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PLENARY TALKS

Wednesday 9:30-10:00

Early onset of industrial-era warming across the
oceans and continents

Nerilie Abram®

1) Research School of Earth Sciences, The
Australian National University, ACT 2601 Australia
and ARC Centre of Excellence for Climate System
Science, The Australian National University, ACT
2601 Australia

* Nerilie Abram, nerilie.abram@anu.edu.au

The evolution of industrial-era warming provides
critical context for future climate change, and has
fundamental importance for determining climate
sensitivity and the processes that control regional
warming over land and in the oceans. We use
post-1500CE palaeoclimate records to show that
sustained industrial-era warming of the tropical
oceans first developed during the mid-19th
Century, and was near-synchronous with Northern
Hemisphere continental warming. The early onset
of sustained, significant warming in palaeoclimate
records and model simulations suggests
greenhouse forcing of industrial-era warming
commenced as early as the mid-19th Century, and
included an enhanced equatorial ocean response
mechanism. The development of Southern
Hemisphere warming is delayed in continent-scale
reconstructions, developing around the end of the
19th Century over mid-latitude continents and not
yet evident at the continent scale over Antarctica.
This apparent delay is not reproduced in climate
simulations, but further regional analysis of an
expanded array of Antarctic palaeoclimate records
supports the delayed development of warming
here and may be related to Southern Ocean
circulation processes. Our findings imply that
instrumental records are too short to
comprehensively assess anthropogenic climate
change, and in some regions ~180 years of
industrial-era warming has already caused surface
temperatures to emerge above pre-industrial
variability.

Wednesday 10:00-10:30

The future of old things: geoinformatics for
better paleoscience

Julien Emile-Geay®, Nicholas P. McKay?, Yolanda
Gil’, Deborah Khider', Daniel Garijo3, Varun
Ratnakar®

1) Dpt of Earth Sciences, University of Southern
California, Los Angeles, CA, USA

2) School of Earth Sciences and Environmental
Sustainability, Northern Arizona University,

3) Information Sciences Institute, University of
Southern California, Los Angeles, CA, USA

* Julien Emile-geay, julieneg@usc.edu

By some accounts, paleoscientists spend up to
80% of their time trying to access the data they
need, in the form they need it. In the 21st century,
we should be able to do much better.This lecture
will review recent progress made by the
LinkedEarth project, which relies on data
standards and artificial intelligence to enable
scientists to spend more time doing the science
they want to do.LinkedEarth is manifesting a
better future for paleoscience by creating an
online platform that (1) enables the curation of a
publicly-accessible database by paleoclimate
experts themselves, and (2) fosters the
development of community standards. In turn,
these developments enable cutting-edge data-
analytic tools to be built and applied to a wider
array of datasets than ever possible before,
supporting more rigorous assessments of the
magnitude and rates of pre-industrial climate
change.We will start by illustrating these
principles in the context of the PAGES2k project,
and outline how they may serve the PAGES
community as a whole. In particular, we will
illustrate how to go from spreadsheets to
syntheses (PAGES2k). We will dwell on community
participation in the first paleoclimate data
standard. We will present GeoChronR and
Pyleoclim, new open-source tools compatible with
these standards and enabling cutting-edge
paleoscience. We will finish by some remarks on
interoperability, enabling cross-talk between
scientists within a field, across fields, and between
data and models.In our vision of the future,
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machines serve scientists, not the other way
around. Yet, the process needs a lot of human
input, and the participation of the PAGES
community will be recognized and further
encouraged.

Zaragoza, Spain, 9-13 May 2017

Thursday 9:00-9:30

Determining the causes of climate change: from
large scale temperatures to extreme events

Gabriele Hegerl', Andrew Schurer®, Tim Cowan®,
Carley lles', Juerg Luterbacher!, Simon Tett

1) University of Edinburgh
* Gabi Hegerl, gabi.hegerl@ed.ac.uk

Attribution of climate change to causes and
Attribution of changing risk of extreme events
both require reliable information about climate
variability and change. The grand challenge team
on extreme events highlights the need to better
observe, understand, attribute and simulate
extreme events. A short introduction to the
approach of the grand challenge is given, followed
by a discussion of its relevance to palaeoclimate.
Two examples are discussed: Many drought
reconstructions are available and there is
evidence for very significant drought events in the
past. As an example, the historical dust bowl
drought and associated heat waves are compared
to events that occur in climate model simulations.
As a mechanism, sprint moisture preconditioning
appears important, while links to decadal
variability connected to sea surface temperature
appear unclear and model dependent for that
region. When considering a possible role of
external forcing in drought, it is important to
consider the expected pattern of the response,
which can be complex over land. Nevertheless,
long streamflow data support broadly a wettening
of dry regions, and drying of wet regions following
volcanic eruptions. The second example focuses
on extremely cold conditions also following
volcanic eruptions. While overall, reconstructions
tend to show a weaker response to volcanic
eruptions than simulated, some of the most
extreme cold conditions of Europe occurred in the
1810s. Simulations suggest that this period around
the eruption of Mount Tambora was
systematically colder than the preindustrial
climate in general. Attribution analyses shows that
the volcanic eruptions are a key driver of these
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cool conditions, with only a weak contribution
estimated from solar forcing. However, other
aspects of the cold conditions, for example, in
Central Europe, appear atypical for volcanic
eruptions. Attribution methods can address to
what extent events such as these are random
weather variability, or what fraction of the risk of
cold conditions can be linked to the volcanic
eruption.

Thursday 10:00-10:30

Exploring atmosphere-ocean connections in the
Western Mediterranean region during past
climatic transitions: last terminations, glacial
inceptions and some Holocene key changes

Isabel Cacho®, Ana Moreno?, Heather Stoll®,
OPERA team*

1) GRC Geociencies marines, Dept. Dinamica de la
Terra i I'Ocea, Universitat de Barcelona

2) Pyrenean Institute of Ecology, CSIC, Zaragoza,
Spain

3) Dept. Erdwissenschaften, ETH Zurich, Zirich,
Switzerland

4) Universitat de Barcelona, Universidad de
Zaragoza, Universidad de Oviedo, Universitat de
les Illes Balears, IPE CSIC, University of Minnesota,
Xian Jiaotong University

* |sabel Cacho, icacho@ub.edu

The Mediterranean region is an exceptional
sensor of climatic variability and in particular, the
western Mediterranean Sea has demonstrated a
tight connection with changes in the Atlantic
Meridional Overturning Circulation (AMOC). Such
a connection is further explored through an
integrated study of cave speleothems and marine
sediments reflecting climate conditions along the
Iberian Peninsula. New speleothem records
covering a transect from the most Atlantic to the
most Mediterranean sectors across the lIberian
Peninsula provide solid chronologies from Marine
Isotopic Stage (MIS) 7 to 4 covering Terminations
[l and Il and subsequent glacial inceptions. A clear
picture stands out with a strong coupling between
intense aridity phases and cold stadial conditions
linked to AMOC weakening events and also to
changes in the Mediterranean thermohaline
circulation. In contrast, a high resolution Younger
Dryas speleothem record breaks with this overall
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stadial pattern showing an intra-event transition
from extreme arid toward wetter conditions
which is linked to circulation changes in the
Atlantic Ocean. Temperature and humidity
changes along the Holocene show a more complex
pattern. A new high resolution W-Mediterranean
surface temperature record supports maximum
temperatures during the early Holocene while
records from the north to the south of Iberia
indicate limited water availability. Maximum in
water availability occurred between 9-7 ka BP
followed by an overall reduction in humidity,
whose timing and pattern changes very much
among the records, likely reflecting different
proxy sensitivity, seasonality or regional
diachrony. Finally, both speleothem and marine
records show significant variability in temperature
and humidity pattern along the last 2 kyr,
particularly the Little lce Age appears as a very
unstable climatic period where two different
phases can be differentiated in terms of
temperature and rain patterns, the main driver of
the short term variability of this period seems to
be associated to the Atlantic Multi-decadal
Oscillation.
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specializations have been interpreted as artic
adaptations by some scholars, and yet there are
colleagues who state that Neanderthals could not
survive the Last Glaciation environmental
challenge. They were not outcompeted by
modern humans, it is said, Neandertals went
extinct for just the same reason that other warm
adapted European mammals. Their world
vanished.In this lecture the current evidence for
the role of the climate in the European
Pleistocene hominin evolution is critically revised.

