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The uppermost mountain-ecosystems provide with their global uniformity a unique opportunity to study and
compare effects of climate change in different regions of the world. This makes high-mountain areas a key to
understanding forcing mechanisms, magnitudes and patterns of past and recent climate change.
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Announcements

Editorial
The International Year of Mountains (IYM), the Mountain Research
Initiative (MRI) and PAGES

The special Mountain Chapter in the Agenda 21, “Managing Fragile Ecosystems - Mountain Sustainable
Development,” was universally accepted in the Rio conference 1992. However, prior to the special UN General
Assembly for the evaluation of Agenda 21 in 1997, most of the new initiatives and activities came from NGOs
and aid organisations and only after 1997 did the scientific community begin to realize its responsibility. It
would be unfortunate if the contribution of science and research in the conference Rio+10 in Johannesburg
2002 and in the various mountain meetings scheduled for IYM 2002 is less than substantial.

A milestone is certainly the foundation of the MRI, which became active on July 15t, 2001. As outlined
by this initiative, future progress of Global Change Research in mountain regions will be enhanced by the
establishment of linkages between mountain research projects in the different IGBP and IHDP programmes
and by cooperation of these programmes with the GTOS special mountain module. Accordingly, the aim of
the MRI is to facilitate the creation of initiatives, synergies and interdisciplinary projects that are necessary
in order to effectively coordinate and integrate findings for the various aspects of climate change research
in mountains, resources and resource management strategies, human impact studies on fragile ecosystems
and, in particular, interactions between the natural and human driving forces.

As we pursue these new initiatives, we should not forget that research on mountain ecosystems has a long
tradition. Alexander von Humboldt was conducting his initial field work on Chimborazo (6310m) in Ecuadors’s
volcano valley in the year 1802 - exactly 200 years before the [YM 2002! His subsequent studies documented
the highly differentiated ecosystems in several other mountain systems of the world. He ultimately compared
the glaciation, vegetation and climatic conditions in an extraordinary overview publication “Atlas to Alexander
von Humboldt's Kosmos”. Figure 1 shows this memorable summary representing all the local, place-based
research findings integrated in a global comparison. As exemplified on the cover of this issue and in Fig.1,
the fact that mountain areas are, and have been in the geologic past, sensitive indicators of Global Change
has long been appreciated by paleo-scientists. In recent decades, mountain regions have been recognized for
their important archives of climate variability spanning different spatial and temporal scales. Such records
include treerings, sedimentary records from high mountain lakes, permafrost, and in particular, evidence from
glaciers. Further, the only ecosystem with worldwide distribution, which is comparable over all the different
climatic zones of our planet, is the uppermost alpine belt above the treeline. This alpine zone is characterized by
glaciers, snow cover, permafrost and periglacial processes, and alpine tundra vegetation. Paleoenvironmental
records from this zone provide an excellent opportunity to compare records from climatically sensitive sites
along a ‘real’ Pole-Equator-Pole transect such as the Cordillera of the Americas (front cover).

The IGBP has published an outlook to the future research decade in Global Change, which underscores several is-
sues that are important to consider for the IYM. Priorities are given to three topics: the carbon cycle, water resources
and food security and it is clear that mountain regions are of central importance to these three issues. Changes in
the carbon cycle, particularly those associated with atmospheric CO,, have a profound impact on sensitive mountain
ecosystems. Limited water resources will play a crucial role in the 215t Century. In the arid and semi-arid regions
of the tropics and subtropics, more than 80% or 90% of the fresh water supply originates in mountain areas and
this may concern more than half of humanity, especially the developing world. Considering that 60-70% of the
earth’s available fresh water is used for food production, the significance of mountains for the third IGBP priority
is absolutely clear. It is therefore crucial that the scientific community assumes responsibility for providing a much
better understanding of mountain ecosystem function, conservation and development and the role of paleosciences
in this effort will be key: The present without the past has no future!

Himalaya
A Pvinga,

Fig. 1: Dominant vegetation zones in selected mountain systems. Altitude in feet. (“Atlas zu Alexander von Humboldt Kosmos hrsg.
von Traugott Bromme, Stuttgart 1851). After Troll, 1961, Erdkunde
BRruNO MESSERLI
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This meeting has a first objective of establishing
new contacts with the former soviet scientific community.

Russian scientists are invited to present their work to an international panel of
scientists in various disciplines of paleoresearch and establish new venues
for collaboration with PAGES scientists.

Although a great many projects have been launched within the PAGES framework, there
remains a great deal to be done. Anyone in the former soviet paleoscience community willing to
take part in formulating new PAGES initiatives or participating in existing initiatives should
come and join in discussion with the members of the PAGES Scientific Steering Committee (SSC).

Registration

www.pages-igbp.org
larocque @pages.unibe.ch

PAGES, Barenplatz 2, CH-3011 Bern, Switzerland

Inside PAGES

PAGES welcomes our new Office
Manager, Selma Ghoneim, who be-
gan a 30% position in September.
In addition to managing PAGES
accounts and the logstics associat-
ed with PAGES activities, Selma is
keen to learn about web publish-
ing. Beginning in January, PAGES
will host a sabattical visit by Tom
Edwards from the University of Wa-
terloo, Canada.Tom will be working

to better integrate the use of stable
isotopes in PAGES activities. In par-
ticular, he will facilitate a better in-
tegration of modern measurements
of isotopes in precipitation as a
means of calibrating past records.
Tom is the PAGES representative
on the WCRP and IAEA sponsored
Global Network for Isotopes in Pre-
cipitation (GNIP) commitee.

Call for Contributions:

The next issue of PAGES News
will highlight dendrochronology.
Science highlights that fit within
this theme, as well as the usual
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workshop reports and program
news, are welcome. If you are inter-
ested in contributing to this issue
please contact Isabelle Larocque
(larocque @pages.unibe.ch). All sub-
missions should follow the instruc-
tions for authors on our web-site
and be submitted by January 31,
2002.

www.pages.unibe.ch/products/
newsletters.html
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The Mountain Research Initiative and Past Global Changes

MEeL Reasoner1, Avrrep Becker2, Hararp BueMann3, Lisa GrauMiicu4, WiLrriED HAEBERLIS Bruno MEessErLI6 anp Frank OLprFIELD7

1 MRI Coordination Office, Béarenplatz 2 CH-3011 Bern, Switzerland, reasoner@sanw.unibe.ch

2 Potsdam Institute for Climate Impact Research, 14412 Potsdam, Germany, becker@pik-potsdam.de
3 Gebirgswaldokologie, ETH-Zentrum, 8092 Zdirich, Switzerland, bugmann@fowi.ethz.ch
4 Mountain Research Center, Montana State University, Bozeman, MT 59717-3490 USA, lisa@montana.edu

5 Geographisches Institut, Universitat Zirich, Zollikerstr. 107, 8008 Zurich, Switzerland, haeberli@geo.unizh.ch

6 Geographisches Institut, Hallerstrasse 12, University of Bern, CH-3012 Bern, Switzerland, messerli@giub.unibe.ch
7 PAGES, West Kirby, Wirral CH 48 2HF, UK, f.oldfield@btinternet.com

In order to address the consequenc-
es of global change in mountain
regions, an initiative for collabor-
ative research on global change
and mountain regions - the Moun-
tain Research Initiative (MRI) - was
developed and officially launched
in July, 2001. This initiative formu-
lates and coordinates an integrat-
ed, multidisciplinary approach to
observing, modeling and investi-
gating global change phenomena
and processes in mountain regions,
including impacts on ecosystems
and socio-economic systems (Fig.
1). The MRI has been formally en-
dorsed by the International Hu-
man Dimensions Programme on
Global Environmental Change (IH-
DP), Global Terrestrial Observing
System (GTOS) and the four core
projects of the International Geo-
sphere-Biosphere Programme (IG-
BP): PAGES, Global Change and
Terrestrial Ecosystems (GCTE), Bio-
spheric Aspects of the Hydrologi-
cal Cycle (BAHC) and Land-Use and
Land-Cover Change (LUCC).
Collaboration with PAGES activ-
ities will form an integral part of

the overall structure of the MRI pro-
gram. Understanding the present-
day and future status of mountain
systems such as glaciers, terrestri-
al ecosystems, and permafrost re-
quires a detailed knowledge of the
natural environmental variability
that prevailed prior to anthropogen-
ic forcing. Studies of past environ-
mental change in mountains are
extremely important and valuable
in this context due to the inherent
climatic sensitivity of mountain eco-
systems. Further, processes such
as climatic forcing and ecosystem
dynamics operate and interact on
a wide range of time scales, from
individual extreme events to cen-
tury- and millennial-scale variabil-
ity to glacial cycles. Documenting
process dynamics on all of these
time scales will require a diversity
of methods and archives.

From a scientific point of view,
the altitudinal gradients in moun-
tain regions provide unique op-
portunities to detect and analyze
global change processes and phe-
nomena because meteorological,
hydrological, cryospheric and eco-
logical conditions change marked-
ly over relatively short distances.
Accordingly, biodiversity tends to
be high, and characteristic sequenc-
es of ecosystems and cryospheric
systems are found along moun-
tain slopes. The boundaries be-
tween these systems (e.g. ecotones,
snowline, glacier boundaries) may
experience rapid shifts due to en-
vironmental change. The higher
parts of many mountain ranges are
not affected by direct human ac-
tivities and may serve as locations
where the environmental impacts
of climate change alone, including
changes in atmospheric chemistry,
can be studied. Mountain regions
are distributed all over the globe,

This is the Chinese character for
mountain
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from the Equator almost to the
poles and from oceanic to highly
continental climates. This global
distribution provides opportunities
to carry out comparative regional
studies from widely separated parts
of the globe and to analyze the
regional differentiation of environ-
mental change processes.

The ultimate objectives of the
MRI are:

1) To develop a strategy for
detecting signals of global envi-
ronmental change in mountain en-
vironments. The emphasis of the
first objective is on monitoring
change in the biophysical environ-
ment, and on understanding the
interacting ecological and hydro-
logical processes in mountain re-
gions, both with and without local
human interference, along altitudi-
nal and other gradients (e.g. land
use). Such work recognizes the
unique value of many mountain
ecosystems that have been and re-
main relatively uninfluenced by di-
rect human activities, especially in
protected areas such as parks and
biosphere reserves. An important
aim of this objective is to develop
a network of observation sites in
mountains to serve as an ‘early
warning’ system for detecting glob-
al change impacts.

2) To define the consequences
of global environmental change for
mountain regions as well as low-
land systems dependent on moun-
tain resources (highland-lowland
interactions). The emphasis of this
objective is to increase our un-
derstanding of the consequences
of global environmental change
for people and ecosystems. Cred-
ible impact assessments form the
baseline for informing policymak-
ers on issues of global environ-
mental changes at local to global
levels. In addition, information from
impact assessments has direct ap-
plication to policies and strategies



for resource management that are
implemented at local and regional
scales.

