resembles the processes
that occurred during Heinrich
Events.

In the second experiment, we
introduce a Central American
Seaway (CAS) with a depth of
700 m.This topographic situation
is similar to the paleobathymetric
conditions in the late Miocene,
somewhere between 12 and 6
million years ago. The CAS gives
rise to a transport of tropical water
masses from the Pacific into the
Atlantic Ocean. The mean total
volume transport through the
gateway amounts to 14 Sverdrups.
Owing to this inflow of relatively
fresh water masses into the At-
lantic, the formation of North
Atlantic Deep Water decreases by
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about 50% compared to a control
run (CTL) with the closed Isthmus
of Panama.

Both the meltwater input in
experiment MWE and the bathy-
metric modification of experiment
CAS lead to substantial changes
in the Atlantic Ocean meridi-
onal heat transport (Fig. 1). Most
importantly, the heat transport
across the equator reverses com-
pared to CTL, causing a redistri-
bution of heat with cooling in the
North Atlantic and warming in the
South Atlantic. The altered sea-
surface temperatures influence
atmosphere dynamics; cooling in
the North Atlantic intensifies the
northern hemispheric subtropical
high. In contrast, over the South
Atlantic, the subtropical high-
pressure cell is weakened by the
oceanic warming. The resulting
anomalies in wind stress affect
the Atlantic coastal upwelling sys-
tems through changes in Ekman
pumping; the modified trade-wind
systems tend to intensify upwell-
ing off northwest Africa, while up-
welling in the Benguela-Namibia
system is reduced (Fig. 2; Prange
and Schulz, 2004).



Paleoceanographic Evidence

for an Upwelling-Seesaw Effect
During Heinrich Events

Little et al. (1997) analyzed rela-
tive abundances of the cold-water
planktonic foraminifer Neoglobo-
quadrina pachyderma (left coiling)
in sediment cores from the Ben-
guela-Namibia upwelling system
over the last 140,000 years. Short
periods of low abundance, indi-
cating reduced coastal upwelling,
coincide with Heinrich Events. This
correlation is particularly striking
for Heinrich Events 2 and 4.

For the Mauritanian upwelling
zone, high-resolution proxy records
for the last 35,000 years were pre-
sented by Zhao et al. (2000). A low
percentage of the coccolithopho-
rid Florisphaera profunda during
Heinrich Event 2 suggests a weak
surface water stratification due
to enhanced upwelling intensity.
Kiefer (1998) estimated primary
productivity over the last glacial pe-
riod from a core located southwest
of the Canary Islands, about 450 km
off the coast of northwestern Africa.
Peaks in paleoproductivity coincide
with Heinrich Events 2-5. A possible
explanation for these peaks is that

an increased amount of nutrient-
rich upwelling water was advected
from the coast towards the core
location.

A Coastal Upwelling-Seesaw in
the Pliocene?

Utilizing results from Ocean Drill-
ing Program Site 1084, situated off
the coast of Namibia, Marlow et al.
(2000) reconstructed the upwelling
history from the early Pliocene to
the late Pleistocene. Around 4 mil-
lion years ago, increases in mass
accumulation rates of organic car-
bon, diatom abundance, and the
proportion of upwelling species in
the diatom assemblage coincide
with the final stages of the CAS
closure. We hypothesize that the
increase in upwelling intensity off
Namibia during the Pliocene is at-
tributable to the closure of the CAS,
the resulting increase in northward
oceanic heat transport (cf. Fig. 1)
and the operation of the Atlantic
coastal upwelling seesaw. Unfor-
tunately, no unequivocal Pliocene
reconstruction exists for the upwell-
ing region off northwestern Africa.
For an improved understanding of
Pliocene climate processes, future
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studies should focus on upwelling
proxies for the Mauritanian upwell-
ing zone.
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Call for a PAGES Initiative on “Past Regional Climate Variability”