Thursday 10:00-10:30

Human evolution and climate

Juan Luis Arsuaga’

1) Universidad Complutense de Madrid

* Juan Luis Arsuaga, jlarfer@gmail.com

We look around and see all the animals well
adapted to their respective ecological niches. They
have had enough time to adapt. Natural selection,
Darwin’s favorite mechanism for evolution, has
done a good job with them. The unfitted were
eliminated in the struggle for life, long time ago.
Today natural selection should be only a
normalizing force. Then, why do species evolve?
Darwin was well aware of this problem and
thought he had found the solution: the
environment changes. The fittest today could be
misfits tomorrow.In a similar way, climatic and,
consequently, ecological changes haven been
considered a driving force in human evolution. For
the origin of the hominins in the different African
East Side stories, to begin with. And for the rise
and demise of the Neanderthals in the dark and
freezing European Ice Ages. Neanderthal

Friday 9:00-9:30

Warm worlds — features and lessons from the
Quaternary interglacials

Eric Wolff and the PAGES Past Interglacials
Working Group®

1) Department of Earth Sciences, University of
Cambridge, Downing Street, Cambridge, CB2 3EQ,
UK

* Eric Wolff, ew428@cam.ac.uk

Worlds that are warmer than today have a
particular relevance for the future. The Pliocene
had higher CO2 concentrations, comparable to
those of today, but data to infer the climatic
effects are rather sparse. The Holocene has a
wealth of data but rather muted climate changes
in many places. Some Quaternary interglacials
offer a reasonable amount of data on both
forcings and response, and significant differences
in climate. However, interpretation is complex
because the forcings and responses have a
regional character that makes them only partially
analogous to anything expected in the
future.Interglacials are warm, low land-ice extent
(high sea—level), end members of glacial cycles.
Concentrating mainly on last 800,000 years, we
first explore different definitions of interglacials to
understand what the population of the species
“interglacial” is. We wuse a quasi-sea level
definition to identify 11 interglacials in the last
800 ka. Considering both astronomical forcing and
glacial maximum ice volume, we can tentatively
identify why this may be the case.Having
identified the group members, we study their
diversity. Marine, ice and terrestrial data
compilations suggest that, despite spatial
heterogeneity, Marine Isotope Stages (MIS) 5e
(last interglacial) and 11c (~400 ka ago) were
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globally strong (warm), while MIS 13a (~500 ka
ago) was cool at many locations. The onset of an
interglacial (glacial termination) seems to require
a reducing precession parameter (increasing
northern hemisphere summer insolation), but this
condition alone is insufficient. Terminations
involve rapid, non-linear, reactions of ice volume,
CO2 and temperature to external astronomical
forcing. The precise timing of events may be
modulated by millennial-scale climate change that
can lead to a contrasting timing of maximum
interglacial intensity in each hemisphere. This will
be illustrated particularly for the case of MIS5e,
and | will emphasise the implications of this
interglacial for ice sheet stability.

Zaragoza, Spain, 9-13 May 2017
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Friday 9:30-10:00

Future Earth — vision, mission and opportunities
Hannah Moersberger!

1) Future Earth, Global Hub in Paris, France

*hannah.moersberger@futureearth.org

Future Earth is a global platform for sustainability
research, aiming at advancing global sustainability
science, building relevant research capacities and
providing an international interdisciplinary
research agenda. The 10-year programme
produces the knowledge and support to
accelerate transformations to a sustainable world.
Future Earth is built on more than three decades
of international research on global environmental
change carried out by projects sponsored by
DIVERSITAS, IGBP and IHDP. PAGES has become
one of Future Earth’s global research projects in
2015.The presentation will give an overview of
Future Earth’s vision and mission, as well as its
current  activities.  Our  Knowledge-Action
Networks as the main mechanism to connect
science with society invite researchers from all
kinds of disciplines and backgrounds to get
engaged. Their scope covers a broad range of
topics, from oceans and natural assets to
transformations, the SDGs and financial and
economic systems.

Saturday 17:15-17:45

New observations of past, fast changes in
greenhouse gases

Edward Brook!, Rachael Rhodes?, Shaun
Marcott’, James Lee', Jon Edwards', Thomas
Bauska®, Jinho Ahn*, Michael Kalk!, Jochen
Schmitt® , Hubertus Fischer’

1) College of Earth, Ocean, and Atmospheric
Sciences, Oregon State University, Corvallis, OR,
USA

2) Department of Earth Sciences, University of
Cambridge, Cambridge, UK

3) Department of Geoscience, University of
Wisconsin, Madison, WI, USA

4) School of Earth and Environmental Sciences,
Seoul National University, Seoul, Korea

5) Climate and Environmental Physics, Physics
Institute & Oeschger Centre for Climate Change
Research, University of Bern, Bern, Switzerland

* Edward Brook, brooke@geo.oregonstate.edu

Advances in measurement technology and new
archives now allow the resolution of ice core gas
records to approach or exceed the atmospheric
lifetimes of methane, carbon dioxide, and nitrous
oxide. Detail at this level provides insight in to
mechanisms that control natural variability and
feedbacks in the climate system on time scales
relevant to human impacts on the earth system.
This presentation provides an overview of new
carbon dioxide and methane results, primarily
from the WAIS Divide ice core in Antarctica, that
reveal new aspects of the relationship between
abrupt climate change and greenhouse gas
biogeochemistry. Continuous records  of
atmospheric methane from WAIS Divide fully
document the well-known variations tied to the
Greenlandic stadial-interstadial variability, linked
by multiple lines of evidence to changes in low
latitude methane emissions. This and other
records also reveal a) abrupt shifts in the baseline
methane concentration during some Heinrich
stadials, probably tied to the impact of Heinrich
events on tropical hydrology, and b) persistent but
enigmatic centennial variability in the Holocene
and last glacial period. Carbon dioxide variations
during the last ice age and deglaciation generally
correlate with Antarctic temperature, but in detail
seem comprised of variability on different time
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scales. Coincident, abrupt increases in methane
and carbon dioxide during some Heinrich stadials
delineate a new type of abrupt event, probably
related to southward migration of tropical rainfall
belts causing increased methane emissions. The
synchronous carbon dioxide variations could also
have a terrestrial source, for example due to
drying in the northern tropics, but there are viable
mechanisms linked to changes in ocean circulation
or biogeochemistry.
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Saturday 17:45-18:15

Climate variability, vegetation dynamics and
human-environment in continental
Mediterranean Iberia during last glacial cycle

Penélope Gonzélez-Sampériz'

1) Pyrenean Institute of Ecology-CSIC, Av/
Montafiana s/n, 50059 Zaragoza (Spain)

*pgonzal@ipe.csic.es

The inland areas of Mediterranean lberia are
vulnerable regions to Global Change impacts as
they are characterized by extreme climate
conditions in terms of both temperature and
precipitation. Humans have faced abrupt
environmental and climate changes in these
territories through the last glacial cycle and those
synergies illustrate the PAGES initiative: the
climate-humans-environment interactions
through time.New records have changed our
understanding of the palaeoenvironmental
framework for inner lberia during the last glacial
cycle. The current complex biogeographical
context of the Iberian Peninsula is a reflection of a
complex palaeoenvironmental history, with
unexpected trends and impacts in both vegetation
landscape and hydrological processes, compared
with coastal areas, Atlantic and more typical
Mediterranean regions. Patterns of cultural and
socioeconomic evolution also show distinctive
characteristics.Not surprisingly, terrestrial
vegetation in continental Iberia shows a resilient
behaviour during millennial — scale evolution and
short periods of abrupt climate change, despite,
interestingly, nearby locations respond as
expected to abrupt changes with similar evolution
in terms of taxa composition to Mediterranean
and/or Eurosiberian sites. Besides, vegetation
dynamics usually followed local, or even regional,
palaeohydrological conditions but not always
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global  millennial-scale  climate  variability.
Asynchrony in both timing of the local last glacial
maximum and humidity onset at the beginning of
the Holocene are two clear examples of this
complex scenario. Additionally, hunter-gathered
groups likely responded to abrupt events with
migration episodes, but there are too a number of
examples of diverse responses to hydrological
crises during deglaciation and the Holocene.
Timing and intensity of first anthropogenic impact
is also very variable along the whole territory.All
these "apparent inconsistencies" are probably the
result of an incomplete record but also illustrate
the great heterogeneity inherent to
Mediterranean regions. Interpretations of past
human interactions with the landscape become
more difficult in regions with extreme events,
resilient vegetation and variable landscape
dynamics. But they also provide an opportunity to
improve our knowledge about Earth’s past
environment at local-regional scales, in order to
obtain better and more detailed scenarios of
human interactions with future climate and
environment changes, as PAGES promotes and
society demands.
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ID: 02156, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

-Tracing Marine Cryptotephras in the North Atlantic
during the Last Glacial Period

Peter Abbott', Siwan Davies’, Adam Griggsz, Anna
Bourne® 1) Institute of Geological Sciences, University of
Bern, Switzerland and School of Earth and Ocean
Sciences, Cardiff University, UK 2) Department of
Geography, Swansea University, UK 3) Geography and
Environment,  University of  Southampton, UK
* Peter Abbott, abbottp@cardiff.ac.uk

There is high potential to utilise tephrochronology to
integrate palaeoclimatic records from the North Atlantic
region to study climatic phasing, due to the high eruptive
frequency of Icelandic volcanoes. However, until now
North Atlantic marine records have been relatively
understudied. Here we report on investigations to define
a tephra framework integrating new studies of
cryptotephra horizons within a wide network of marine
cores with horizons identified in prior work. This
framework has the potential to underpin the correlation
of the marine records to the Greenland ice-core records
and European terrestrial sequences.

Investigations were conducted on 13 marine sequences
using cryptotephra extraction techniques to gain glass
shard concentration profiles and single-shard major
element geochemical analysis to characterise identified
deposits. Cryptotephras were identified in many records,
displaying diversity in shard concentration profiles and
geochemical homo/heterogeneity. These differences
reflect spatial and temporal variability in the operation of
a range of transport processes, e.g. airfall, sea-ice and
iceberg rafting, and post-depositional processes, e.g.
bioturbation and secondary redeposition. These
processes can impart a temporal delay on tephra
deposition and hamper the placement of the isochron,
therefore, their influence is assessed. A range of deposit
types with common transport and depositional histories
have been defined. Spatial patterns in the occurrence of
these deposit types have been detected, the dominant
controls at different sites explored and key regions
preserving isochronous deposits identified.

Overall, a framework of isochronous marine
cryptotephras has been defined for the last glacial period.
The most widespread deposit is the rhyolitic phase of
NAAZ 1l, identified in 9 of the marine sequences and
providing a direct tie-line to the Greenland ice-cores
records. The framework is dominated by horizons with a
basaltic composition, predominantly sourced from the
Icelandic Grimsvotn volcanic system but horizons with
Katla, Hekla, Kverkfjoll, Veidivétn and Vestmannaeyjar-
like compositions have also been isolated.