3) To facilitate sustainable land,
water, and resource management
for mountain regions.The emphasis
of the third objective, initiating sus-
tainable development strategies, is
to define a set of potential human
responses to global environmental
change that can be implemented
at local and regional scales. Scien-
tific results developed under this
objective will assist policymakers
by indicating the extent of degra-
dation of key mountain resources,
and by evaluating interactions be-
tween alternative resource man-
agement strategies and trajectories
of change generated by global fac-
tors.

To achieve the above objectives,
the research under the MRI is struc-
tured around four activities, each of
which is divided into a small num-
ber of specific tasks.

Activity 1:

Monitoring and Analysis

This element of the Initiative will fo-
cus on mountain-specific indicators
of environmental change, which are
sensitive to changes in climate, at-
mospheric chemistry, radiation, and
land use/land cover. A set of four
mountain-specific indicator groups
is considered:

1.1) Cryospheric indicators re-
lated to snow conditions, glaciers,
permafrost and solifluction pro-
cesses;

1.2) Terrestrial ecosystems, par-
ticularly mountain plant communi-
ties and soils;

1.3) Freshwater ecosystems, in
particular high mountain streams
and lakes; and

1.4) Watershed hydrology, i.e.
water balance components of high
mountain watersheds/headwater ba-
sins.

Contemporary monitoring will
be arranged within the context of
reconstructions of longer-term past
trends and variability. Therefore, it
is crucial that new monitoring sites
in different mountain regions are lo-
cated at or near sites where histori-
cal and paleorecords can be made
available, so that the results from
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Global
Environmental

Human

Change

Change in Mountain
Regions:

- observations

- indicators

- detection

N

Driving
Forces

Local/regional
Responses:
Management

Consequences
for Land and Water
Resources

Fig. 1: Conceptual framework for the integrated study of global environmental change in
mountains, emphasising feedbacks that occur both within a given mountain region (inner

loops) as well as at the global scale (outer loop).

recent observations and research
can be related directly to past vari-
ability. Paleorecords in general will
be used to reconstruct past dynam-
ics of climatic, hydrological and
ecological conditions. Most impor-
tant in this context are:

a) paleoecological reconstruc-
tions based on pollen, diatom, fossil
pigment and macrofossil (including
arthropod) profiles from lakes and
mires;

b) lake studies, via reconstruc-
tions of flood related sedimenta-
tion layers, shore-line fluctuations
and both temperature and salinity-
linked biotic variations in the sedi-
ment record;

c¢) analysis of cores taken from
ice, snow and even permafrost,
in particular those providing in-
formation on fluctuations in the
amount and sources (e.g. using sta-
ble isotopes) of past precipitation in
mountain regions;

d) dating of geomorphic features
associated with past climate change
(e.g. moraines) and

e) tree ring analyses in regions
where either moisture availability
or temperature was the dominant
stress on tree growth.

Activity 2: Integrated modeling

To achieve the overall goals of the
initiative, it is necessary to develop
a framework that permits the analy-
sis and prediction of hydrological
and ecological characteristics and

PAGES News, Vor.9, N°3, Dec. 2001

their linkages with land use and cli-
mate. Accordingly, this activity is or-
ganized around the following:

2.1) Development of coupled
ecological, hydrological and land
use models for the simulation of
land cover and land surface pro-
cesses in complex mountain land-
scapes;

2.2) Development of high reso-
lution regional scale atmospheric
models for mountain regions;

2.3) Integrated analysis of envi-
ronmental change in mountain re-
gions by means of fully coupled
land-atmosphere models; and

2.4) Regional scale mountain
land process experiments comple-
menting modeling efforts.

The modeling activities pro-
posed here require close coordina-
tion with the long-term monitoring
and process studies conducted un-
der Activities 1 and 3, including re-
constructions of past environmental
dynamics from paleorecords. The
potential for the development of ful-
ly coupled land-atmosphere models
for mountain regions is particularly
exciting. These models could prove
very useful for predicting the ef-
fects of land use/land cover and
climate changes on spatial scales
appropriate for the investigation of
global change in mountain regions.
The predictive utility of these mod-
els, however, will only be robust if
they are validated with paleoenvi-
ronmental records from sensitive
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Fig. 2: A lightweight percussion coring system designed for remote access being used to
recover a continuous 14,000-year lake sediment record from Sky Pond (3320 m asl) in the
Colorado Front Range. The Sky Pond record provides the first clear indication that changes
in late-glacial and early Holocene vegetation near timberline in the Rocky Mountains were
in phase with the Younger Dryas climatic oscillation in the North Atlantic region. Additional
paleo records from climatically sensitive high elevation sites are required from mountain

regions around the world to complete the picture of regional paleoenvironmental changes.

terrestrial sites. Mountain regions
provide excellent opportunities for
the acquisition of such information.

Activity 3: Process Studies
Ecological and hydrological field
studies and experiments along al-
titudinal gradients and at sensitive
sites can provide invaluable data
on potential responses of moun-
tain ecosystems to anthropogenical-
ly induced environmental change.
Research themes to be addressed
within this Activity include:

3.1) Development of indicators
of mountain ecosystem response to
environmental forcing factors to fa-

cilitate process related interpreta-
tion and paleorecords;

3.2) Assessment of runoff gen-
eration and flowpath dynamics on
steep hillslopes and in headwater
catchments; and

3.3) Assessment of the relation-
ship between diversity and ecosys-
tem function.

Paleoarchives will be used to ex-
plore system responses to both nat-
ural variability and anthropogenic
impacts. For example, where suit-
able lake sediment sequences are
available, paleolimnological stud-
ies can be used to tie recent experi-
mental and monitoring activities to
sediment-based research.
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Activity 4:

Resources Management

The overall objective of this Initia-
tive is to evaluate and enhance sus-
tainable land, water, and resource
management strategies for moun-
tain regions.Three priority areas are
suggested for assessment:

4.1) Changes in forest resources,
with potential implications for agri-
culture, rates of erosion and magni-
tude of floods, and biodiversity;

4.2) Intensification and/or exten-
sification of agriculture (including
grazing), with potential implications
for food security, rates of erosion
and magnitude of floods, and biodi-
versity; and

4.3) Changes in water resources
due to factors such as changing ag-
ricultural practices, increasing tem-
porary or permanent population,
and increasing energy generation,
with implications for downstream
water supply, energy availability,
flooding, and sediment transfer.

From its inception, the MRI has
acknowledged that PAGES activi-
ties must play a central role in
the overall objectives of the Ini-
tiative. Researchers involved with
reconstructing past environmental
change have long recognized that
mountain regions are often ideal lo-
cations for the study of past global
change processes (Fig. 2). The oth-
er side of the coin is that their sen-
sitivity renders mountain regions
particularly vulnerable to the many
anticipated changes of the 215t Cen-
tury. Understanding this vulner
ability is extremely important for
humankind considering the large
number of people who may be di-
rectly and indirectly impacted by
changes in mountain regions. Con-
sequently, the development of cred-
ible scenarios for the management
of mountain environments is an
urgent priority. The MRI will con-
tribute not only to the scientific un-
derstanding of ongoing processes
of change, but will ultimately pro-
vide foundations for policies that
act to preserve the ability of moun-
tain regions to provide the goods
and services on which humanity
has come to depend.
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Alpine Climate Changes as Reconstructed from Speleothems

Sitvia Frisial anp Ian FaircHiLD2

T Museo Tridentino di Scienze Naturali,Via Calepina 14, 38100 Trento, ITALY, frisia@mtsn.tn.it

2 School of Earth Sciences and Geography, Keele University, Staffs, UK, i.j.fairchild@keele.ac.uk

The use of 6180 signals from calcite
is a major component of speleo-
them based climate reconstruc-
tions. However, the validity of these
reconstructions depends on knowl-
edge of the source water isotopic
composition.The complex controls
on source water composition in the
modern climate were investigated
during a four-year programme of
monthly monitoring of meteoric
water 6180, along an E-W traverse
in Trentino, South-Central Alps at
stations from 180 to 2,200 meters
above sea level.The monitoring in-
dicates that the modern precipi-
tation 0180, signal is influenced
by 1) the 6180, of the air masses
from western and southern prov-
enance, 2) the deviation of water
vapor transport trajectories due to
mountain ranges, and 3) the eleva-
tion effect, whereby moisture con-
tent in westerly airrmasses, which
cross 3,000m mountain ranges, is
more depleted than that in south-
erly air masses. For example, at
the meteorological station set in
the Brenta Dolomites (W-Trentino),
mean annual 0’80, increases by
as much as 1.5 %o when southern
trajectories dominate over western
trajectories.

Because past 8'80, may have
varied considerably as a conse-
quence of circulation changes, it
is not possible to construct a sim-
ple transfer-function for the Holo-
cene, relating the oxygen isotopic
composition of speleothem calcite
(0'80,) to mean air temperature.
It is, therefore, difficult to recon-
struct Holocene temperature and
rainfall history in the Alps from
oxygen isotope profiles of spele-
othem calcite alone. Current re-
search on Holocene climate change
in the Southern Alps focuses on
analysis of multiple, independent,
annual-resolution proxies within a
given speleothem and their rela-
tionships to climate parameters. In
addition, several stalagmites are
generally sampled from different
nearby caves.

Fig.1: Grotta di Ernesto (Trentino, Northern Italy). Active stalagmites, which are being
monitored for modern seasonal crystal growth and dripwater parameter analyses, and
sampled for paleoreconstructions.

For example, at Grotta di Er
nesto, at 1,160 meters above sea
level (Fig. 1), paleoclimate research
has been carried out for the past
6 years. High-resolution, alpine cli-
mate and environmental recon-
struction from stalagmites has been
obtained through the comparison
of a 0180, 8'3C., Mg/Ca ratio and
calcite fabric series dated by TIMS
U/Th (Fig. 2). Each of these proxy
indicators has either a different sen-
sitivity to the same environmental
process or records processes which
are not registered by the other
proxies. In particular, calcite fab-
rics in shallow subsurface caves
such as Grotta di Ernesto are very
sensitive to climate-related fluctua-
tions in water availability, season-
al flow changes, and the presence
of growth-poisoning particles (or
dissolved ions) in dripwater. Com-
parison of the four proxy data se-
ries, combined with the information
from the monitoring of modern day
precipitation, allows an interpre-
tation of major trends in the Ho-
locene 0180, profile in terms of
regional circulation changes. Figure
2 shows Holocene profiles of four
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climate proxy indicators (oxygen
and carbon stable isotopes, Mg/Ca
ratio and fabrics) for stalagmite ER
76 from the Southern-Central Alps
of ltaly.