H. WaNNER
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Understanding past environmen-
tal variability is a prerequisite for
the understanding of future envi-
ronmental change. If we intend
to diagnose, for instance, past
climate variability, we have to
be aware that a variety of natural
and anthropogenic forcing mech-
anisms, as well as mechanisms
inducing internal variability, act
together and form a “cocktail”
composition that is temporally
very variable.The pattern of inter-
action in figure 1 attempts to doc-
ument this fact. The upper boxes
show how the forcings, together
with natural variability, jointly in-
fluence the different subsystems
of the climate system. As a result
of these interactions, a variety of
large-scale circulation patterns,
modes and regimes are gener-
ated. These modes or regimes

Natural forcing

e Continental drift

e Orbital changes

e Solar irradiance var.

Human forcing
e Greenhouse gases
le=»| ® Aerosols

* Oz depletion

Internal variability
¢ ENSO

| ® North Atlantic Osc.

® Quasi Biennial Osc.

® Volcanoes ¢ | and-use change e Other
e Cosmogenic nuclides

Ocean 1 Sea-ice i Atmospheric 1 Land-use
subsystem i subsystem i subsystem i subsystem

Characteristic large-scale circulation patterns generate:
e Regional weather (air pressure, airflow, temperature, precipitation)
e Weather extremes like storms, floods, drought, cold spells, etc.

and finally:
LOCAL, REGIONAL AND GLOBAL CLIMATE
(as the integral of weather over a long period)

Fig. 1: Pattern of interaction demonstrating how the different natural and anthropogenic forc-
ing factors, together with internal variability, generate local and global climate variability and

change.
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together cause the generation of
mean and extreme local weather.
The integral of these local weather
phenomena over time and space
results in that which we call local,
regional and global climate.

The first long-term reconstruc-
tions were carried out using a va-
riety of suitable proxy data and
were mainly based on a global or
hemispheric scale (Mann et al.,
1998). Because temperature is
directly related to the global en-
ergy balance, many studies still
concentrate on this variable. In
an earlier contribution to PAGES
News, we already campaigned
for the inclusion of other impor-
tant contributory variables of the
climate system, like air pressure
and precipitation (Wanner and
Luterbacher, 2002). We called it
a LOTRED (Long Term Reanalysis
and Diagnostics) approach. The
basic idea is that the complex
dynamical processes leading to
past and future climate and en-
vironmental change can only be
understood if we also acquire in-
sight into the regional dynamics,
for example, the cooling of the
oceans by strong winds, the de-
flection of airflow by mountains,
or the formation of heavy convec-
tive precipitation.

Two other facts have to be kept
in mind. Firstly, we must consider
that climate variability increases if
the investigated area decreases.
Secondly, the new generation of
coupled climate models delivers
simulation data at smaller region-
al scales (Schar et al., 2004). We
therefore need highly resolved
reconstructions if we intend to
verify long-term past climate
runs. In areas like Europe, where
dense networks with high-quality
natural and documentary archive
data are available, multi-proxy
reconstructions of temperature
on a regional basis with higher
temporal resolution (seasonal or
monthly) are feasible (Luterbach-
er et al., 2004). The present multi-
proxy database has sufficient
quality and density to allow the
first 500-year-long reconstruction
of continental precipitation fields
(Pauling et al., in prep.).

a)

Average 1983 B4 92 93 DJF SLP Anom (194B-2004 normal)NCEF
L]

Fig. 2: Influence of the forcing by the EI Chichén and Pinatubo eruptions on the global winter
(DJF) surface pressure (a) (hPa) and temperature (b) (°C) anomaly fields in the first and second
winter after the eruption (analysis by Paul Della Marta, based on NCAR/NCEP data for SLP
and HADCRUT?Z data for SAT; Kistler et al. 2001, Rayner et al. 2003).