ID: 01945, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Indian Ocean Dipole variability during the last
millennium

Nerilie Abram’, Bethany Ellis", Bronwyn Dixon®, Wahyoe
Hantoro® , Chuan-Chou Shen* 1) Research School of Earth
Sciences and ARC Centre of Excellence for Climate System
Science, Australian National University, ACT 2601,
Australia 2) School of Geography, University of
Melbourne, Victoria 3010, Australia 3) Research Centre of
Geotechnology, Indonesian Institute of Sciences,
Bandung 40135, Indonesia 4) High-precision Mass
Spectrometry and Environment Change Laboratory
(HISPEC), Department of Geosciences, National Taiwan
University, Taipei 10617, Taiwan ROC
* Nerilie Abram, nerilie.abram@anu.edu.au

The Indian Ocean Dipole (IOD) is a mode of coupled
ocean-atmosphere variability that severely impacts
rainfall patterns in nations surrounding the Indian Ocean.
Coral-based reconstructions of 10D variability since the
mid 19" Century suggest that there has been a significant
increase in the frequency and magnitude of positive 10D
events in recent decades. Climate model simulations also
indicate that the rainfall impacts of extreme 10D events
will intensify in a warming world, however confidence is
limited by known biases in model representations of the
I0D. Here we use an array of fossil coral records from the
eastern equatorial Indian Ocean — where the signature of
IOD variability is optimised — to produce a semi-
continuous reconstruction of 10D variability during the
last millennium. This reconstruction includes coverage
during the Medieval Warm Period, Little Ice Age and pre-
industrial periods, as well as following major volcanic
eruptions of the last millennium. We use these records
alongside ensembles of climate simulations to assess the
factors that have caused changes in the frequency and
characteristics of 10D variability in the past, and to
provide valuable perspectives on the apparent and
predicted intensification of 10D activity during the 20"
and 21* Centuries.

ID: 01241, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Oral)

Late Quaternary record of changes in the planktonic
foraminiferal abundance in the north to south transect
of the Andaman Sea: inferences on monsoon climate

Sijinkumar Adukkamveedul, B N Nathz, Steven
Clemens3, S M Ahmad4, S M Guptaz, A AIdahanS, G
PossnertG, N Lathika’ 1) Department of Geology, School
of Earth Science Systems, Central University of Kerala,
Kerala , India 2) CSIR-National Institute of Oceanography,
Dona Paula, Goa, India 3) Earth, Environmental, and
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Planetary Sciences, Brown University, Providence, RI, USA
4) CSIR-National Geophysical Research Institute, Uppal
Road, Hyderabad, India 5) Department of Earth Sciences,
Uppsala University, Uppsala, Sweden 6) Tandem
Laboratory, Uppsala University, Uppsala, Sweden 7)
National Centre for Antarctic and Ocean Research, Vasco
Da Gama, Goa, India *Sijin Kumar Adukkam
Veedu, sijingeo@gmail.com

Late Quaternary climate and oceanographic conditions of
the Andaman Sea is rarely studied and the available paleo
records are limited to oxygen isotopic and magnetic
properties. We present here the downcore variations in
planktonic foraminifera assemblages along with oxygen
isotope and geochemical proxies of three well-dated
cores collected from the north—south transect of the
Andaman Sea. Age controls of the cores are based on
accelerator mass spectrometry (AMS) dates on mixed
planktonic foraminifera. The proxy profiles show glacial-
Holocene millennial scale monsoonal climate changes
and associated productivity fluctuations. Large variations
in river runoff, productivity and water column
stratification is seen associated with summer monsoon
evolution from last glacial to Holocene. Intensification of
the summer monsoon started in the early stages of the
Belling/Allergd (B/A; 15-13.5 ka) followed by slight
weakening during the Younger Dryas (YD) and regained
strength during early Holocene, coinciding with the
highest summer insolation at 30°N. This enhanced
summer monsoon during early to mid-Holocene resulted
in huge fresh water runoff that slowly muted upwelling
and productivity by intense stratification. Summer
monsoon was weaker during Heinrich Event 1 (H1), late
Glacial (19-16 ka), Last Glacial Maximum (LGM), 38 — 34
cal ka BP and 46-41 cal ka BP. A progressive gradual
decline in the total planktic foraminifera abundances
from early Holocene to present suggests a gradual
weakening of the summer monsoon. Our records show
that monsoon variability in the last 55 ka has been
controlled by variation in solar insolation, Atlantic
teleconnection on Heinrich and Dansgaard-Oeschger time
scale and finally shifting feedback associated with
summer-winter monsoon interaction.

ID: 01715, 16.-
paleofloods, (Oral)

Multidisciplinary reconstruction of

Late Pleistocene outburst floods of the ice-dammed
lakes and climate changes in the highlands of the SW
Tuva, mountains of Southern Siberia

Anna Agatoval, Roman Nepop1 1) Institute of Geology

and Mineralogy 2)  Ural Federal University
* Anna Agatova, agatr@mail.ru
We present the results of our multidisciplinary

investigations of the SW Tuva highlands, which is the
watershed of two basins: the Arctic Ocean and the inland
drainage basin of Mongolia. During Pleistocene
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glaciations, glaciers extended repeatedly from the
mountain ranges along the major valleys and impounded
extensive lakes within the depressions. Subsequent ice-
dam failures led to outburst floods. All these processes
were controlled by the Global climate changes and are
evidenced by numerous specific landforms and
sediments.In the framework of presented study generally
11 sections were studied and 15 new radiocarbon ages of
deposits of different genesis were obtained.

New data suggest the existence of significantly larger
lakes in the region. We also present evidences of the
outbursts floods from these ice-dammed lakes and
describe landforms and sediments associated with these
flooding events.

Available absolute dates suggest some chronological
stages of the late Pleistocene — Holocene regional
hydrological system transformation controlled by climate
changes. Period of prolonged climate deterioration
followed by the development of spacious glaciations and
related formation of ice-dammed lakes took place earlier
14000 vyears ago. Early Holocene climate warming
accompanied by degradation of the ice sheet determined
further stages of ice-dammed lakes development and
draining. We can state that no later than 8000 years ago
the water level in some lakes significantly declined and
after their final drying approximately to the modern size
there were only climatically driven oscillations of their
filling.

Favorable climate conditions (more warm and humid in
comparison with the modern ones) about 3000-3500
years ago was evidenced by soil formation and wide
spread of forest vegetation in treeless modern landscape
of the region. In 6" — 2" centuries BC the area was
widely settled by nomads associated with the Saglyn
culture of Scythian epoch.

ID: 01404, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

The Pleistocene fish fauna along the eastern coast of
Rhodes Island (eastern Mediterranean)

Konstantina Agiadil, Angela Girone?, Efterpi
Koskeridoul, Pierre MoissetteS, Jean-Jacques Cornée4,
Frédéric Quillévéré®, Vasileios Karakitsios' 1) National
and Kapodistrian University of Athens 2) Universita degli

studi di Bari 3) Université Lyon 1 4) Université
Montpellier 2
* Konstantina Agiadi, kagiadi@geol.uoa.grThe teleost

assemblages identified in the Pleistocene sediments of
the eastern part of Rhodes Island (southeastern Aegean
Sea) exhibit a similar structure to the present-day eastern
Mediterranean ones. Epipelagic fish include anchovies,
sardines, and horse mackerels, whereas lanternfishes
dominate the mesopelagic domain. The most numerous
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and diverse benthic and benthopelagic families are
congrids, gadids, sparids, and gobiids. A gradual
replacement of pelagic tropical-subtropical species by
subtropical-temperate ones, in both the neritic and the
oceanic domain, took place from the Gelasian until the
lonian stage. The distribution of pelagic taxa during the
Pleistocene appears to be mostly related to climate
variability at local and global scale. However, the benthic
neritic community did not suffer as well, since most of
the species remain present in the southeastern Aegean
until today. In the deep water, benthic and benthopelagic
taxa have been gradually removed from this area,
favoring  colder-water inhabitants. The otolith
assemblages identified in the Pleistocene sediments of
Rhodes Island significantly enhance the eastern
Mediterranean fish fauna Cenozoic record, which has so
far relied only on scarce and fragmentary skeletal
remains.

ID: 01296, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction

Frequent extreme rainstorms during late Holocene
regional drought in the Dead Sea basin

Marieke Ahlbornl, Moshe Armonz, Yoav Ben Dorz,
Achim Brauerl, Efrat Morinz, Ina Neugebauera, Markus
J. Schwab’, Rik Tjallingii*, Yehouda Enzel® 1) Section 5.2:
Climate Dynamics and Landscape Evolution, GFZ German
Research Centre for Geosciences, Potsdam, Germany 2)
Institute of Earth Sciences, The Hebrew University,
Jerusalem, Israel 3) Department of Earth Sciences,
University of Geneva, Geneva, Switzerland
* Marieke Ahlborn, marieke @gfz-potsdam.de

Linking the frequency of extreme-flow-producing
rainstorms and the long-term climate trends is essential
for assessing the impacts of global and regional climate
change. Our results present rare evidence of increased
frequency of torrential rainstorms likely associated with
the Active Red Sea Trough during a multi-century regional
drought in the eastern Mediterranean.