Mid Holocene Climate
The most humid period in these
records occurred around 7,600 yr
BP.This period is indicated by low
Mg/Ca ratio and low 8180, values.
d13C, is also low at this time, sug-
gesting that moisture availability
led to increased soil COs produc-
tion. During this humid period from
8,000 to 7,000 yr BP, high mountain
human settlement sites were aban-
doned, and agriculture was intro-
duced in the valleys of Trentino.
The 6,700 to 6,570 yr BP interval
was probably a relatively warm pe-
riod. During this time, mean annual
0180, of precipitation was less de-
pleted (only by about -0.5%.) with
respect to the present values than
is the case for most of the early
to mid Holocene, and stalagmite
3180, was only -0.2 to -0.4%. de-
pleted relative to the present value.
This period is also marked by gla-
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Fig. 2: Holocene profiles of four climate proxy indicators (oxygen and carbon stable iso-
topes, Mg/Ca ratio and fabrics) for stalagmite ER 76 from the Southern-Central Alps of Italy.
Fabric numbers correspond to: 1) columnar, 2) columnar to microcrystalline, 3) microcrystal-
line, 4) microcrystalline to dendritic and 5) dendritic (see Frisia et al., 2000 for details).

cial retreat in the Central Swiss Alps
(Hormes et al., 2001).

All of the speleothem proxies
record a change in the moisture
balance in the Southern Alps start-
ing at 5,400 yr BP. This change
affected vegetation (0'3C,), the res-
idence time of the water in the
aquifer (Mg/Ca ratio), seasonal vari-
ability in physico-chemical param-
eters (fabrics) and precipitation
isotopic composition (0'80;). The
change probably involved a change
in air mass trajectories causing ad-
ditional 180-enriched moisture to
be advected into the Southern Alps.
If the analogy with today’s air circu-
lation patterns holds true, it is pos-
sible that southern trajectories were
predominant over western trajecto-
ries from around 5,200 to 2,400 yr
BP.This long and relatively dry pe-
riod corresponds to prolonged gla-
cier minima in the Central Swiss

Alps (Hormes et al., 2001), and had
important societal implications. Ar-
chaeological data indicate that the
practice of high alpine pasturage
began around 5,500-5,200 yr BP.
There is also archaeological evi-
dence that man and cattle crossed
high alpine passes during this pe-
riod. It is interesting to note that a
major mid-Holocene event record-
ed by many paleodata, the 4,200 yr
BP dry spell, is not recorded in the
speleothem 0180, profile, though it
is recorded by a change to dendritic
fabric between 4,400 and 4,200 yr
BP.This fabric type is believed to de-
velop under limited dripwater avail-
ability (Frisia et al. 2000).

Late Holocene Climate

The interpretation of the past 3800
years has to account for the strong
anthropogenic modification of veg-
etation and, consequently, soil
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(013C.) as a result of enormous
quantities of wood used in smelting
activities in the Southern Alps. The
decrease in stalagmite growth rates
at Grotta di Ernesto at this time
(McDermott et al. 1999) may be
a consequence of human impact,
rather than climate change. Sub-
sequent to 3,800 yr BP, the 0180,
profile tends toward values similar,
or more depleted than, present-day
values. The Mg/Ca ratio curve, on
the other hand, remains character-
ized by values higher than at pres-
ent-day, indicating that the climate
mode established around 5,200 yr
BP persisted until around 2,400 yr
BP. The dominant calcite fabric at
this time is indicative of seasonal
variability in dripwater flow and im-
purity content. However, because
the stacking of crystallites is regu-
lar, there was less contrast between
winter-spring and summer-autumn
deposition (Frisia et al., 2000).
Holocene climate variability in
the Alps had a profound impact on
the environment and society. We
believe that alpine speleothems pa-
leodata provide a powerful tool for
reconstructing this variability accu-
rately and at high resolution. How-
ever interpretation of speleothem
archives requires cross-correlation
between multiple independent prox-
ies. The interpretations described
here will be improved by higher
resolution studies and improved
calibrations from modern process
studies and climate parameters.
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Timberline Paleoecology in the Alps
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Holocene Timberline
Fluctuations and Climate
Variability

Alpine life and landscapes are ex-
posed to extreme environmental
conditions. Avalanches, landslides
and floods, due to extreme climatic
events such as heavy snow and rain
storms, can impact both wild and
managed landscapes. Above tim-
berline, climatic conditions are so
harsh that they impede the growth
of trees. According to one recent
hypothesis (the “growth-limitation
hypothesis”), low temperatures re-
duce production of plant tissues
(Korner, 1999). Therefore, trees be-
come victims of their strategy to ac-
cumulate large amounts of biomass
in order to overgrow other vegeta-
tional life forms. Because the upper

boundary of tree growth is tempera-
ture controlled, it can be used as a
proxy for estimation of past temper
atures, assuming that today’s occur-
rence of trees is in equilibrium with
local climate. Similar assumptions
are made to derive paleo-tempera-
ture estimations from other organ-
isms. Many recent paleoecological
studies in the Alps have focused
on climate reconstruction, but rela-
tively few studies have addressed
basic past relationships between or-
ganisms and their biotic and abiotic
environments. One of the reasons
for avoiding the latter topic may be
that accurate studies require inde-
pendent environmental proxies and
high temporal resolution (years to
decades), especially if the goal is
to reconstruct past responses of

short-lived organisms to climatic
change. Moreover, concerns about
global warming have focused much
effort on the reconstruction of past
climatic changes and their forcing
mechanisms, but the response of
organisms and biomes seems - at
least from an ecological and eco-
nomical point of view - of similar
relevance (e.g. collapse, migration
or adaptation of boreal and alpine
life).

The above-mentioned assump-
tion that today’s distribution of trees
is in equilibrium with climate may
not necessarily be true. Over the
past several thousands years, hu-
man activities in the Alps have re-
sulted in lowering of timberlines
by 200-300 altitudinal meters. Nev-
ertheless, single trees in remote
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Fig. 1. Comparison between timberline vegetation, glaciers, and lake level fluctuations during the past 12,000 cal. yr BR A: Pollen
percentages (Pinus cembra, sum of trees) and macrofossil concentrations (Pinus cembra needles) at Gouillé Rion (Swiss Alps) (Tinner et al.,
1996, Tinner and Wick, 1997). The pollen sum includes only subalpine and alpine taxa. B: Central European cold-humid phases (Haas et al.,
1998). C: Pollen percentages (Pinus cembra, sum of trees) at Lengi Egga (Swiss Alps) (Tinner, unpublished). The pollen sum includes only
subalpine and alpine taxa. D: Chronological position of radiocarbon dates of wood and organic debris collected in front of Alpine glaciers
(Hormes et al., 2001). E: Estimated length variation of Swiss glaciers (Maisch et al., 1999). F: Lake level fluctuations in meters at Seedorf and
Le Locle (Switzerland) (Magny and Richoz, 1998, Magny and Schoellammer, 1999). The dots in A, C, and F show the chronological position
of radiocarbon dates used for the depth-age models.
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areas may still indicate the poten-
tial altitudinal limit of tree growth.
Qualitative timberline-inferred tem-
perature reconstructions in the Alps
are based primarily on these up-
permost survivors. No quantitative
timberline-based temperature re-
constructions are available for the
Alps.

Producing qualitative Holocene
temperature reconstructions re-
quires records from today’s timber-
line ecotone that reach back to the
Late Glacial. Two factors are essen-
tial: 1) The chronology must be fixed
to an absolute scale with sufficient
14C-dates and 2) terrestrial mac-
rofossils must be present in high
amounts throughout the Holocene
to demonstrate the local presence
of trees or alpine herbaceous spe-
cies. One example is the Gouillé
Rion site (Tinner et al., 1996), situ-
ated in the Central Swiss Alps and
lying exactly at the limit of today’s
tree growth (trees > 5m; 2,343 m
a.s.l.). Macrofossil analysis shows
that the site was forested by conif-
erous species (Larix decidua, Pinus
cembra) between 10,500 and 3,900
cal. yr BP indicating that during the
early and middle Holocene growing
season temperature was at least as
high as today. Additional data from
above today’s tree limit indicate the
uppermost limit of Holocene forest
expansion and hence the range of
Holocene temperature oscillations
between 10,500 and 3,900 cal. yr BP
(Tinner, unpubl.). Treeline was about
120-180 m higher than today in
the warmest phases (9,000 - 8,200;
7,000 - 6,400; and 5,000 - 4,000 cal.
yr BP). Assuming a lapse rate of
0.7°C /100m, this suggests summer
temperatures about 0.8-1.2°C high-
er than today. Between 10,500 and
3,900 cal. yr BP, treeline was always
situated above the modern limit.
Hence, the range of temperature os-
cillations was limited to 0.8-1.2°C
and never fell below today’s val-
ues. This amplitude of Holocene
temperature changes is confirmed
by a quantitative chironomid-based
study from the northern Alps (Hei-
ri, 2001) (about 80 km away). Pinus
cembra pollen declines at Gouillé
Rion are strongly correlated with
negative temperature excursions,
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as estimated by chironomid-based
transfer functions. Moreover, the
new study allows a reconstruction
of temperature oscillations after
4,000 cal. yr BP when timberline
position was influenced by prehis-
toric land-use (and hence less re-
liable for climatic reconstructions).
In Figure 1, oscillations of treeline
are illustrated by declines in the
curves (macrofossils and pollen) of
both Pinus cembra and all subal-
pine trees. After the local extinction
of Pinus cembra at around 4,000
cal. yr BP, cold phases are recorded
by tree species growing 200-300 m
below the former Pinus cembra belt
(e.g. Picea abies).

A recent systematic redefinition
of Holocene climatic fluctuations in
the Alps was attempted by Haas et
al. (1998). Based on paleoecologi-
cal data (pollen, macrofossils, sed-
imentology) as well as 14C-dates,
the authors introduced a numer-
ical nomenclature (CE-1 to CE-8,
see Fig. 1) for a series of century-
scale cold periods during the Ho-
locene. Some of the most severe
oscillations seem synchronous with
cool climatic periods recorded in
the Northern Atlantic marine sedi-
ments and in Greenland ice cores.

Temperature, Precipitation or
both?