One basic procedure to try to un-
derstand how the complex mix
of natural and anthropogenic
forcings, as well as internal vari-
ability, influence climate modes or
regimes is to isolate one of these
forcing factors that is remarkably
strong, and to study the reaction
of the climate system. In the case
of model simulations, it is rather
easy to generate a single specific
forcing or to study natural vari-
ability under fixed forcing condi-
tions. When using high-resolution
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reconstructed data, we have to
define a period where one of
the factors in the uppermost
boxes of figure 1 was remark-
ably pronounced. By studying
the anomalies during such peri-
ods, we can start to understand
the dominating processes. And,
indeed, most of these processes
cause complex regional patterns.
As an example, figure 2 indicates
the influence of the forcing of the
El Chichon and Pinatubo erup-
tions on the global winter (DJF)



Table 1: Influence of selected forcings and the two most important natural modes of climate
variability in regional climate (SAT: surface air temperature, SST: sea surface temperature).

pressure and temperature fields.
The pressure distribution (Fig.
2a) not only shows a deepening
of the midlatitude lows on both
hemispheres but also a positive
pressure anomaly southwest of
Great Britain. The influence of
these anomalies on wintertime
heat transport is reflected in the
temperature anomaly map (Fig.
2b), for example, in the form of
a strongly positive temperature
anomaly over Eurasia (Shindell
et al., 2004).

Morthem Troglcs Gautham Timascale Reaction Aeschan
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Finally, Table 1 gives an overview
of a selection of possible regional
effects on circulation patterns or
surface temperature and precipi-
tation anomalies, generated by
typical forcings or by the modu-
lation of the two dominating in-
ternal modes of variability listed
in figure 1. We hope that this sum-
mary will encourage many PAGES
scientists to perform more region-
al reconstruction and modeling
studies of climate variability and
other environmental issues!
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Tropical-Extratropical Climatic Teleconnections: A Long-Term Perspective

CuapmaN Conrerence, HonoLuru, Hawair, 8-11 Fesruary 2005

Climatic teleconnections link region-
al variations to global phenomena.
An excellent example of this is the
impact that variations in El Nifo
Southern Oscillation (ENSO) have
on global climatic anomalies.

The purpose of this conference
was to bring together atmospheric
scientists, oceanographers and pa-
leoclimatologists in order to provide
modern climate scientists with a bet-
ter understanding of paleoclimate re-
cords, and paleoclimatologists with
the opportunity to place their records
into the larger context of climate
processes. Climate periods recon-
structed using proxy records from
ocean, lake and peat sediments,
fossil corals, ice cores, speleothems,
paleosols and tree rings included
the last millennium, the Quaternary,
and the Pliocene-Miocene. Variabil-
ity on millennial and orbital time
scales is apparent in many of these
records and they show tropical-
extratropical connections but forc-
ings can be different. Millennial
variability in tropical SST records
corresponds to prominent features
in the North Atlantic (e.g. Younger
Dryas) but have a muted response
in the western tropical Pacific. Well-
preserved corals in eastern Indone-
sia record a cooling event over ~100
years synchronous with the 8.2 ka
cold event in the North Atlantic,
supporting the role of atmospheric
teleconnections in rapidly propagat-

An Overview of the Swiss Contribution to the HITE Project

Fig. 1: The conference brought together experts in observation, theory and modeling of modern
teleconnections, and in analysis of past records of climate variability.

ing this signal to the tropics. The
paleoclimate record of the Asian
summer monsoon winds shows
robust teleconnections with ENSO
and North Atlantic climate. Antarctic
ice cores show variability that may
be tied to variability of moisture
sources at low latitudes.