We studied a shallow water sediment core from the Dead
Sea to establish a time series of torrential rainstorms for
the time interval between 3.3 and 1.8 cal ka BP.
Microfacies analysis allowed the identification of 23
discrete graded layers formed by debris flows originating
from the nearby steep western escarpments of the Dead
Sea. Modern observations show that debris flows are
triggered by exceptionally heavy torrential rainstorms
over the escarpments, which exceed an estimated
threshold of at least >30 mm h™ for the duration of one
hour. Such rainstorms are synoptically associated with
the intrusion of the Active Red Sea Trough into the Dead
Sea catchment. An increased frequency of torrential
rainstorms during a regional drought (3.0-2.4 cal ka BP),
as suggested by our data, indicates a shift in the
prevailing synoptic-scale atmospheric circulation pattern.
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In particular, we suggest that the drought was caused by
a decreased frequency of eastern Mediterranean
cyclones and thereby allowed the increased frequency of
the Active Red Sea Trough triggering the torrential
rainstorms during generally drier conditions. Detailed
analyses of present-day data from nearby gauging
stations confirm that severe rainstorms become more
frequent during droughts, and provide more conclusive
evidences for late Holocene shifts in synoptic
atmospheric circulation patterns. Our late Holocene
sediment record from the Dead Sea provides a valuable
record of torrential rainstorms, their causative synoptic
conditions, and their linkage to the underlying long-term
climate trend in the eastern Mediterranean.

ID: 01973, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Oral)

Reconstructions of winter and summer hydroclimate in
western Tasmania

Kathryn AIIenl, Robert Evansl, Edward Cookl, Stuart
Allie*, Fiona Lingl, Greg Carson', Patrick Baker' 1)
University of Melbourne, Silviscan Pty Ltd, Lamont
Doherty Earcth Obervatory, HydroTasmania, Entura
* Kathryn Allen, Kathryn.Allen@unimelb.edu.au

Water resource availability is critical for agriculture,
environmental flows, hydroelctric energy production and
supply of drinking water. In Australia, short and sparse
instrumental records, most of which span < 100 years,
limit understanding of hydroclimatic variability. Here we
present two seasonal hydroclimatic reconstructions for
western Tasmania in southeastern Australia (SEA). In this
region water resources are managed on a seasonal basis
and there is often little relationship between the
hydroclimate of different seasons. Both reconstructions
are based on a mixture of ring width and wood properties
chronologies (e.g. tracheid radial diameter, cell wall
thickness, density, microfibil angle). The first and
longest, is a 960-year December - February dam inflow
reconstruction. The model explains ~37% of the variance
in the calibration period and ~48.5% in the verification
period. The reconstruction suggests that summer inflows
since ~1900 have generally been close to or below
average over the past millennium. The longest dry period
occurred around 1500 CE and was accompanied by mean
summer temperatures that were well above average.
Greater variability is apparent between about 1550 and
1750 CE. The second reconstruction, for the winter
period (July-August), is much shorter and also weaker
than the summer reconstruction, but verifies back to
1731. It explains ~23% of the variance in inflows and,
somewhat unusually, better captures wet rather than dry
periods. According to the reconstruction, winters for the
past ~150 years have been drier than for the previous
~150 years. Conditions more extreme than those in the
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20" Century have occurred in the past for both seasons.
Differences in the reconstructions demonstrate the
relevance of highly resolved seasonal information in
regions such as SEA, and temperature reconstructions for
the same region and season will facilitate more detailed
analyses of long-term hydroclimate than have previously
been possible for this region.

ID: 02142, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

oscillations in
in the

Late Pliocene-Early Pleistocene
Mediterranean Overflow water and climate
Iberian Margin

Montserrat AIonso—Garcial, Emilia Salgueirol, Teresa
Rodrigues1 , Carlos A. AIvarez-Zarikianz, Warley Soares ,
Ana l. Lopes1 , Henning Kuhnert®, Ursula RohI®, Antje H.L.
Voelkerl, Francisco J. Sierro4, Jose A. FIores4, Fatima
Abrantes' 1) Centro de Ciéncias do Mar (CCMAR),
Universidade do Algarve, 8005-139 Faro, and Instituto
Portugues do Mar e da Atmosfera (IPMA), Avda Alfredo
Magalhdes Ramalho 6, 1495-006 Lisboa, Portugal 2)
International Ocean Discovery Program, Texas A&M
University, Discovery Drive, College Station, TX 77845,
USA 3) University of Bremen, Leobener Str., Marum,
28359 Bremen, Germany 4) Universidad de Salamanca,

Pza de la Merced s/n, 37008, Salamanca, Spain
* Montserrat Alonso-

Garcia, montsealonso82@gmail.com

The Late Pliocene-Early Pleistocene transition is

characterized by a climatic cooling that boosted the
expansion of ice-sheets in the Northern Hemisphere and
brought the alternation between glacial and interglacial
periods. Several hypotheses have been put forward to
explain this climate transition, and recently, changes in
the production of Mediterranean deep water have been
suggested to be an important factor during this transition
since this deep water mass contributes high salinity water
to the North Atlantic enhancing the whole Atlantic
Meridional overturning circulation.

Here we investigated the oscillations in Mediterranean
overflow water (MOW) throughout the Late Pliocene and
Early  Pleistocene  using sedimentological and
paleontological data from Site U1391 (37° N; 9° W; 1085
m water depth), recovered on the Southwest Iberian
Margin during the Integrated Ocean Drilling Program
(IODP) Expedition 339. This site is located in a plastered
drift in the path of the MOW and offers high
sedimentation rates to perform not only high resolution
studies of past oceanographic conditions but also to
reconstruct climate variability in the region across this
transition. In this study, we provide the chronological
framework for the bottom part of Site U1391 and
combine records of XRF geochemical data (from X-ray
fluorescence core scanning), grain-size analysis, benthic
foraminifer 6°0 and 613C, and benthic assemblages
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(ostracod and foraminifers) to evaluate changes in deep
water circulation. Moreover, we reconstructed sea
surface temperature conditions to assess the coherence
between the regional climate and MOW. The high-
resolution record of the XRF analysis (Zr/Al) indicates
short-term MOW oscillations very likely related to a
precessional pattern, as previously shown for the Mid-
Late Pleistocene. However, the grain-size analysis shows
a decreasing trend across the study interval, which
indicates long-term changes in MOW. Early Pleistocene
glacial-interglacial cycles appear to show a stronger
coupling between MOW oscillations and sea surface
conditions.

ID: 01605, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Invited
Oral)

Application of HyRAD-X (a method combining reduced
representation of the exome and hybridization capture
applied to ancient DNA) to time series of subfossil
needles unravels the early Anthropocene history of the
silver fir, Abies alba, in a population from the southern
Alps

Nadir AIvarezl, Sarah Schmidl, Christoph Sperisenz,
Willy Tinner’ 1) Department of Ecology and Evolution,
Biophore Building, UNIL-Sorge, University of Lausanne,
1015, Lausanne, Switzerland 2) Swiss Federal Institute for
Forest, Snow and Landscape Research  WSL,
Zircherstrasse 111, CH-8903 Birmensdorf, Switzerland 3)
Institute of Plant Sciences and Oeschger Centre for

Climate Change Research, University of Bern,
Altenbergrain 21, CH-3013 Bern, Switzerland

* Nadir Alvarez, nadir.alvarez@gmail.com

Our understanding of the evolution of several

emblematic species across millenia has considerably
increased in the last decade, thanks to the application of
whole-genome capture, in combination with next-
generation sequencing. However, to our knowledge, only
anecdotical studies have made use of the application of
those methods to the impressive time series of tree
subfossils available in lake sendiments, to unravel the
late Pleistocene and Holocene evolutionary history of
forest species. One of the explanations to this gap is the
lack of proper reduced genomic representation technique
allowing to analyze a large number of ancient DNA
samples without applying costly whole-genome capture
methods.Here, we present a major update to those
methods, namely Hybridization capture from (messenger)
RNA to RNA (probes) using RAD-derived probes (HyRAD-
X), a technique applying RAD-sequencing to messenger
RNA from one or few fresh specimens to elaborate
bench-top  produced probes, i.e., a reduced
representation of the exome, further used to capture
homologous DNA from a samples set. As a proof of
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concept, we applied HyRAD-X to subfossil needles from
the tree Abies alba, collected in lake sediments at Origlio
(Switzerland) and dating back from 7200-5800 years
before present (BP). More specifically we investigated
genetic variation before, during, and after an
anthropogenic perturbation that caused an abrupt
decrease in Abies alba population size, 6500-6200 years
BP. HyRAD-X produced a matrix encompassing 524
exome-derived SNPs. Despite a lower observed
heterozygosity was found during the 6.500-6.200 years
BP time slice, genetic composition was nearly identical
before and after the perturbation, indicating that re-
expansion of the population after the decline was driven
by autochthonous specimens. This study outperforms by
orders of magnitude previous studies exploring the
potential of tree subfossil samples in population genomic
studies.

ID: 01940, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Common Era temperature reconstructions and the
response of the climate system to explosive volcanic
eruptions

Kevin Anchukaitisl, Rob Wilsonz, Jessica Tierneys,
Allegra LeGrande4, NTREND Consortiums, PAGES2k
Oceans2k HR® 1) School of Geography and Development
and Laboratory of Tree-Ring Research, University of
Arizona, Tucson, AZ, USA 2) School of Geography and
Geosciences, University of St Andrews, UK 3) Department
of Geosciences, University of Arizona, Tucson, AZ, USA 4)
National Aeronautics and Space Administration Goddard
Institute for Space Studies, New York, NY, USA 5)
Northern Hemisphere Tree-Ring Network Development
(NTREND) Consortium 6) Past Global Changes (PAGES) 2k
Consortium (Oceans2k)
* Kevin Anchukaitis, kanchukaitis@email.arizona.edu

Volcanic eruptions cause global-scale changes to the
climate system via the direct effect of radiative forcing
anomalies and the ensuing influences on and feedback to
major modes of ocean-atmosphere variability. Climate
model simulations suggest a larger degree of cooling
following eruptions  than proxy  temperature
reconstructions, and disagreement persists about the
subsequent state of the El Nino Southern Oscillation
system. Here, we use two recent temperature
reconstructions to investigate the response of the climate
systems to volcanic eruptions. Our new NTREND field

reconstruction of Northern Hemisphere summer
temperatures shows coherent, broad-scale cooling
associated with large tropical eruptions: 96% of

reconstructed grid points show composite mean colder
temperatures and an average response across all grid
points and all eruptions of -0.44C. Cooling persists in
some cases for 2 or more years following eruptions and
different eruptions reveal different magnitudes and
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spatial patterns that are not clearly associated with
estimated radiative forcing. The PAGES2k Oceans2k High
Resolution (HR) reconstruction of tropical sea surface
temperatures shows cooling of the western Pacific and
Indian Ocean in response to well-dated tropical eruptions
since 1600 CE but no statistically significant response in
the eastern tropical Pacific, suggesting a reduction in the
tropical Pacific temperature gradient but not a canonical
El Nino pattern. Climate models simulate an overall larger
cooling in the western Pacific and Indian Ocean than the
reconstructions and produce a variety of anomalies in the
eastern Pacific. Our results here provide a new
benchmark comparing proxy reconstructions and model
simulations and may help identify possible sources of
disagreement.