Timberline fluctuations may be
caused by changes in temperature,
precipitation or both. Comparison
with other proxies helps to disen-
tangle temperature and precipita-
tion effects. Timberline forests show
oscillations similar to those of alpine
glaciers during most of the Holo-
cene.The most pronounced glacier
minima were synchronous with up-
permost timberline positions (Fig.
1) between 9,000 and 8,200 cal. yr
BP, 7000 and 6,400 cal. yr BP, as
well as 5,000 and 4,000 cal. yr BP
(Hormes et al., 2001). Maximum gla-
cier advances (Maisch et al., 1999)
occurred coincident with timberline
depressions (CE-2 to CE-8). A further
indication that high Holocene tim-
berline positions reflect warm and
dry conditions is provided by Holo-
cene lake level changes across the
Alps (e.g. Magny and Richoz, 1998;
Magny and Schoellammer, 1999).
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For example, in the Swiss Jura and
on the Swiss plateau (e.g. Le Locle
and Seedorf, Fig. 1), lake levels
were at a minimum during the Ho-
locene warm phases (9,000 - 8,200;
7000 - 6,400; 5,000 - 4,000 cal.
yr BP) and at a maximum during
most cold phases (Fig. 1). Hence
middle- and late-Holocene climatic
reversals may have been compa-
rable to the Little Ice Age climatic
cooling around AD 1850, when cool
summers where accompanied by
increased precipitation. However,
overall early Holocene climatic con-
ditions in the Alps were more con-
tinental than today, with warm and
dry summers and cold winters. The
transition to today’s climatic re-
gimes was not synchronous. For
example, in the southern Alps (be-
tween Aosta and Garda in Italy and
southern Switzerland), the conti-
nental climatic regime came to an
abrupt end at about 9,100 cal. yr
BP, allowing the establishment of
the so called Insubrian vegetation
(Tinner et al., 1999). In the northern
Alps and Central Europe, a similar
sudden transition occurred at 8,200
cal. yr BP (Tinner and Lotter, 2001).
This latter transition was probably
caused by increased inflow of hu-
mid air masses from the west and
north-west, leading to lower sum-
mer and higher winter tempera-
tures and a general increase in the
amount of precipitation. Because of
the special orographic situation, the
continental climate mode has per-
sisted in some valleys of the central
Alps until today.

Towards a paleoecological
approach

The temporal resolution of the
above-mentioned studies (50-300
years) is sufficient to indicate maj-
or Holocene climatic oscillations
and trends. However, it is insuffi-
cient to address how, and how fast,
organisms react to environmental
changes. In and around the Alps,
two recent studies (Ammann et al.,
2000; Tinner and Lotter, 2001) fol-
low a new approach to address this
question. Based on highly reliable
calendar chronologies (varves, cal-
endar years), they compared inde-
pendent climatic (oxygen isotopes)



and biotic proxies. These studies
suggest that different organisms
(e.g. plants, cladocera, chironom-
idae) responded very fast to cli-
mate change during the Late Glacial
and the Holocene (i.e. within 0-20
years). In the case of the Holocene
study, vegetational responses to
climate change were highly com-
plex and related to physiological
characteristics and life histories of
the species involved. The resulting
interspecific competition patterns
were so complex that the response
signal was not recognized as cli-
matically driven in numerous previ-
ous studies, although it occurred on
a subcontinental scale.
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We conclude that because of the
complex orographic situation and
the resulting highly differentiated
biome belts in the Alps, high tem-
poral and spatial precision and res-
olution are required to provide a
clear understanding of past climate
changes and ecosystem responses.
Such high resolution studies are al-
so essential to overcome seeming
differences between modern eco-
logical and paleoecological para-
digms of ecosystem functioning.
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Paleoenvironmental reconstructions
for the Pirin Mountains (south-
western Bulgaria) and the Altai
Mountains (southern Siberia, Fig.1)
provide insight into the relation-
ships between long-term vegeta-
tion dynamics and orbital forcing at
two high-elevation sites in the Eur-
asian mid-continent. The topogra-
phy of mountain regions constrains
vegetation into distinct altitudinal
bands, and these bands are sensi-
tive to changes in both tempera-
ture and effective moisture through
time. The sequence of late-glacial
and early-Holocene vegetational
change and the vertical displace-
ment of vegetational bands are re-
constructed for these mountains by
pollen analyses at multiple sites
along altitudinal gradients. Howev-
er, the complexities associated with
the dry early-Holocene conditions
at these mid-continent sites require
additional studies in order to dis-
entangle the various responses of
taxa to long-term regional climatic
changes.
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Long-term vegetation dynamics
in the Pirin Mountains,
Bulgaria

The Pirin Mountains are situated in
the eastern part of the Balkan Pen-
insula. The climate is more conti-
nental and significantly drier than in
the Alps. Temperate deciduous trees
occur at low elevation, followed by
beech and then various conifers ex-
tending up to the tree line at about
2,200 m. Of particular biogeograph-
ic interest in the Pirin Mountains is
the common occurrence of the Bal-
kan endemic Pinus peuce and (on

Fig.1: Location of the two case-study areas in the Eurasian mid-continent

calcareous soils) the Balkan sub-en-
demic Pinus heldreichii.

Pollen analysis of lake sedi-
ments, recovered from several sites
near tree line, reveals an unusual
sequence of changes in forest com-
position. After a late-glacial se-
quence dating back to 13,000 14C-yr
BP at lake Kremensko, the early-Ho-
locene tree line was formed by birch
which did not reach as high as the
modern tree line (Fig. 2). At Dal-
goto Lake close to modern tree
line, the early-Holocene pollen as-
semblage of oak, elm, linden and

* The investigations in the Pirin Mountains were undertaken by Ivanka Stefanova, and those in the Altai Mountains by Tatiana Bliakhartchouk.
H.E. Wright and Brigitta Ammann participated in the field work and aided in the interpretation of the pollen stratigraphy in both areas.
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Lake Dalgoto
(Stefanova and
Ammann, in press.)
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Fig. 2: Altitude-time diagram for the Holocene forest belts in the Pirin Mountains, showing for the early Holocene the high altitudinal
range of deciduous forest and the low treeline, followed in the mid-Holocene by the immigration and expansion of conifers, resulting in a
depression of the deciduous forest and the increased elevation of the treeline. The belts are simplified, and only the upper limits of tree
species or genera are shown. Within the belts taxa may mix, e.g. spruce and fir in the belt marked in blue. At the sites Lake Popovo,
Praso and Goce Delchev the analysis of plant macrofossils helped to distinguish between presence and absence of tree genera.(Adapted

from Stefanova and Ammann, in press.).

hazel is attributed entirely to trans-
port of pollen from lower-elevation
forests to above the forest limit,
where the treeless landscape had
low pollen production (Stefanova
and Ammann, in press). However,
oak macrofossils at sites as much
as 800 m above the present range
of oak clearly demonstrates that the
temperate forest reached higher el-
evations during the early Holocene,
perhaps in response to the warmer
summer temperatures associated
with higher insolation (Fig. 2).
After about 6,500 14C-yr BP, the
immigration and expansion of co-
nifers (Pinus sylvestris, P peuce, P
mugo, and Abies alba) to higher el-
evations depressed the temperate
forest to elevations below 1,000 m.
Beech and spruce subsequently ex-
panded after ca. 3,000 14C-yr BP.
This late expansion of conifers in
the Pirin Mountains is unexpected
in view of the occurrence of pine
macrofossils of glacial age in the
nearby lowlands of Hungary (Wil-
lis et al., 2000). Clearly, long-dis-
tance migration cannot be invoked
to explain the delayed immigration
of conifers to the Pirin Mountains.

Rather, it is more likely that climat-
ic conditions were unfavorable for
high-elevation conifers until the late
Holocene.

Although broad-leaved trees
such as oak, elm, and linden reached
elevations higher than present dur-
ing the early Holocene, this appar-
ently occurred in conjunction with
a treeless zone that extended to el-
evations lower than today. The late
expansion of the conifers, which are
better adapted to high elevations
than broad-leaved trees, shifted the
deciduous forest down and the tree-
less zone up to their present rang-
es.

Dry early-Holocene climatic con-
ditions in Eastern Europe may have
been the cause for the unusual for-
est history in the Pirin Mountains.
Along the Black Sea coast, eastern
Bulgaria was dry enough for steppe
to persist until the spread of decid-
uous forest about 8,000 14C-yr BP.
(Bozilova et al., 1996). Farther east in
the Zagros Mountains of Iran, which
are currently too dry for pine, the
slow early-Holocene spread of oak
and pistachio into grass steppe al-
so implies dry climatic conditions.
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This scenario is further supported
by evidence from the Altai Moun-
tains (below) in southern Siberia
where the persistence of steppe
vegetation until at least 9,000 14c.
yr BP and late afforestation by pine
again provides an indication of dry
early-Holocene conditions in the
Eurasian mid-continent.

Long-term vegetation dynamics
in the Altai Mountains, Siberia
The Altai Mountains are located in
the centre of Eurasia where Russia,
Khazakhstan, Mongolia and China
meet. Sediment cores from an alti-
tudinal transect of lakes on a high
plateau south of Ulagan provide the
opportunity to trace the vegetation-
al history from late-glacial time to
the present by pollen analysis of or-
ganic sediment. Earlier findings of
abundant spruce and pine macro-
fossils at a site 200 km to the north
and 1,000 m lower in elevation are
dated to ca. 13,750 4C-yr BP and
indicate an area where a late-glacial
refuge for these conifers may have
existed.

Three lakes, at elevations rang-
ing from 1,950 m in the upper for-
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est zone to 2,150 m at treeline, have
very similar pollen records, well
dated by radiocarbon analysis. Fol-
lowing a brief conifer zone in silt
which may represent long-distance
pollen transport to a barren land-
scape, the main sequence starts in
organic sediment more than 13,000
14C-yr ago with a steppe flora domi-
nated by Artemisia, grasses, sedg-
es, and chenopods, with spruce as
a minor component (Fig. 3). Sub-
division of the steppe phase into
late-glacial interstadial and stadial
intervals is not apparent.The persis-
tence of steppe vegetation during
the late-glacial (Tarasov, 2000; Cher-
nova et al., 1991) may reflect the
dominance of cold and dry north-
easterly air flow from the Siberian
anticyclone (Tarasov, 1997) which

was strengthened by the supply
of circum-polar arctic air north of
the ice sheets on both continents.
The dominance of steppe vegeta-
tion persisted until at least 9,000
14C-yr BP, when increases in pollen
of Siberian pine and Scots pine in-
dicate broad afforestation.

Thus, not only was the late-gla-
cial vegetational sequence in these
interior mountains different from
the observed sequence at sites clos-
er to the Atlantic source of climatic
change, but the ubiquitous expan-
sion of forest seen in the Alps and
other mountains and lowlands of
Europe at the end of the late-gla-
cial (10,000 4C-yr BP) did not oc-
cur in the Altai until 1,000 years
later (Fig. 3). The continuation of
steppe conditions well into the Ho-
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Fig. 3: Percentages of selected pollen taxa at Uzun Kol, Altai, Siberia, at 1,985 m asl.

The basal zone in the silt is poor in pollen and is dominated by tree pollen (3 origins are
possible: long-distance transported, reworked, or original from refugial habitats for trees).
The period of the banded gyttja and the olive-brown gyttja (Late-Glacial and Early Holocene
up to about 9,500 radiocarbon yrs BP) is dominated by steppe vegetation. After a transition
zone of about 1,000 years the local conifers expanded: Pinus sibirica and Larix sibirica near
the lake Uzun, Scots Pine, spruce and even the demanding fir at lower elevations in the

Ulagan Valley
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locene can be attributed to warm,
dry summers related to the insola-
tion maximum. Unfortunately, cold
late-glacial steppe vegetation can-
not easily be distinguished from
warm Holocene steppe by palyno-
logical analysis.