The reports on modern climate
using observational diagnostic
analysis and modeling results
provided a basis for understand-
ing the paleoclimate records. The
global heat budget provides strong
constraints on the climate system
by requiring systematic movement
of energy. Latent heating in pre-
cipitation dominates the patterns
of atmospheric heating and telecon-
nections. Monsoons are a coupled
atmosphere-ocean-land phenomena
and are characterized by a strong
cross-equatorial pressure gradient.
Teleconnections originating from
patterns of tropical SST change and
variability are sensitive to a change

HITECH Worksuor 2004, ZuricH, SwitzerLanD, 18 OcroBer 2004

Human Impacts on Terrestrial Eco-
systems (HITE)—an initiative of
IGBP-PAGES —is an international
network of projects devoted to the
study of ecosystem changes on
decadal-to-millennial time scales.
The Swiss contribution to HITE com-
prises a cluster of five projects, the
“HITECH-Net’, where “CH” stands
for Confoederatio Helvetica, Latin
for “Swiss Federation”

A major HITECH workshop
entitled “Using modeling, paleo
archives, historical and contempo-
rary information to assess present

and future ecosystem dynamics”
took place in mid-October 2004 at
ETH Zurich.This one-day workshop
comprised four keynote lectures,
eleven contributed presentations
and several posters. Participants
were mostly from Switzerland but
also included scientists from the UK,
Germany, France, Austria and ltaly.
Presentations were grouped into
four chronological sessions, each
beginning with a keynote lecture.
The first session focused on long
time scales and the early history of
human impacts on ecosystems.
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of ENSO variance and to the patterns
of warming in the tropical Pacific and
Indian Oceans. Oceanic thermoha-
line circulation was also shown to
be important.

The interdisciplinary mix of re-
searchers from eight countries led
to lively discussions and provocative
questions, and new collaborations
have already been forged to study
the climate system from a longer-
term perspective. Future meetings
are being planned to continue to
bring paleo-proxy and instrumental
data, and climate modeling of the
past, present and future to bear on
the nature of climate change.
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Fig. 1: Studying the human impact on terres-
trial ecosystems requires an interdisciplinary
approach!



B. Ammann (University of Bern)
gave an overview of methods and
approaches in paleoecology. Subse-
guent presentations covered topics
such as tree migration, impacts of
climate and humans on vegetation
changes, and reconstruction of his-
torical fire regimes.The second ses-
sion focused on the historical time
scale. M. Burgi (WSL, Birmensdorf)
showed how environmental history
and historical ecology extend pa-
leoecological approaches up to the
present time. Other presentations
focused on past disturbance pat-
terns in forest ecosystems, with an
analysis of fire history and ecology.
In the afternoon, J. Dearing (HITE

Workshop Reports

Leader, University of Liverpool, UK)
presented the Lac d’Annecy project
in France, a study of the impact of
changes in historical land use and
climatic shifts on sediment deposi-
tion. Other presentations on linking
past with present ecosystem dynam-
ics included approaches using aerial
photographs, tree rings and genetic
markers. The last session focused
on assessing future ecosystem
dynamics using modeling. H. Bug-
mann (Swiss Federal Institute of
Technology Zurich) discussed how
approaches for evaluating past eco-
system dynamics could be used to
project future trajectories of terres-
trial systems. Case studies covered

predicting future fire regimes and
using models of insect outbreaks
to derive sustainable management
strategies.

The workshop revealed a wealth
of approaches and data sources
and illustrated the importance of an
integrated approach. The need for
multi-site studies, meta-analyses
and comparative approaches was
also recognized.

For more information see:
www.wsl.ch/HITECH.

MarrHiAs Biret
WSL, Birmensdorf, Switzerland
matthias.buergi@wsl.ch

Past Ecosystem Processes and Human-Environment Interactions

PAGES Focus 5 ConrereNce, BueLLToN, CaLirorNIA 13-18 FeBruary 2005

PAGES Focus 5 is composed of three
distinct but complementary sub-pro-
grams that focus on the human di-
mensions of environmental change:
Human Impacts onTerrestrial Ecosys-
tems (HITE), Land Use and Climate
Impacts on Fluvial Systems (LU-
CIFS) and Human Impacts on Lake
Ecosystems (LIMPACS). Program
leaders and around 30 scientists
representing 14 countries met for 4
days in February to discuss research
findings and the future development
of the program.