ID: 01779, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Holocene Paleoenvironmental Change in the Sierra
Nevada, Southern Spain

R. Scott Andersonl, Gonzalo Jiménez—Morenoz, Antonio
Garcia-Alix’, Francisco Jiménez Espejoa, Jaime Toney”,
Maria Ramos-Roménz, Jose Carric’ms, Carmen Pérez-
Martinez® , Maria Hernandez-Corbalan’ 1) School of Earth
Sciences & Environmental Sustainability, Northern
Arizona University, USA 2) Departamento de Estratigrafia
y Paleontologia, Universidad de Granada, Espafia 3)
Department of Earth and Planetary Sciences, Nagoya
University, Japan 4) Geographical & Earth Sciences,
University of Glasgow, UK 5) Departamento de Biologia
Vegetal, Universidad de Murcia, Espafia 6) Departamento
de Ecologia, Universidad de Granada, Espafia *R.
Scott Anderson, Scott.Anderson@nau.edu

The Sierra Nevada region of southern Spain has a rich
biological and cultural heritage. Recent
paleoenvironmental research in the range includes
sedimentary records from several high elevation lakes
and bogs, spanning an elevational range of ca. 2500 m to
over 3000 m elevation. Common research themes have
centered around (1) the impact of climate change and
human land use on the fragile alpine ecosystems, as well
as (2) the record of more regional human impact on
lower elevation landscapes surrounding the mountain
range.

The longest (~ 11,500-yr) record comes from the 3020 m
asl Laguna de Rio Seco (LdRS), where paleobotanical,
isotope geochemical and organic biomarker data suggest
wet conditions prior to ~ 7.8 ka, and much drier climates
after ~ 5.7 ka. These changes are confirmed from
additional sites in the range. Progressive aridification of
the mid- through late Holocene was periodically
interrupted by wetter conditions, such as the widespread
Roman Humid Period.
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Signals of human activity within the region and locally
within the range are evident in the cores. For example,
increases in Pb in sediment occurs during the Early
Bronze Age, ~ 3.9 ka. Regionally, increases in charcoal
deposition ~ 4.0 ka may result from these activities, rising
population levels with changing land-use, or climatic
factors. Increasing Olea pollen after ~ 3.0 ka may signify
the beginnings of olive cultivation at lowland sites, with
major expansion of olive orchards during the 20"
century. The periodic Holocene occurrence of the dung
fungus, Sporormiella becomes more consistent after ~ 3.0
ka suggest more intensive pasturing. Though Pinus
dominated during the early Holocene, it largely
disappeared in the pollen record at about this time,
suggesting widespread tree-cutting. Only with the
establishment of Pinus plantations during 20" century
does pine return to importance there.

ID: 01608, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

400 years of summer hydroclimate from stable isotopes
in Iberian trees

Laia Andreu Hayles1 , Caroline C. Ummenhofer’ , Mariano
Barriendosa, Gerhard H. Schleser4, Gerhard HeIIeS,
Markus Leuenbergere, Emilia Gutiérrez7, Edward R.
Cook’ 1) Tree-Ring Laboratory, Lamont-Doherty Earth
Observatory of Columbia University, Palisades, NY, USA.
2) Department of Physical Oceanography, Woods Hole
Oceanographic Institution, Woods Hole, MA, USA. 3)
Department of History and Archaeology, University of
Barcelona, Barcelona, Spain 4) Climate Dynamics and
Landscape Evolution, German Centre for Geosciences,
Potsdam, Germany. 5) Research Center Juelich, Institute
of Bio-and Geosciences, Agrosphere (IBG-3); Juelich,
Germany. 6) Climate and Environmental Physics,
University of Bern, Switzerland. 7) Department of
Ecology, University of Barcelona, Spain. * Laia Andreu
Hayles, lah@ldeo.columbia.edu

Tree rings are natural archives that annually record
distinct types of past climate variability depending on the
parameters measured. Here, we use ring-width and
stable isotopes in cellulose of trees from the
northwestern Iberian Peninsula (IP) to wunderstand
regional summer hydroclimate over the last 400 years
and the associated atmospheric patterns. Correlations
between tree rings and climate data demonstrate that
isotope signatures in the targeted lberian pine forests are
very sensitive to water availability during the summer
period, and are mainly controlled by stomatal
conductance. Non-linear methods based on extreme
events analysis allow for capturing distinct seasonal
climatic variability recorded by tree-ring parameters and
asymmetric signals of the associated atmospheric
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features. Moreover, years with extreme high (low) values
in the tree-ring records were characterised by coherent
large-scale atmospheric circulation patterns with reduced
(enhanced) moisture transport onto the northwestern IP.
These analyses of extremes revealed that high/low proxy
values do not necessarily correspond to mirror images in
the atmospheric anomaly patterns, suggesting different
drivers of these patterns and the corresponding signature
recorded in the proxies. Regional hydroclimate features
across the broader IP and western Europe during
extreme wet/dry summers detected by the northwestern
IP trees compare favourably to an independent
multicentury sea level pressure and drought
reconstruction for Europe. Historical records also validate
our findings that attribute non-linear moisture signals
recorded by extreme tree-ring values to distinct large-
scale atmospheric patterns and allow for 400-yr
reconstructions of the frequency of occurrence of
extreme conditions in summer hydroclimate. We will
discuss how the results for Lillo compare with other
records.

ID: 01607, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Vegetation dynamics and hydrological response to
Holocene climate variability in the Iberian Range: a
synthesis from lacustrine and tufa records

Josu Aranbarril, Penélope Gonzdalez-Sampériz 2, Blas
VaIero-Garcész, Ana Morenoz, Carlos Sancho3, Graciela
GiI-RomeraZ, Miguel Bartoloméz, Marta AIcoIea4, \VE
José Gonzalez-Amuchastegui 1, Concha Arenas3, Maria
Leunda’, Donatella Magri5 1) Department of Geography,
Prehistory and Archaeology, University of Basque Country
2) Department of Geoenvironmental Processes and
Global Change, Pyrenean Institute of Ecology-CSIC 3)
Department of Earth Sciences, University of Zaragoza 4)
Department of Antiquity Sciences, University of Zaragoza
5) Department of Environmental Biology, Sapienza
University of Rome

* Josu Aranbarri, aranbarri.josu@gmail.com

The increase in chronologically well-constrained,
palynological, sedimentological and geomorphological
sequences obtained from lacustrine and fluvial tufa
records along the Iberian Range (NE Spain) has allowed to
drawn the vegetation dynamics and the hydrological
variability during the Holocene. Overall, three main
phases of environmental change can be established. 1)
The early Holocene, chronologically comprising 11.700-
8200 cal yr BP, is defined as a landscape dominated by
montane pinewoods (e.g., Pinus sylvestris/nigra type)
and steppe communities (e.g., Artemisia, Compositae,
Chenopodiaceae), suggesting a harsh continental climate
background. Palaeohydrological proxies reveal low water-
stands till 9500 cal yr BP. 2) The most humid phase during
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the Holocene occurred between ca. 8200-5000 cal yr BP
and was characterized by the maximum spread of
broadleaved elements (e.g., Betula, Corylus, Quercus
faginea type), the expansion of a Mediterranean
woodland with evergreen Quercus as dominant forest
communities and more frequent periods of higher lake
levels, resulting in the maximum frequency of tufa
deposition at regional-scale. 3) The return of montane
pinewoods synchronous to the depletion of broadleaved
trees and the decline of tufa growing characterize the
mid-late Holocene transition (ca. 5000 cal yr BP). This
transition was most likely a consequence of increasing
aridity that continued during the late Holocene. Human-
pressure is practicably negligible until Roman-times when
a rapid region-wide deforestation and the spread of
agriculture occurred.