These findings provide support
for paleoclimatic model simulations
that reconstruct cold and dry condi-
tions maintained by northeasterly
winds at 12,000 '4C-yr BP and sum-
mer temperatures 2 — 4°C higher
than present at 9,000 14C-yr BP in
southern Siberia (COHMAP mem-
bers 1988).

This temporal sequence of
steppe, persisting in the Altai Moun-
tains from the late-glacial into the
early Holocene, resembles the bio-
geographic sequence across the re-
gion today. Forests in the more
humid west grade into steppe veg-
etation in the east, where trees
are restricted to patches on north-
facing slopes. The pollen stratigra-
phy of sediments recovered from
mountain lakes in the eastern dry
region, now the focus of a continu-
ing study, will address the question
whether or not steppe vegetation
was present throughout the Holo-
cene, despite long-term changes in
summer insolation.
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Changes in Atmospheric Circulation over the South-Eastern Tibetan
Plateau over the last Two Centuries from a Himalayan Ice Core
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Fig. 1: The Eclipse ice core drill at 6500 m on the Far East Rongbuk Glacier with Mt. Everest
in the background. Photo. C. Wake.

Introduction

Understanding climate change in
central Asia is especially important
given the role of the Tibetan Pla-
teau in regional and global atmo-
spheric circulation. Climate in the
region is dominated by the Asian
monsoon which provides summer-
time life sustaining rains for hun-
dreds of millions of people. While
long-term variability (thousands of
years) of the Asian monsoon has
been linked to changes in northern
hemisphere insolation, shorter-term
variability (years to decades) has
been explained by changes within
the climate system, such as varia-
tions in Eurasian snow cover, the
El Nino-Southern Oscillation, and
tropical sea-surface temperatures.
More recently, model results have
suggested the importance of an-
thropogenic forcing (e.g. green-
house gas, landcover change) for
the Asian monsoon.

Ice cores recovered from high
elevation glaciers in the Himalaya
contain high resolution records that
can be used to document annual
to century scale changes in the
Asian monsoon. Here we docu-

ment changes in atmospheric circu-
lation over the past 200 years in the
south-easternTibetan Plateau from
the analysis of a multi-parameter
major ion record developed from
an ice core recovered from the Far
East Rongbuk Glacier on the north
side of Mt. Everest (Fig. 1).

Methods and Dating

In the spring of 1997 we recovered
a 41 m ice core from the accumu-
lation zone at an elevation of 6500
m on the Far East Rongbuk (FER)
glacier (Fig. 1, 2). The cleaned core
was cut into 0.04 m sections and
analyzed for major ion concentra-
tions (Na*, NH,*, K*, Mg2+, Ca?*,
Cl;, NO5", SO4%) and oxygen iso-
topes. A depth-age relationship for
the FER firn/ice core was developed
through the identification of refer-
ence horizons in the beta activity
record due to atmospheric nuclear
weapons testing in 1954 and 1963
coupled with spectral analyses of
the major ion and 6'80 records and
multiparameter annual layer count-
ing. We counted 182 annual layers
back through the entire 41 m ice
core; our record spans the time pe-
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riod from 1815 to 1997. We estimate
that the dating error from 1997 to
1954 is + 2 years, and below 1954
may double to + 4 years due to the
lack of reference horizons in this
section of the record.

Results and Discussion;

Major Ion Chemistry

Seven of the eight major ions (Na*,
K*, Mg2*, Ca?*, CI;, NO5, SO,%)
show similar temporal variability
(correlation coefficients among all
seven ions is greater than 0.75)
indicating that most of the major
ion chemistry either has a com-
mon source (i.e., the arid and semi-
arid dust producing regions on the
northwestern margin of the Tibet-
an Plateau) or has separate sources
that lie at a sufficient distance up-
wind that the major ions from dif-
ferent sources have time to become
well mixed by the time they are de-
posited ensemble on the FER gla-
cier. Previous work has shown that
the spatial variation of snow chem-
istry in central Asia is controlled
by the influx of dust from the arid
and semi-arid regions in the north-
ern and western Tibetan Plateau. A
comparison of major ion chemis-
try from the FER glacier with data
from Nangpai Gosum glacier over
the last 20 years illustrates the im-
portance of the Himalaya as a di-
vide between dust-rich air masses
to the north and relatively dust-free
air masses to the south (Table 1).
In addition, Na* and CI" concentra-
tions in snow samples collected on
the southern flank of Mt. Everest
are approximately one-tenth and
one-half those at FER glacier (Ta-
ble 1) indicating that Na* and CI-
do not originate from modern ma-
rine sources to the south, but from
evaporite deposits in the arid re-
gions of the northern and western
Tibetan Plateau that are likely trans-
ported with calcium-rich desert dust
to the FER glacier.
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Fig. 2: Location map for the Far East Rongbuk (FER) glacier and areas for instrumental data
used for comparison with the FER ice core record.

Comparison with Climate
Records

To investigate the relationship be-
tween the glaciochemical ice core
record and climate, we have com-
pared the FER calcium record with
seasonal or annual averages of re-
gional temperature (Hansen et al.,
1996), solar irradiance (Lean et al.,
1995), the southern oscillation index
(SOI), regional precipitation (Par-
thasarathy et al., 1992), and sea
level pressure (Trenberth and Pao-
lino, 1980) over the longest period
of overlap of these records (i.e.,
1899-1992).

While the traditional measure
of the strength of the Asian sum-
mer monsoon is precipitation over
a particular region (e.g., the All-In-
dia precipitation index), we have al-
so developed a measure of regional
summertime atmospheric circula-
tion that estimates the strength of
the summertime Asian Low using 5°
x 5° global sea-level pressure (SLP)
data following methods developed
by Trenberth and Paolino (1980). For
our Asian Low index, we have av-
eraged the monthly SLP for June,
July, and August within the region
of 15° - 60° N and 40° - 136° E.The
center of activity of the summertime
Asian low from June through Au-

gust commonly lies north of the In-
dian subcontinent within the region
chosen for the Asian Low index (Fig.
2).

A direct comparison of the Asian
Low index with All-India precipita-
tion shows little correlation among
the two variables. While precipita-
tion is arguably the most societally
important climatic variable in the re-
gion, it remains one of the most dif-
ficult parameters to measure and
interpret over a broad region due
to the difficulty of differentiating
the influence of geographical fac-
tors on precipitation versus chang-
es in circulation, and the spatial
limitation of the precipitation data
base which covers only a portion of
the land area under the influence
of the monsoon and none of the
adjacent ocean (Webster andYang,
1992). Furthermore, a comparison
between precipitation fluctuations
over the Himalaya and India does
not show good agreement.

Comparison between the annu-
alized FER calcium record and the
climate variables mentioned above
was accomplished using multivar-
iate EOF analysis rather than re-
peated simple linear regressions
because of its ability to assess joint
behavior of several variates (i.e.,
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major ions). The first EOF explains
almost half of the variance in the
SOl and approximately two-thirds
of the variance in the regional tem-
perature records (Table 2). The in-
verse relationship between the SOI
and temperature in continental re-
gions identified in EOF1 has pre-
viously been identified in several
studies. EOF1 also reveals a posi-
tive relationship between solar vari-
ability and temperature in central
Asia and India, reflecting the link
between increases in solar irradi-
ance and warmer climate. EOF2 is
loaded on the Asian Low, FER calci-
um, and All-India precipitation. High
calcium concentrations in the core
correspond to a deeper summer-
time Asian low (i.e., lower sea-level
pressure) (Fig. 3) and an increase in
summertime precipitation. Webster
and Yang (1992) show that strong
monsoons (i.e., stronger Asian Low
and more rain) are associated with
a substantial increase in 200 mb
zonal winds from 30° - 45° N in
central Asia in DJF and MAM pre-
ceding the summer of the strong
monsoon, while weak monsoons
are associated with a decrease in
Table 1: Median major ion concentrations

(ueq kg'!) for Far East Rongbuk (FER, n=80)

and Nangpai Gosum (n=493) ice core sam-
ples over the past 20 years.

Species FER Nangpai
Gosum
CaZ+ 8.61 0.21
NH§+ 2.07 0.97
Mg2+ 0.77 0.05
Na* 0.62 0.05
K+ 0.14 0.03
NO5 130 0.24
S0,% 0.81  0.05
Cl- 0.52 0.26

these zonal winds in the two sea-
sons preceding the weak monsoon.
An increase in zonal winds over the
desert regions in western Asia dur-
ing a strong monsoon transports
more dust eastward and result in
higher ion concentrations in snow
on the FER glacier, and vice versa
during weak monsoons.The inverse
relationship between the FER cal-
cium record and the Asian Low is
somewhat counter-intuitive as one
might expect an increase in precipi-
tation to decrease dust levels. How-
ever, this would only occur if the
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source of the dust was from the In-
dian subcontinent. Our spatial anal-
ysis of snow chemistry in central
Asia (Table 1) indicates that the dust
is actually derived from the arid re-
gions of the western and northern
margins of the Tibetan Plateau.
The direct relationship between
FER calcium and the Asian Low is
not strong (r = -0.31) but significant
on the 99% level. However, the rela-
tionship becomes clearer once the
effects of temperature, solar radia-
tion, and ENSO on the strength of
the Asian Low are accounted for, us-
ing multivariate EOF analysis. While
not perfect, the FER ice core calcium
record does provide a proxy record
of summertime Asian monsoon cir-
culation via the association between
the summer monsoon and 200 mb
zonal flow over central Asia, with
higher FER calcium concentrations
relating to a stronger monsoon. We
therefore use the longerterm FER
calcium record to interpret chang-
es in atmospheric circulation in
this region over the last 200 years.
The interannual variability of the
Asian Low, as evidenced in the
sea level pressure records, has in-

997
996
995
994
993
992
991

mbars

Asian Low (JJA mean)

1800 1850

120
1004
80
60
40
20

FER calcium

neq kg’

1800

1900
year

Fig. 3: Comparison of the Far East Rongbuk (FER) ice core calcium record and the Asian

low index.

toward deeper Asian Lows over the
past 50 years suggested by our
200 year FER calcium record may
represent an enhanced monsoon,
forced by a recent increase in the at-
mospheric concentration of green-
house gases. This would also imply
an increase in the strength of west-
erly circulation (i.e., 200 mb zonal
winds from 30° - 45° N in central
Asia) in the 6 months period pre-

Table 2: EOF associations between climatic variables and the Far East Rongbuk (FER) glacier

calcium record for the period 1899-1991.