J. Anderson, R. Dikau and H. Bug-
mann led days dedicated to oral and
poster summaries within the sub-
programs, and John Dearing led a
further day of presentations and dis-
cussion about modeling and integra-
tion. Talks and posters ranged from
modern and historical flooding in the
Mississippi catchment, to the causes
of eutrophication in Lough Neagh
and the sustainability of mangrove
forest. M.-J. Gaillard ran a workshop
on POLLENDCAL, the calibration of
pollen diagrams in terms of land
cover. C. Crumley chaired a session
on how to enhance links between the
social and natural sciences.

Over twelve hours of lively debate
identified a number of areas where
Focus 5 could be developed, par-
ticularly concerning integration and
regionalization of research outputs. A
new integrative scheme for organiz-
ing Focus 5 science was proposed. It
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Fig. 1: Proposed matrix for regionalization of global case studies with geographical examples.

emphasizes the synthesis of data and
findings from multiple case studies
for specific areas of the world. These
syntheses will provide the long tem-
poral perspective on the functioning
and sustainability of specific regions.
A simple matrix of zonal/azonal areas
and the degree of previous human
impact will provide the basic organi-
zational structure (Fig. 1).

In practice, it is likely that regional
groups will nominate their work for
inclusion, and Focus 5 will encourage
syntheses where they are required
and new research where none ex-
ists. A number of flagship studies
combining archives (e.g., sedimen-
tary, documentary, instrumental)
will be promoted as demonstration
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projects. The new scheme will be
launched at the PAGES OSM. This
meeting was a rare opportunity for
Focus b5 scientists to meet as a single
group and achieved a great deal, es-
pecially in terms of integration. It
served to emphasize the diversity of
environmental issues and topics that
Focus 5 lends itself to, and the clear
need to learn from the past in order
to understand the present.

Thanks to Isabelle Larocque for
organizing the meeting and to all
the participants for their full contri-
butions.

JoHN DEARING
University of Liverpool, UK
j.dearing@liverpool.ac.uk @
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May 31 - June 3, 2005, Moscow, Russia
3rd Russian Conference on Geocryology

Further information:
www.pages-igbp.org/calendar/calendar05.html

June 15 - 17, 2005, Yukon, Canada

Rapid Landscape Change and Human Response in the
Arctic and Sub-Arctic

Further Information:

www.taiga.net/rapidchange

June 20 - 24, 2005, Suntec City, Singapore
A0GS 2nd Annual Meeting 2005

Further Information:
Www.asiaoceania-conference.org

Aug 2005, Beijing, China
9th IAMAS Scientific Assembly (2 - 11 Aug.)
PAGES 2nd Open Science Meeting (10 - 12 Aug.)

Further Information:
www.iamas20005.com
www.pages2005.org

Sept. 5 - 9, 2005, Lanzhou, China

International Symposium on High-Elevation Glaciers
and Climate Records

Further information:
Www.igsoc.org/symposia/2005/lanzhou

Oct. 10 - 14, 2005, Arica, Chile
IGCP 500: Human-Environment Interactions in
Southern Hemisphere Deserts

Further Information:
http://igcp500.0uce.ox.ac.uk/arica.html

Paleoclimate, Environmental Sustainability

and Our Future

Meeting Themes
- Future Change: Historical Understanding

- Humans and their Environment: Past Perspectives on Sustainability

- Ocean-Continent-Cryosphere Interactions: Past and Present
- Climate, Humans and the Environment in the Asian Region
- PAGES Research Foci and Initiatives within IGBPII

Deadlines:
www.pages2005.org/deadlines

The OSM will consist of plenary lectures and poster sessions.
See the final program at www.pages2005.org/schedule.html.

The PAGES OSM is being held alongside the 9th IAMAS Scientific Assembly

(2-11 August 2005).
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