ID: 01363,01.- Open Session on past global changes,
(Oral)

Mean ocean temperature evolution in the past 40,000
years from ice core noble gas thermometry

Daniel Baggenstos', Marcel Haeberli', Thomas
KeIIerhaIsl, Jochen Schmittl, Hubertus Fischer® 1)
Climate and Environmental Physics & Oeschger Center
for Climate Research, University of Bern
* Daniel Baggenstos, baggenstos@climate.unibe.chThe

amount of heat stored in the ocean is the most robust
measure of the integrated energy imbalance of the Earth
that accompanies glacial-interglacial climate swings. For
the current anthropogenic warming, more than 90% of
the excess heat stored by the Earth over the last 50 years
is found in the ocean.The history of ocean heat content is
thus a central parameter in the reconstruction of global
climate forcing and response. Local deep water
temperature has been reconstructed using sediment
cores, but a truly global signal is difficult to synthesize.
The novel method of ice core noble gas thermometry
allows us to reconstruct global mean ocean temperature
(GMOT) based on simple physics. Because noble gases
are passively cycled through the atmosphere/ocean
system, and because each gas species has a specific
temperature dependent solubility, noble gas ratios in the
atmosphere represent a direct, physical proxy for GMOT.
After correcting for fractionation effects that happened in
the firn column prior to the air getting trapped in the ice
matrix, measurements of noble gas elemental ratios in
ice cores can thus be used to estimate past GMOT.We
present a record of GMOT obtained from EDC ice core
samples spanning the last 40,000 years in roughly 1,000
year resolution, highlighting the warming during the
deglacial transition. The Last Glacial Maximum GMOT is
estimated to 2.6°C colder than present, in good
agreement with sediment core oxygen isotope and pore
water fluid reconstructions. The early Holocene was
slightly warmer than present by approximately 0.5°C. The
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GMOT record shows a remarkable correlation with
Antarctic temperature, suggesting that the Southern
Ocean is an important driver of temperature change in
the deep ocean.

ID: 02235, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction

Paleoflood Data and Increasing Flood Extremes

Victor Baker 1) Dept. of Hydrology and Atmospheric
Sciences, The University of Arizona
* Victor Baker, baker@email.arizona.edu

The recent, large number of extreme flooding disasters
raises questions about the possible role of climatic
change. In many cases recent flood extreme magnitudes
exceed decadal-scale stream gaging and century-scale
historical records. Scientific understanding of extreme
flooding absolutely demands real-world data on actual
extreme flood events, but this type of data is not
provided by either the flood-frequency analysis (FFA) or
the mathematical modeling methods (MMM) that totally
dominate conventional hydrological science/engineering
practice. FFA methods unrealistically extrapolate from
small, common floods to provide estimates for unknown,
causally unrelated extremes; and MMM cannot create
real-world data on the most extreme flooding. It thus
follows that truly scientific flood hydrology must pay
close attention both to those very rare cases when flood
extremes happen and to the existing, very extensive
wealth of natural evidence of flood extremes that
actually have happened. Paleoflood hydrology provides
real-world data on past flood extremes on the millennial
time scales that insure representation of the most
extreme flooding phenomena. Though miniscule
resources have been devoted to this type of flood
hydrological science (in comparison what is devoted to
conventional FFA and MMM), a survey of existing global
paleoflood data, collected by the world’s relatively small
cadre of dedicated paleoflood hydrologists, suggests the
following preliminary conclusions: (1) recent extreme
flood magnitudes are NOT “unprecedented” -- similar
extreme flood magnitudes appear in sufficiently long
paleoflood records; (2) flood information from the deep
past is NOT made irrelevant because of “nonstionarity” in
regard to future changes (it is FFA that needs to change,
NOT nature); and (3) while future climate change may
result in different levels of flood intensity and frequency
in particular catchments, these will most probably result
from shifts in storm tracks or patterns, evidence for
which can only be found in the long-term records of the
past.

ID: 02167, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)
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Prevailing pacing of subantarctic glaciers by Southern
Hemisphere Westerlies

Jostein Bakkel, Oyvind Paaschez, Joerg SchaeferS, Axel
Timmermann® 1) Department of Earth science and
Bjerknes Centre for Climate Research, University of
Bergen, Norway 2) Bjerknes Centre for Climate Research,
Univeristy of Bergen, Norway 3) Lamont-Doherty Earth
Observatory (LDEO), USA 4) Department of Earth Physics,
Univeristy of Honolulu, Hawai, USA

* Jostein Bakke, Jostein.Bakke@uib.no

The accelerated loss of ice mass on the Antarctic
Peninsula during the last 50 years have demonstrated
that subantarctic glaciers in the Circumpolar Fringe Zone
(CFZ, 65-55°S) not only are sensitive to climate change
but responsive on a regional scale. Examining such
variability on longer time scales has previously been
difficult to assess because most records are scant and
discontinuous. Here, we report with unprecedented
accuracy and resolution how three cirque- and tidewater
glaciers on South Georgia (SG, 54°S, 36°W) have
interacted with changing climate condition during the last
14.5k years. Detailed analyses of lake- and catchment
sediments combined with cosmogenic nuclide dating of
multiple moraines enable us to track continuous glacier
activity on centennial to multi-decadal time scales. We
specifically demonstrate that glacier fluctuations on
South Georgia covary with the Antarctic Peninsula and
with Patagonia during the time interval in question, but
with notable exceptions. We forward the idea that
irregular, but consistent shifts in the Southern
Hemisphere Westerlies drive the observed regional
pattern of glacier vacillations. Data presented here shows
how the Antarctic Cold Reversal (ACR, 14.5k-12.5k years
ago) concurs with one of the largest known glacier
advances on South Georgia, and also considerable
changes in the ENSO. From 10.5k to 7k years ago glaciers
were relative large on South Georgia compared to being
small or absent in Patagonia, a period with a quiescent El
Nifio. A rejuvenation of glaciers starts around 4000 years
ago with repeated glacier advances/retreats. This climatic
mode prevails until present when glaciers start to
disappear for the first time during the last 14.5k years.

ID: 01895, 01.- Open Session on past global changes,
(Oral)

British-Irish ice sheet sustained by weaker Atlantic
Meridional Overturning Circulation

Pepijn Bakkerl, Matthias Prangel, Irina Rogozhinal,
Michal Kuceral, André Paull, Michael Schulzl, Julien
Seguinot2 1) MARUM - Center for Marine Environmental
Sciences, University of Bremen, Bremen, Germany 2)
Laboratory of Hydraulics, Hydrology and Glaciology, ETH
Zirich, Zirich, Switzerland
* Pepijn Bakker, pbakker@marum.de
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The strength of the Atlantic meridional overturning
circulation during the Last Glacial Maximum remains a
topic of considerable debate. Was the overturning
stronger or weaker than today? Reconstructions and
simulations of the Last Glacial Maximum climate, the
overturning strength and North Atlantic oceanic heat
transport are thus far inconclusive. We provide new, ice-
sheet-based evidence supporting reduced oceanic heat
transport into the North Atlantic region.

The British-Irish Ice Sheet was situated in a region that is
critically sensitive to a poleward oceanic heat transport in
the North Atlantic. We use the result of multiple global
climate simulations of the Last Glacial Maximum at ~1°-
resolution featuring different states of the overturning
circulation. The resulting North Atlantic climate
conditions are validated against paleoclimatic
reconstructions and used to force ice-sheet simulations
using PISM. The results show that a weakened Last
Glacial Maximum overturning circulation is in agreement
with extensive ice sheet cover over the British-Irish Isles
as inferred from geological evidence. Our inference is
therefore consistent with paleoceanographic
reconstructions, which suggest a weakened overturning
circulation during the LGM.

ID: 01726, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction

Coping with extreme events: the past flood history of
Kashmir

Juan Antonio Ballesteros-Canovas 1, Tasadug Hussain
Koul 3, Sebastien Guillet 2, Hussain Alamgir Shabir3,
Bashir Shah Mutayib 3 , Markus Stoffel ! 1) University of
Geneva, Institute of Environmental Sciences, Switzerland
2) Dendrolab.ch, Department of Earth Sciences,
University of Geneva, Geneva, Switzerland, 3) Irrigation
and Flood Control Department of Kashmir, Srinagar, India
* Juan Antonio Ballesteros
Canovas, juan.ballesteros@dendrolab.ch

The recent extreme floods which took place in Kashmir
valley in September 2014, March and September 2015,
have revealed its high vulnerability to hydrological
hazards. The bowl shaped topography of the valley,
intense land-use changes and unfavourable climatic
conditions are specific factors which are calling for the
implementation for suitable adaptation strategies, aimed
at increasing the resilience of the population of this
region. This communication focuses on the analysis of
past flood histories in Kashmir so as to contextualize the
recent flood disasters in a long-term perspective and to
contribute with a better understanding of this process in
this geographical context. We apply a multiproxy
approach based on historical archives, tree-ring records
and a compilation of all existing flow measurements to
better understand past floods variability in the valley of
Kashmir. Historical sources include old records from
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archives of the Irrigation and Flood Control Department
of Jammu-Kashmir and describe flood events which have
taken place at Jhelum River. We also collected old
pictures and other documents about the river system,
extending back to British period (since mid-19" to mid-
20" century), including information about water levels.
Tree-ring records have been moreover used at the
headwater catchment, as historical records used to be
concentrated to the valley bottoms. Finally, more than
forty flow gauge stations with records since mid-20™
century have been analysed. We show that the entire
Kashmir valley has severely suffered past flood events
affecting the population and surroundings crops and
triggering socio-economical changes in the region. The
reconstructed flood dataset is one of the most complete
flood records in the region, and provides information
about the different trigger mechanism of extreme flood
events. This information is relevant to understand flood
variability, but also to improve the risk perception of
different actors involved in Disaster Risk Management in
this region.

ID: 01547, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Can ice sheets regrow during an interglacial?