Temperature “plateau”
Temperature “India”

Solar activity

Southern Oscillation Index
All-India summer precipitation
Asian Low

Far East Rongbuk Glacier Calcium

62 0
75 -12
89 11
-43 12
0 39
-16 -37
2 -39

creased since 1940 with especially
deep summertime lows occurring in
1871, 1946, 1960-61 and 1983 (Fig-
ure 3). The longerterm FER calci-
um record suggests that while the
calcium spikes are not unique to
the past 50 years, recent values
are higher than in the past. This
trend is not apparent in the pre-
cipitation record (Parthasarathy et
al., 1987). Circulation models sug-
gest an increase in the strength of
summer monsoon circulation with
increased global temperatures re-
sulting from increased concentra-
tion of greenhouse gases.The trend

ceding the monsoon and increase in
dust transport from theTibetan pla-
teau to the FER glacier.

Conclusions

The major ion chemistry of snow
at the FER glacier is dominated by
the influx of mineral aerosol derived
from the western and northern re-
gions of the Tibetan Plateau, sup-
porting previous research. Through
comparison of the FER calcium
record with a variety of climate
indices, we have documented a re-
lationship between dust deposition
it the Himalaya and the strength of
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the Asian Low. This relationship
can be explained by a link with the
upper level westerlies over the Ti-
betan plateau which are stronger
in the winter/spring preceding a
strong monsoon (Webster andYang,
1992). This strengthened circula-
tion would be responsible for an
increase in dust deposition on the
northern slope of the Himalaya. Our
records suggest that there has been
an increase over the past fifty years
in the strength of the Asian Low.
This is consistent with model re-
sults that suggest an increase in
the strength of the Asian monsoon
in a world warmed by greenhouse
gases. While tentative, our results
suggest ice core records provide a
valuable contribution to document-
ing and understanding decadal-to-
century scale variability of the Asian
monsoon.
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In this note we introduce one of
14 Collaborative Research Networks
(CRN) funded by the Inter-Ameri-
can Institute for Global Change Re-
search. It was established in 1999
and involves 15 principal investi-
gators from 13 institutions in Can-
ada, USA, Mexico, Bolivia, Chile
and Argentina. The primary goals
of the project are (i) to develop a
network of tree-ring chronologies
from climatically-sensitive treeline
sites in the western American Cor-
dillera and (ii) to use these data
to reconstruct and compare re-
gional interannual to decadal cli-
mate variability along the PEP-1
transect from Alaska to Tierra del
Fuego. The project also seeks to
enhance the development and uti-
lization of dendrochronology for
tropical mountain tree species and
expand collaboration, training and
the application of paleoenviron-
mental science within Latin Ameri-
ca to address the issues of climate
variability and change.

The existing Chronology

The existing tree ring chronology
coverage of the American Cordil-
lera is patchy (see Fig. 1) and the
initial sampling has targeted sig-
nificant geographical gaps and key
areas. We anticipate that the de-
velopment of this more compre-
hensive geographical coverage will
allow the reconstruction of spatial
and temporal patterns of temper-
ature and precipitation along this
transect over the last several hun-
dred years. Documentation of these
changing spatial patterns is key
to understanding the controls of
climate variability. Several new
chronology networks have been de-
veloped since the inception of the
project. In the Southern Canadian
Cordillera three new single species
chronology networks have been
developed for temperature recon-
structions at upper treeline sites. A
complementary network of 53 low-
er treeline moisture-sensitive sites

has also been assembled and is
being used to derive maps of an-
nual precipitation anomalies and to
assess drought frequency and in-
tensity for the region over the last
300 years. Extensive sampling is al-
so planned for temperature recon-
structions from treeline sites across
northern British Columbia and the
Yukon inthe next few years. In Mex-
ico the new sampling programs
have primarily targeted Douglas
Fir and Montezuma Bald cypress
stands across central and North-
ern Mexico to develop precipitation
and drought reconstructions that
have obvious applications to agri-
culture and forestry in addition to
their paleoclimate significance. In
South America, Nothofagus pumilo
(lenga) dominates treeline sites in
the southern Andes of Chile and Ar-
gentina. A network of over 90 len-
ga sites between 35° and 55°S has
been used to develop reconstruc-
tions of annual temperatures for
northwestern and southern Patago-
nia between AD 1630 and 1987 Both
reconstructions reveal the unusual
nature of regional climate condi-
tions during the 20th century when
compared with the past 400 years.
New chronologies have also been
developed for Austrocedrus chil-
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Fig. 1: Map of the Americas with prospec-
tive sampling areas and location of partici-
pating tree-ring laboratories.

(MM= Mexican Monsoon; TPI= Trans-Polar
Index;, PDO= Pacific Decadal Oscillation)

ensis in both Chile and Argentina
with a maximum length of over
1800 years that will yield long pre-
cipitation and ENSO reconstruc-
tions.Tree growth in many of these
tree-ring series is strongly correlat-
ed with sea surface temperatures
(SST) in adjacent areas of the Pa-
cific and Atlantic Oceans (Fig. 2).
Reconstructing the spatial and tem-
poral variability of Pacific SSTs will

-60

-180 120 -100 -80

Fig. 2: Correlation fields between reconstructed temperatures in NW (above) and Southern
Patagonia (below), based on lenga tree-ring width chronologies and SSTs across the South

Pacific and South Atlantic.
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Fig. 3: Relationships between drought and disease in 16th century Mexico (after Acuna-Soto
et al., in press). The drawing is reproduced from contemporaneous sources.

enhance our understanding of the
global climate system (e.g. in stud-
ies of El Nino, PDO and their inter-
relationships). In conjunction with
ongoing dendroclimate work, sev-
eral investigators are also using
dendrochronology to date glacier
fluctuations of the last millennium
in Canada, Chile and Argentina.

The Mexican “Megadeath”

In addition to their value as pa-
leorecords, these tree-ring archives
will also be applied to the study
of a number of economic, social
or environmental issues. For exam-
ple, recent drought reconstructions
indicate that the catastrophic co-
coliztli epidemics of the Mexican
Highlands beginning in 1545 and
1576 coincided with the most se-
vere drought in the last 500 years
(Acuna-Soto et al., 2000, Fig. 3).
Cocoliztli is now thought to be
an indigenous haemorrhagic fe-
ver, possibly transmitted by rodent
hosts and aggravated by drought
conditions. It is hypothesized that
drought periods can concentrate
and spread infection among the
residual rodent population. When
climatic conditions ameliorate, the
infected rodent population may in-
vade farms and homes to spread
the disease agent. Humans infected
with cocoliztli often died painfully in
as little as 3-4 days. Similar climate
forcing was observed during the
Hantavirus outbreaks in the south-

western US in 1993, but cocoliztli
probably was not a Hantavirus and
the true disease agent remains un-
known. Nevertheless, the 16th cen-
tury epidemics do seem to have
occurred during one of the worst
Mexican droughts in the past 500
years, and the epidemics of 1545-8
and 1576-8 each reduced the pop-
ulation of the Mexican Highlands
by about 50%. Population recovery
was slow and numbers remained
well below their 16t century levels
until the 20th century.

Climate variability

Reconstruction of climate variability
in low latitudes has been hampered
by the lack of suitable annually-re-
solved proxy climate records. This
project attempts to narrow the “lati-
tudinal gap” between the present-
ly available tree-ring chronology
networks by (i) expanding existing
chronology networks equatorwards
for those species known to have an-
nual rings and (ii) by exploring the
potential of many new species to
yield annual ring series. During the
last year we have developed chro-
nologies from sites at the extreme
range of Douglas fir (Pseudotsuga
menziesii) at 17° and 55°N in Mex-
ico and British Columbia, respec-
tively. Chronologies have also been
developed from four new tropical
species; Pinus hartwegii growing at
3,600-3,700m on Nevado de Coli-
ma volcano, Mexico (20°N): Polyl-
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epis tarapacana at 4,800-4,900m on
Volcan Sajama, Bolivia (18°S) and
4,750m on Cerro Granados, Argen-
tina (22° 32'S); Polylepis pepei in
the CordilleraTunari, Bolivia (17°S)
and Prosopis ferox at 3,500m in
the Humahuaca Valley, Argentina
(23°S). Although ring definition var-
ies between these species they all
show promise for the reconstruc-
tion of temperature (Polylepis) or
precipitation (Pinus and Prosopis).
Living specimens of Polylepis and
Prosopis are known to reach ca.
500 years of age. The two Bolivian
chronologies are the highest eleva-
tion tree-ring chronologies in the
world.

Future goals

Expanding scientific capacity, train-
ing and exchanges are also major
goals of the project. New laborato-
ries have been established for basic
dendrochronological work in Duran-
go, Mexico, La Paz, Bolivia (both
October 2000) and Piura, Peru (Jan-
uary 2001, using IAI-PESCA fund-
ing). All will serve regions with little
or no prior expertise in tree-ring
studies. Dedicated staff are now em-
ployed at each facility and have
undertaken training at one of the
laboratories in the CRN (Mendoza,
Tucson, Lamont or Arkansas). The
CRN sponsored participation of latin
american students in the first den-
droecological field courses to be
held in Latin America at San Martin
de los Andes, Argentina (April 2000);
Saltillo, Mexico (August 2001) and
in Valdivia, Chile (April 2001).

This project will run in its pres-
ent form for 5 years and we are
still in the initial stages. It will pro-
vide new proxy records of local
and regional climate variability and
change, many from regions that
hitherto have been data-poor. It
will also be able to generate re-
lated datasets (e.g. drought and
flow frequencies; estimates of tim-
ber production) that may be useful-
ly applied to impact assessment or
scenario development for environ-
ments undergoing significant cli-
mate change. The combination of
such regional data sets with other,
presently available, data (e.g. from
the western United States) will ul-



timately allow the development of
hemispheric-scale datasets for the
last 300-500 years. These data sets
will be used to document the large
spatial and temporal variance that
characterises the tropical (ENSO)
and high latitude (e.g. PDO) atmo-
spheric circulation features asso-
ciated with interannual to decadal
variability of climate over the Ameri-
cas. For example, the recent ENSO
reconstruction developed by Stah-
le et al. (1998) may be significantly
enhanced by the incorporation of
data from drought-resistant and El
Nino sensitive tree-ring chronolo-
gies in Central Chile and adjacent
Argentina. Similarly the develop-
ment and combination of data sets
to address low frequency climate

variability (e.g. Villalba et al, 2001)
could significantly improve under-
standing of phenomena such as the
PDO and the relationship between
PDO and ENSO phenomena. As the
project continues we hope to pro-
vide data that will address these
large scale issues.

Further information about partic-
ipating scientists and institutions,
plus the first two annual reports
of activity and other information
can be found on the project’s web
site at http://www.cricyt.edu.ar/IAl/
or through http://wdc.cricyt.edu.ar/

ACKNOWLEDGEMENTS

We would like to thank R. Villalba, M.
Morales and D.W. Stahle for providing the
data in Figures 2 and 3, respectively.

Paleoecology of Eastern Africa Mountains

Danier 0. Oraco anp Eric 0. Opapa

Science Highlights

REFERENCES

Acuna-Soto, R., L. Calderon Romero, and J.H.
McGuire, 2000. Large epidemics of hemorrhagic
fevers in Mexico 1545-1815. American Journal of
Tropical Medicine and Hygiene 62(6):733-739.