Natasha Barlow , Erin McCIymont2 , Pippa Whitehouse’ ,
Chris Stokesz, Stewart Jamieson’ , Mike Bentley2 , Louise
CaIIardZ, David Evansz, Jenny Horrocksz, Jerry Londz,
Antony Long2 , Martin Margold3 1) University of Leeds 2)
Durham University 3) Stockholm University
* Natasha Barlow, n.l.m.barlow@leeds.ac.uk

Within the last interglacial, one or more oscillations in
mean sea level are identified at a number of sites, which
potentially implies both ice sheet growth and decay
within a climate which was warmer than today. A number
of studies have sought to understand the mechanisms
required for rapid ice sheet collapse during the
interglacial, however few consider that a precursor to
these high rates of sea-level rise is often a preceding
phase of sea-level fall. We review the evidence for
plausible mechanisms of ice-sheet growth within the last
interglacial, and assess the most likely ice mass(es) which
could be responsible. Due to the very limited extent, or
absence, of most ice masses outside Greenland and
Antarctica during the last interglacial, the polar ice sheets
are the prime candidates to drive ice-mass oscillations,
but there is a scarcity of geomorphological evidence. We
also explore additional mechanisms, and show that solid
earth deformation is potentially able to account for the
presence of multiple sea-level highstands (though not the
maximum rates of change). Thus, significant ocean
warming, climatic changes and/or Antarctic collapse may
not be required to fit the fluctuating sea-level data,
suggesting relative ice-sheet stability during the Last
Interglacial.
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ID: 02001, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

Historical reconstructions of El Nifno Southern

Oscillation using data from ships’ logbooks

Hannah Barrett', Julie Jones®, Grant Bigg1 1) Department
of  Geography, University  of  Sheffield, UK
* Hannah Barrett, hbarrett2 @sheffield.ac.uk

The meteorological information found within ships’
logbooks is a unique, hand-written source of data for
historical climatology. This study uses wind observations
from logbooks covering the period 1815 to 1854 to
reconstruct an index of El Nifio Southern Oscillation
(ENSO) for boreal winter (DJF). The logbook data are
obtained from the Climatological Database for the
World\'s Oceans (CLIWOC) and a collection of digitised
English East India Company (EEIC) records, both of which
contain  observations from the pre-instrumental
era. Statistically-based reconstructions of the Southern
Oscillation Index (SOI) are obtained using two methods:
Principal Component Regression (PCR) and Composite-
Plus-Scale (CPS). Calibration and validation are carried
out over the modern period 1979-2014, assessing the
relationship between re-gridded seasonal ERA-Interim
reanalysis wind data and the instrumental SOIl. The
reconstruction skill of both the PCR and CPS methods is
found to be high with Reduction of Error skill scores of
0.80 and 0.75, respectively. The relationships derived
during the fitting period are then applied to the logbook
wind data to reconstruct the historical SOI. The logbook
reconstructions are found to agree well with a previous
SOl reconstructed from Jakarta rain day counts, 1830-
1850. They provide an indication of the behaviour of
ENSO during this pre-instrumental period which helps to
improve our understanding of ENSO.

ID: 01345, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Persistent millennial-scale cirque-glacier fluctuations in
Ireland between 24,000 and 10,000 years ago

Aaron Barthl, Peter Clarkz, Jorie CIarkZ, Shaun
Marcottl, Marshall McCabeS, Joshua Cuzzone4, Paul
Dunlop3, Marc Caffee’ 1) Department of Geosciences,
University of Wisconsin - Madison, Madison, WI 53706
USA 2) College of Earth, Ocean, & Atmospheric Sciences,
Oregon State University, Corvallis, OR 97331 USA 3)
School of Geography and Environmental Sciences,
University of Ulster, Coleraine, Northern Ireland BT52
1SA, UK 4) NASA Jet Propulsion Laboratory, California
Institute of Technology, Pasadena, CA 91109 USA 5)
Department of Physics and Astronomy, Purdue
University, @ West  Lafayette, IN 47907 USA
* Aaron Barth, abarth2@wisc.edu



ABSTRACT BOOK

The abrupt climate changes of the last deglaciation are
commonly associated with changes in the Atlantic
meridional  overturning circulation (AMOC) and
associated changes in ocean heat transport. Because of
its location immediately adjacent to, and downwind of,
the North Atlantic Ocean, glacial records from Ireland are
strategically located to monitor the full climatic effects of
abrupt changes in the AMOC. Given their short response
times, former Irish cirque glaciers provide a robust record
of such climate variability, but dating their fluctuations
remains poorly constrained. Here we report %8¢ ages on
Irish cirque moraines that show a persistent millennial-
scale signal throughout the interval from 24.5+2.1 ka to
10.8#1.0 ka. Many of our new moraine ages are
associated with known climatic events driven by changes
in the AMOC, suggesting a forced response. Additionally,
our ages also show that a millennial-scale signal persists
during the interval from ~21 to 15 ka when both AMOC
and surface air temperatures are thought to be stable.
This signal is consistent with modeling results that
identify  kilometer-scale  glacier  fluctuations on
centennial-to-millennial timescales solely in response to
high-frequency natural variability. These results
demonstrate that on an individual glacier basis internal
climate variability has an effective control on glacier
length fluctuations and thus the moraine record. Yet, if
we only consider the individual cirque basins, internal
stochastic noise masks any aspect of the climate signal.
To address this we ran Monte Carlo simulations of
equilibrium line altitude (ELA) changes for each of the 15
moraines. When considered as a composite record the
ELA changes exhibit a response to CO, increase ~17-18
ka. Thus, our new "°Be deglacial chronology records high-
frequency glacier fluctuations driven by natural internal
variability overprinted on a lower-frequency climate
response to increasing CO,.

ID: 01635, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

The flagellants, the volcano and malign weather
conditions of the 1250s

Martin Bauch® 1) Technische Universitdt Darmstadt
* Martin Bauch, bauch@pg.tu-darmstadt.de

The 1257 CE eruption of the Indonesian volcano Samalas
and its impact on global climate has been discussed
intensively by scientists since the source of the so called
,mystery eruption‘ was discovered in 2013. But a
historical perspective on its putative socio-economic
consequences is still missing. The paper will demonstrate,
mainly based on documentary data from Europe, that the
phase of meteorological extreme events in the second
half of the 1250s can’t be simply synchronized with the
Samalas eruption. Actually, years of considerable
meteorological stress started as early as 1256, while the
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volcanic dustveil undoubtedly increased this pressure in
1258/59 CE. Furthermore, the paper will look at the
potential reactions of afflicted communities, taking
advantage of the particular detailed administrative and
fiscal sources available for Italian city-states like Bologna,
Siena and Perugia: Even if the economic pressure
resulting from failed harvests is less apocalyptic than
hitherto portrayed, we can find detailed practical, legal
and fiscal reactions to dearth and famine provoked by
malign weather conditions during the second half of the
1250s. The Italian case study explains why the economic
downturn and the rise of grain prices didn’t result in
widespread starving of thousands of people: Hence, it
underlines the importance of cultural preconditions to
the vulnerabilty of societies to environmental shocks. But
the origins of one of the most remarkable religious
movements of the European Middle Ages, the flagellants
that appeared first in Perugia in 1260 CE, can be
connected to a very specific situation created by
environmental factors since 1256 CE. This religious
practice spread all over Italy within months, while it
crossed the Alps in the following year. As these penitents
have undoubtedly multiple intellectual sources, each of
the flagellant’s reappearences till the middle of the 14th
century happen during periods of climatic stress.

ID: 02058, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Abrupt climate change events and atmospheric CO2:
constraints from ice core 813C-CO2 during the last
glacial period

Thomas Bauskal, Edward Brookz, Shaun Marcott3,
Daniel Baggenstos’, Sarah Shackleton®, leffrey
Severinghauss, Vasilii Petrenko® 1) Department of Earth
Sciences, Univeristy of Cambridge, Cambridge, United
Kingdom 2) College of Earth, Ocean, and Atmospheric
Sciences, Oregon State University, Corvallis, OR, USA 3)
Department of Geoscience, University of Wisconsin-
Madison, Madison, WI, USA 4) University of Bern, Climate
and Environmental Physics, Physics Institute, Bern,
Switzerland 5) Scripps Institution of Oceanography,
University of California, San Diego, La Jolla, CA, USA. 6)
Department of Earth and Environmental Sciences,
University of Rochester, Rochester, NY, USA
* Thomas Bauska, tkb28@cam.ac.uk

Changes in atmospheric CO, on millennial and centennial
timescales during the last glacial period and last
deglaciation are key yet poorly understood components
of past climate variability. Here we present the first high-
precision (~0.02%o) and high-resolution (~200yr) record
of the stable carbon isotopes of atmospheric CO, from an
interval during the last glacial period. The new
reconstruction spans 47,000 to 35,000 years before
present, capturing multiple DO events and Heinrich Event
4,
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The strongest mode of variability in atmospheric CO,,
associated with the rising and falling with Antarctic
temperature, is accompanied by inversely correlated
changes in 613C-COZ. Atmospheric CO, ranges between
195 to 215 ppm and 8"c-co, spans -6.45 to -6.65%o, with
a -0.1%0 change for every +10 ppm. The data thus
suggest that the millennial-scale CO, variations are driven
largely by changes in carbon reservoirs depleted in
Bc. Broadly, the data are consistent with model
experiments and data that suggest millennial-scale CO, is
controlled by changes in ocean ventilation and/or export
production.

Two additional modes of centennial-scale CO, variability,
distinguished by carbon isotope signatures, are
associated with DO events and Heinrich Stadials. Similar
styles of variability were recently described for the last
deglaciation (Bauska et al., 2016), suggesting that drivers
of both last glacial period and deglacial CO, are intimately
linked to abrupt climate variability.

Bauska, T.K.,, Baggenstos, D., Brook, E.J., Mix, A.C,
Marcott, S.A., Petrenko, V.V., Schaefer, H., Severinghaus,
J.P., and Lee, J.E. Carbon isotopes characterize rapid
changes in atmospheric carbon dioxide during the last
deglaciation. Proceedings of the National Academy of
Sciences, 113(13), 3465-3470 (2016).