Acuna-Soto, R., D.W. Stahle, M.K. Cleaveland, M.D.
Therrell, in press. Megadrought and megadeath
in 16th century Mexico. Emerging Infectious Dis-
eases.

Stahle, D.W., D"Arrigo, R.D., Krusic, PJ., Cleaveland,
MK., Cook, E.R., Allan, R.J., Cole, J.E., Dunbar,
R.B..Therrell, M.D., Gay, D.A., Moore, M.D.,
Stokes,. M.A., Burns, B,T,, Villanueva-Diaz, J. and
Thompson, L.G., 1998. Experimental dendrocli-
matic reconstruction of the southern oscillation.
Bulletin of the American Meteorological Society,
79(10): 2137-2152.

Villalba, R., D'Arrigo, R.D., Cook, E.R., Wiles, G, and
Jacoby G.C. 2001. Decadal-scale climatic vari-
ability along the extratropical western coast of
the Americas: Evidences from tree-ring records. In:
Inter-Hemispheric Climate Linkages, Vera Markgraf
(ed.), Academic Press. pp. 155-172.

Department of Geology, University of Nairobi, PO Box 30197 Nairobi, Kenya; dolago@uonbi.ac.ke, eodada@uonbi.ac.ke

Africa is a rich repository of pa-
leoenvironmental and paleoclimat-
ic information. It is unique in that
it is the only continent that, almost
symetrically, straddles the equator,
and hence experiences both north-
ern and southern hemispheric cli-
matic influences. This, coupled with
the influence of the oceans that sur-
round it, results in an intriguing
paleo-record that offers the possi-
bility of understanding the links in
climate between the high latitudes
and the tropics, and inter-hemi-
spheric teleconnections. Sedimen-
tary records from lakes, swamps
and mires, ranging in altitude from
sea level to over 5,000m above
sea level (Kilimanjaro, Ruwenzori
and Mt. Kenya, Fig.1), and extend-
ing from the northern mid-latitudes
to the southern mid-latitudes, pro-
vide an array of paleo-proxies and a
range of sensitivities to the regional
and global climate system that are
essential for the elucidation of natu-
ral climate and environmental vari-
ability in the past. Further data is
particularly required in the tropical
regions, where a dearth of informa-
tion exists as compared to the high
latitude areas. In particular, most re-
cords of the continental tropics do
not extend beyond 40,000 14C-yr BP

Fig. 1: View of Mount Kenya from the northern moorland.

(mosttend to have records less than
30,000 "4C-yr BP). In the few cases
where a long record exists, poor
dating control and consequently
poor age models constrain both
interpretation, and correlation of
events (particularly abrupt events)
on local and regional scales.

Modern Vegetation

The African mountains exhibit high
diversity in vegetation types due
to the pronounced variations in
temperature, atmospheric CO, con-
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centration, solar radiation receipts,
precipitation and soil moisture in-
dices that are related to the sharp
changes in altitude and the effects of
topography and aspect.The vegeta-
tion is classified into three altitudi-
nal belts, which are, with increasing
altitude, the Montane Forest Belt,
the Ericaceous Belt and the Afroal-
pine Belt (Fig. 2). Within the belts,
distinct zones are recognised: thus,
the Montane Forest Belt contains,
in ascending order, the Montane
Rain Forest Zone, the Bamboo Zone



and the Hagenia-Hypericum Zone;
the Ericaceous Belt contains the
Moorland Zone (Fig. 1) and the Eri-
caceous Zone. The Afroalpine Belt
is not divided. Each belt is repre-
sented on every mountain (provid-
ed it is sufficiently high) but not
all the individual zones are nec-
essarily present. There are striking
variations in the altitudes of the
zone boundaries on different moun-
tains and even on different parts of
the same mountain. Some of these
differences may be related to the
variations in cloud cover, moisture
availability and aspect. On Mount
Elgon, for example, it appears that
under dry sunny conditions, vege-
tation belts reach higher altitudes
on eastern than on western slopes,
resulting in considerable differenc-
es in the altitudinal ranges of veg-
etation between the wet and dry
sides (Hamilton, 1972). Disturbance
often lowers the upper limit of a
species, and this is particularly ap-
parent on Mount Elgon, where the
upper boundary of the Montane
Forest Belt has been lowered, thus
reducing the altitudinal range of the
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forest species (Hamilton, 1972).The
upper limit of a species range is
more closely determined by tem-
perature conditions than the lower,
and extension is greatest in areas
of more favourable water balance.
In the case of lower altitudinal lim-
its of species ranges, extension is
encouraged by one or both of two
factors: reduced competition and
more favourable moisture condi-
tions. Conditions of reduced com-
petition occur both artificially (forest
clearings, grazed land) and natural-
ly (forest gaps, unstable soils, unfa-
vourable microclimates). The high
altitude regions (>2,000m a.s.l.) of
East Africa are characterised by Cs
grasses, and above 4,000m grasses
are exclusively C5, while lower al-
titude regions (<2,000m) are dom-
inated by C4 grasses but support
about 10% C5 species. It has, how-
ever, been shown that there are sig-
nificant amounts of C, grasses at
altitudes up to 3,200m on Mount
Kenya, and in some select areas C,
grasses (e.g. Andropogon amethys-
tinus) are found up to 4,000m.

VEGETATION BELTS OF EAST AFRICAN MOUNTAINS
(SCHEMATIC PROFILES)
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Fig. 2: Schematic profiles of the vegetation belts on East African mountains.
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Paleoecology
The eastern Africa mountains have
several swamps and small lakes
(crater lakes, tarns) from which
sedimentary records of late Qua-
ternary paleoecology have been
reconstructed. In this article, we re-
view evidence of the last glacial
maximum and Holocene paleoecol-
ogy of eastern Africa mountains.
The period 22,000 to 14,000
14C-yr BP was characterized by ex-
pansion of C, grassland, the frag-
mentation and depression of high
altitude vegetation zones, and pro-
gressive aridity (Fig. 3). Although
some differences, due to the local
or regional climatic factors pecu-
liar to each area, are observed in
the precise timing (real or an arte-
fact of age modeling) of vegetation
changes between mountains, the
shifts were broadly synchronous.
These changes are in turn similar to
those that occurred simultaneously
across the global low latitude belts,
suggesting that these environmen-
tal changes were driven by globally
pervasive climatic factors. Pollen-
derived estimates of the temper-
ature depression during the Last
Glacial Maximum (LGM) for various
tropical sites average about 6°C.
More recent temperature estimates,
derived from multivariate statisti-
cal analysis of pollen assemblages
from Kashiru Swamp, and low-al-
titude Lake Tanganyika, indicate a
decrease of 4°C+2°C and 4.2+3.6°C,
respectively. These estimates are
generally lower than the earlier in-
ferred LGM-values for East Africa,
but are more plausible in view of
the uncertainty of both the influ-
ence of the large changes in at-
mospheric CO, concentrations in
tropical vegetation dynamics and
the variability of tropical precipita-
tion on seasonal, inter-annual and
decadal time-scales. From water
balance studies, LGM precipitation
is estimated to have been 9 to 32%
lower than present. A recent pollen-
inferred estimate for LGM precipi-
tation decrease relative to present
for the central East Africa high-
lands is 32% with two maxima at
19,000 '4C-yr BP (45%) and 18,000
to 16,000 14C-yr BP (42%).
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Fig. 3: Profile of glacial-interglacial change from pollen and stable isotope records in east African mountains and highlands.

Pollen, stable carbon isotope da-
ta (distinct increase of C; plants)
and morainic evidence show that
the period 15,000 to 10,000 4C-yr
BP marked a time of climatic transi-
tion, with rising temperatures and
an increasingly moist climate. At
most sites, increases in C3 plants,
marking the onset of warmer, moist-
er climate precede similar evidence
from pollen data, and probably
reflect a more rapid response of
grasses (as compared to woody
vegetation) to climatic ameliora-
tion. Evidence of a Younger Dryas
event is found at some sites, such
as on Mount Kenya, between 11,000
and 10,000 4C-yr BP.

Between 10,000 and 8,000 '4C-
yr BP, pollen data indicate a signifi-
cant expansion of montane forest
at high altitude sites occupied by
Ericaceous Belt taxa during the last
glacial and suggest warmer cli-
mate and significantly increased
precipitation. Other tropical forests
achieved their maximum extension
during this period as well. The lake
regression phase between 8,000
and 6,000 14C-yr BP in eastern Af-
rica can be correlated with: 1) rela-
tively cool conditions, depression
of the treeline and the establish-
ment of Afroalpine grassland on

Mount Kenya; 2) a shift from ever-
green to semi-deciduous forest be-
tween 7,000 and 6,000 4C-yr BP in
the Pilkington Bay area; and 3) an
increase in dry tree taxa and Che-
noams in the Naivasha area.

Drier conditions in the Holocene
were initiated at about 4,000 14C-yr
BP.This is reflected by replacement
of wet montane forest taxa by dry
montane forest taxa and a rise in
the savanna-forest ecotone at high
altitude sites; a shift towards more
positive stable carbon isotope val-
ues in lake/swamp sediments; and
replacement of trees by herbaceous
elements at lower altitudes.

Due to their high environmental
and climatic sensitivity, mountains
offer particularly good sites for high-
resolution reconstruction of paleo-
ecological change and elucidation
of the factors driving the change.
High-resolution, multi-proxy anal-
yses of well-dated cores are par-
ticularly required from the tropics
to better understand the long- and
short-term periodicities that charac-
terise the climate and environment
of the region. The African region is
today very vulnerable to climatic
change. Given the rapidity of hu-
man impact on the environment,
and the associated uncertainties re-
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garding the impact on global cli-
mate and environment, as well
as the modes of feedback and de-
gree of interaction between the var-
ious components/factors of change,
there is a need to better understand
the natural climate and environ-
mental variability. More long-term
records of change are therefore re-
quired to assess the significance of
historically documented and mod-
ern-day change in the region. For
example, the mechanisms underly-
ing the abrupt, large-scale climatic
events in the Holocene need to be
understood as they occurred during
a period with similar climatic condi-
tions as today.
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Climate and Environment during the Last Deglaciation and the
Holocene in NW Russia and around the Baltic

St1. PETERSBURG, Russia, 27 MarcH — 2 Arrir, 2001

In a beautiful old palace on the
southern shore of the Gulf of
Finland, researchers from Swe-
den, Finland, Denmark, Estonia
and Russia presented the results
of their scientific network project.
The Nordic Council of Ministers
(www.norden.org) provided fund-
ing, enabling the participation of
a number of Russian, Swedish
and Finnish Ph.D. students and
the workshop was organized by
the Institute of Limnology, Russian
Academy of Sciences, St. Peters-
burg, together with Lund Universi-
ty, Sweden, and Helsinki University,
Finland. More than 60 participants
from the UK, Norway, Sweden, Fin-
land, Estonia and Russia took part
in the meeting, which was divided
into three oral sessions and several
poster sessions.

The network project started in
1996, with the objective of using
lake sediment analyses to recon-
struct environmental changes in
NW Russia during the last 15,000
years. The project is mainly fi-
nanced by the Swedish Institute, the
Royal Swedish Academy of Science
and the Swedish Natural Science
Research Council. Lake sediments
were retrieved along a NW-SE tran-
sect in regions such as the Kola
Peninsula, eastern Russian Karel-
ia, the Karelian Isthmus, the Valdai
hills and the Rostov-Jaroslavl’ area
north of Moscow. To summarize the
research results which have been
obtained so far, and to compare
them with other ongoing research
projects, the workshop addressed
two major themes: (1) Late Qua-
ternary environmental and climatic
changes in NW Russia and around
the Baltic Sea, and (2) Baltic Sea de-
velopment.

J. Lowe (UK) explained the
initiatives and proposals of the
INTIMATE group (INTegration of
Ice-core, MArine and TErrestrial
records,www.geog.uu.nl/fg/
paleoclimate/intimate) and dis-
cussed how a close collaboration
between the NW Russian science

View of Lake Ladoga from the Valaam
Island

communities and the INTIMATE
project group could be of mutual
benefit for improving understand-
ing of the rapid environmental
changes around the North Atlantic
region during the Last Glacial-In-
terglacial transition. Lake sediment
studies have a long tradition in
Russia. The Institute of Limnology
(Russian Academy of Science, St.
Petersburg) has been involved in
paleolimnological research in many
regions of the former Soviet Union
since the 1950s. D. Subetto and
N. Davydova (Russia) gave a his-
toric overview of the Institute’s
research program, which has in-
volved the study not only of lakes
close to St. Petersburg (Lakes Lado-
ga, Onega and II'men), but also of
lakes on the Kola Peninsula, in the
Bol'shezemelskaya tundra, in the
Urals, in Kazakhstan, in Kirgizyia, as
well as in high mountain areas in
the Caucasus, the Pamir, Tien-Shan
and Mongolia.

A special session was devoted
to the results of the joint Swedish-
Russian project. B. Wohlfarth gave
an overview on the present state of
the project, which was followed by
individual presentations of some of
the scientists involved. It was noted
that the application of a multi-proxy
approach in studying the different
lake sites led to the discovery of the
Vedde Ash on the Karelian Isthmus
and to a complex regional picture
of environmental development dur-
ing the deglaciation and early Holo-
cene.

An attempt to understand the
timing of the Littorina trans-
gressions in the southern Baltic
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Sea included presentations of on-
going paleoecological studies in
Ingermanland, NW Russia. In this
area, Littorina transgression phas-
es (8,000-4,000 BP) are being stud-
ied and the timing and significance
of the observed phases are being-
compared to the south-western and
southern Baltic (Sjalland in Den-
mark and Blekinge in Sweden).The
importance of a uniform sampling
strategy and analytical methodol-
ogy was emphasized.

This very successful meeting,
which would not have been possi-
ble without the help of the staff and
Ph.D. students from the Institute
of Limnology and students from
St. Petersburg State University (T.
Sapelko, D. Kuznetsov, O. Vinogra-
dova, D. Maksimov, A. Maksimo-
va, E. Sikatskaya), certainly helped
to establish many new contacts to
bridge the gap between Russian
and Scandinavian science. Hopeful-
ly, young students will now take ad-
vantage of these contacts, so that
a student exchange programme
can gradually be built up. Special
thanks go to S. Slotina for orga-
nizing the cultural highlights, for
professional guidance in St. Peters-
burg and for help and assistance
throughout the conference.

An abstract volume of the lec-
tures and posters is available from
the Institute of Limnology, RAS, St.
Petersburg.

DmiTRY SUBETTO

Institute of Limnology , Academy of
Sciences St.Petersburg, Russia
Subetto@ds5544.spb.edu

BarBARA WOHLEFARTH

Dept. of Quaternary Geology,
Lund University, Lund, Sweden
Barbara.Wohlfarth@geol.lu.se

HanNu HYVARINEN

Dept. of Geology, Helsinki University
Helsinki, Finland
Hannu.Hyvarinen@helsinki.fi
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Past Climate Variability Through Europe and Africa

Aix-EN-PROVENCE, France, 27-31 Avucust, 2001

This synthesis conference present-
ed the state of the art in our under-
standing of past climate variability
and its impacts along the PEPIII
transect. The 34 plenary overview
talks were organized by region and
timescale, with more than 200 post-
ers covering detailed regional stud-
ies.

The conference started with a
bang when David Battisti, in the first
plenary presentation, told the au-
dience that the overturning circula-
tion in the modern North Atlantic
has only a modest effect on the cli-
mate of Europe, and even less im-
pact elsewhere. He followed up with
modeling results suggesting that al-
though the THC may set the times-
cale of late glacial millennial climate
variability, a trigger should probably
be sought in the tropics.

The role of the tropics in forcing
extra-tropical millennial scale vari-
ability came up again whenTim Par-
tridge showed a ~200,000 year long
record from the Tswaing impact
crater in South Africa. This record
shows a strong precessional signal
of variability with a period around
40,000 years prior to about 50 kyr

BP. As might be expected based on
the insolation forcing, continental
African records appear to be anti-
phase on precessional timescales.
Only after 50 kyr BP does the Tswa-
ing record begin to resemble the
millennial scale variability seen in
Greenland. A regional aridity index
suggests that the onset of dry pe-
riods in Southern Africa may corre-
late with Heinrich events, but if so,
precede them by 3,000 years.

The range of topics included
monsoons, ENSO, solar activity, al-
pine glacier and treeline variations
and athropogenic effects. In the dis-
cussions of the future of PEP3, inde-
pendent dating and understanding
the processes which produce local
proxy records, were stressed as
absolute requirements to address
questions of climatic variability on
the scale of the transect as a whole.
A major future goal for PEP3 was
seen to be providing a long term
perspective on resource use and
sustainability.

With close to 300 participants,
this conference was a huge success,
thanks to Francoise Gasse, her “on
site” team and to Rick Battarbee and
Catherine Stickley in London. One
outcome will be a synthesis book
edited by Rick Battarbee and Fran-
coise Gasse entitled “Past Climate
Variability Through Europe and Afri-
ca!” This book will be available from
Kluwer in 2002.

KeirH ALVERSON AND ISABELLE LAROCQUE
PAGES IPO, Berne, Switzerland,
alverson@pages.unibe.ch,
larocque@pages.unibe.ch

A W lonkthe}PAGESIbookshelf:

“CrAcERS AND CuvATE CHANEE”

JoHANNES OERLEMANS

PUBLISHED BY A.A. Barkema PusLisueRrs / Lisse / Asinepon /Exron / Tokyo 2001

Content:

- Introduction
- Basic concepts

-The micro-climate of a valley glacier

- Modeling glacier mass balance

- Modeling the geometry and flow of a valley glacier
- Calculations for a glacier of constant width

- More realistic geometry

- Numerical modeling of real glaciers
- Climatic interpretation of glacier fluctuations
-The global picture and sea level rise

-The future of glaciers

-The future of glacier research
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February, 10 - 15, 2002, Ascona, Switzerland:
Conference on Coccolithophores

Further information:
Dr. Patrick Sean Quinn, patrick.quinn@erdw.ethz.ch
http://www.coccoco.ethz.ch/

March, 18 - 22, 2002, Lepizig, Germany:
First Workshop of the DEKLIM-EEM project: Climate
Change at the Very End of a Warmstage

Further information:
Saskia Rudert, rudert@mail.uni-mainz.de
http://www.uni-mainz.de/FB/Geo/Geologie/sedi/index.html

March, 25 - 27, Springfield, USA, 2002:
Holocene Climate and Lakes

Further information:
Dr. Andrea Lini, alini@zoo.uvm.edu
http://www.geosociety.org/sectdiv/northe/02nemtg.htm

May, 16 - 17, 2002, Moscow:
PAGES SSC meeting and Workshop on “High Latitude
Paleoenvironments”

Further information:
Isabelle Larocque, laroque@pages.unibe.ch
http://www.pages-igbp.org

June, 13 - 16, St. Cloud, MN, USA:
The 2nd International Past Grasslands Research Con-
ference (PGR 2002)

Further information:
Mikhail Blinnikov, mblinnikov@stcloudstate.edu
http://www.visitstcloudmn.com/pages/visitor.html

July, 15 - 18, 2002, Madrid, Spain:
Quaternary Climatic Changes and Environmental Crises
in the Mediterranean region

Further information:
Ana Vadeolmillos Rodriguez, climatic.changes@uah.es

http://www2.uah.es/qchange2002

Several START Young Scientist Awards given to PAGES scientists!

The 2001 START Young Scientist Award program was the most successful yet. The largest number of very well
qualified candidates applied since the awards program was established. In response, the number of awards
was expanded this year from 10 to 16.

The PAGES related 2001 START Young Scientist Awardees are:

GusTI ANSHARI

Tanjungpura University, Indonesia for his paper, “A late Pleistocene and Holocene pollen and charcoal record
from peat swamp forest, Lake Sentarum Wildlife Reserve, West Kalimantan, Indonesia” Paleogeography,
Paleoclimatology, Paleoecology (2001) in press. Gusti began his affiliation with PAGES as a grantee to present
his work at the Global Change Open Science Conference in Amsterdam, 2001.

BraniM DAMNATI

Department of Earth Sciences and Oceanology, Abdelmalek Essaadi University, Tangier, for his paper, “Holo-
cene lake records in the Northern Hemisphere of Africa!” Journal of African Earth Sciences (2000) 31(2):253-262.
Brahim began his affiliation with PAGES with a fellowship to attend the Swiss Climate Summer School along
with a PAGES workshop on outreach to young scientists in developing countries in 1999.

Zewpu EsHETU

Department of Botany, University of Cape Town, South Africa for his paper, “Reconstruction of forest site
history in Ethiopian highlands based on 13C natural abundance of soils” Ambio (2000) 29(2):83-117. Zewdu
began his affiliation with PAGES on being awarded a hardbound copy of the PAGES special issue “Past Global
Changes and their Significance for the Future” based on his presentation at the Global Change Open Science
Conference In Amsterdam.

TuamBAN MELOTH

Department of Geology, Government College Kasargod, India for his paper, “Glacial to Holocene fluctua-
tions in hydrography and productivity along the southwestern continental margin of India.” Paleogeography,
Paleoclimatology, Paleoecology (2001) 165:113-127. Thamban began his affiliation with PAGES with a fellowship
to attend the Swiss Climate Summer School in 1999. He has continued his interaction with PAGES as one of
the authors of the PEP2 Synthesis volume currently in preparation.
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