ID: 01478,22.- Understanding past variations in
atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Oral)

Shift in the glacial interglacial methane budget from
dual isotope records

Jonas Beckl, Michael Bockl, Jochen Schmittl, Barbara
Seth', Jéréme Chappellaz2 , Hubertus Fischer' 1) Climate
and Environmental Physics and Oeschger Center for
Climate Change Research, University of Bern, Switzelrand
2) Univ. Grenobles Alpes, LGGE, F-38000 Grenoble,
France, and CNRS, LGGE, F-38000 Grenoble, France
* Jonas Beck, beck@climate.unibe.ch

Atmospheric methane records as reconstructed from
polar ice cores allow a view on processes predominantly
taking place in the terrestrial biogeosphere. In this study
we present dual stable isotope constraints on the past
natural methane sources derived from Antarctic ice cores
which help to deepen our understanding. For the current
and two older interglacials and their antecedent glacial
maxima we show that tropical wetlands and seasonally
inundated floodplains are most likely the dominating
sources of atmospheric methane, steered by
temperature and humidity as modulated by insolation,
(local) sea level and monsoon intensity. The latter is also
revealed on the basis of substantial 613CH4 signals in the
course of interglacials. Based on our new &D(CH,)
constraint, geologic emissions of methane may play a
steady but minor role, and the glacial budget is certainly
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not dominated by these sources. Superimposed on the
glacial/interglacial variations we found a marked
difference in both isotope records with systematically
higher values during the last 25,000 years compared to
older time periods. This shift cannot be explained with
climatic changes. Rather we invoke a change in fire
regimes possibly due to accumulation of fuel and biome
changes related to the late Pleistocene megafauna
extinction which took place in the course of the last
glacial.

ID: 01563, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Climate and fire-mediated terrestrial-aquatic ecosystem
teleconnections: a case study from temperate Tasmania

Kristen Beckl, Michael-Shawn FIetcherl, Patricia Gaddz,
Henk Heijnisz, Krystyna Saunders’ 1) University of
Melbourne 2) Australian Nuclear Science and Technology
Organisation

* Kristen Beck, beckk@student.unimelb.edu.au

Fire is a powerful agent influencing cultural, ecosystem
and atmospheric change. This is particularly the case for
Australia, where fires have shaped the landscape. In
forested high rainfall temperate regions such as
Tasmania, fires are limited by climate. Thus, charcoal
produced by fire is an indicator for past climate change.
Whilst there is a range of literature that highlights the
importance of fire in the ecology of temperate Australia,
there is critical lack of understanding of how aquatic
ecosystems respond to changes in fire activity. Indeed,
records of long-term aquatic ecosystem dynamics are
scarce in the Southern Hemisphere and there is a need
for the development of coupled terrestrial-aquatic
ecosystem dynamics if we are to predict, mitigate and
adapt to future global environmental change. Our
research intends to better understand the relationships
between terrestrial and aquatic ecosystem change in a
climate sensitive environment. We employ a multi-proxy
approach — radiometric dating, charcoal analysis, XRF
geochemistry, pollen and diatoms — to reconstruct
climate and fire-driven terrestrial and aquatic ecosystem
change over the last 18,000 years at Lake Vera,
southwest Tasmania. Lake Vera is unique for Tasmania,
having remained fire-free from ca. 10-2.4 ka. However,
substantial vegetation change occurred during this fire-
free period, revealing a close coupling between climatic
change and rainforest community dynamics. A series of
fires after ca. 2.4 ka substantially altered the catchment
vegetation, facilitating the invasion of fire-promoting
plant species (e.g. Eucalyptus). Critically, our data reveals
a dynamic aquatic ecosystem response to both lake
ontogeny (acidification) and fire-driven catchment
dynamics (erosion and vegetation change). Repeated
fires drove an increase in nutrient and disturbance
tolerant taxa until a critical threshold was crossed and a
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new diatom community state emerged. Importantly, this
aquatic transition precedes the vegetation transition. We
discuss the implications of these findings in terms of
resilience and terrestrial-aquatic ecosystem interactions.

ID: 01893, 16.- reconstruction of

paleofloods, (Oral)

Multidisciplinary

Glacial lake outburst floods in the Northern Patagonian
icefield during the Holocene

Gerardo Benito®, Varyl R. Thorndycraftz, Alicia
Medialdea3, Carlos Sancho4, Alejandro Dussaillants,
Maria J. Machado® , Xavier Rodriguez—LIoverasl 1) Museo
Nacional de Ciencias Naturales, CSIC Madrid, Spain 2)
Dept. of Geography, Royal Holloway University of
London, Egham, Surrey TW20 OEX, UK 3) Servicio de
Radioisotopos, CITIUS. Universidad de Sevilla, Spain 4)
Department of Earth Sciences, University of Zaragoza,
Spain 5) Centro de Investigacion en Ecosistemas de la
Patagonia, Coyhaique, Chile

* Gerardo Benito, benito@mncn.csic.es

The Baker River drains a catchment of 27,000 km? and
has an annual discharge of 1100 m>s™. Since late-glacial
deglaciation, the morphosedimentology of the Baker
valley has been controlled by different scales of Glacial
Lake Outburst Floods (GLOFs). Here we aim to
reconstruct the frequency, timing and magnitude of
Holocene GLOFs. We apply geomorphic mapping,
stratigraphy, radiocarbon and OSL dating, and
palaeoflood hydrology to reconstruct these events.
Downstream of the Baker-Nef junction, slackwater flood
deposits from three sedimentary benches at elevations of
23.5, 16.5 and 14 m above normal water level. The upper
bench contains 28 flood units dated between 4.3 £ 0.3 ka
(OSL age) to 2544 + 34 BP (uncalibrated age), post-dating
a neoglacial advance dated to 4.96 + 0.21 ka. The lower
bench is comprised of 30 flood units, dated between
2115-700 BP (uncalibrated ages), in a sequence with up
to six buried soils, indicative of alternating flood-poor and
flood-rich periods. The peak discharges matching the
elevation of the upper bench is 10,300 mas’l, whereas the
lower bench is associated with a discharge of 5500 m’s™.
Downstream of the Baker-Colonia junction, geomorphic
mapping reveals evidence of two Holocene alluvial
terraces. The oldest (highest) Holocene alluvial level
contains basal gravels capped by a well-developed buried
Podzolic Luvisol that was radiocarbon dated to 6160 * 40
BP. In this alluvial sequence, at least two major floods
occurred between then and 5300 BP and at least eight
events between 5300-2500 BP, potentially overlapping
the 4.96 ka neoglacial. Dating and hydraulic modelling
indicate that at least three Late Holocene (post 61030
BP) GLOF event(s), potentially related to the Little Ice Age
readvance. None of the recent 16 floods (2008-2014)
from Lago Cachet Il (3000-4500 m’s™) were recorded in
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the upper floodplain, which required a threshold
discharge of 4500-5000 m>s™ to flood.

ID: 02244, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Deglacial sea-surface temperature change and rapid
response along the western margin of the northern and
southern Cordilleran ice sheet

Heather Bervid', Anders Carlson®, Ingrid Hendyz,
Maureen Walczakl, Joseph Stoner' 1) Oregon State
University 2) University of Michigan

* Heather Bervid, bervidh@oregonstate.edu

It is likely that sea surface temperatures played a
significant role in Cordilleran ice sheet response to
climate change. The relationship between the Cordilleran
ice sheet and regional sea surface temperature (SST)
change can be determined over the last deglaciation by
detailed examination of ice-proximal marine sediments
near Alaska and British Columbia (BC). Marine sediment
core EWO0408-85JC (59.56°N, -144.15°W; 682 m water
depth) contains sediments discharged by the southeast
Alaskan glacial margin along the northern Cordilleran ice
sheet. Ten degrees of latitude to the south, marine
sediment core MD02-2496 (48.98°N, -127.04°W; 1243 m
water depth) records a southern Cordilleran ice sheet
signal, which contains sediments discharged from the
Puget Lobe and southeast British Columbia glacial
margin. Previously published alkenone and Mg/Ca SST
paleoceanographic data from these cores imply
pronounced warming at the onset of the onset of the
Bglling warm period and cooling during the Younger
Dryas cold event, suggesting a uniform climate forcing
across the western margin of the Cordilleran ice sheet.
Recent research efforts using sediment discharge tracers,
such as Ca/K and Ca/Sr, present a terrestrial sediment
signal indicating glacier response during periods of
significant SST change. Our data show concurrent rapid
response of the northern and southern ice sheet to these
intervals of abrupt climate change.

ID: 01312, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Controls on the evolution of the North American
Monsoon since the Last Glacial Maximum

Tripti Bhattacharyal, Jessica Tierneyl, Pedro DiNezio® 1)
University of Arizona, Department of Geosciences 2)
Institute for Geophysics, University of Texas Austin
* Tripti Bhattacharya, tripti@email.arizona.edu

Despite its importance to water resources in the US
Southwest and northwest Mexico, the fundamental
dynamics and long-term evolution of the North American
Monsoon (NAM) remain poorly understood. In part, this
is due to a lack of proxy records that specifically resolve
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summertime convection in the NAM region. We present
two new records of leaf wax stable isotopes (dD of n-
alkanoic acids) from the core of the NAM region to shed
light on the deglacial evolution of the NAM circulation.
Modern data from a suite of coretop samples suggests
that dD uniquely reflects the seasonality of rainfall in the
NAM region, potentially enabling reconstruction of past
monsoon rainfall changes. Our results show evidence of
monsoon reductions at the Last Glacial Maximum (LGM,
~18-21 ka BP), and an increase in summertime rainfall at
the mid-Holocene. We complement these proxy records
with analysis of transient and single-forcing GCM
simulations to shed light on the dynamics responsible for
the past evolution of the NAM.

ID: 01797, 18.- Human Impact on Global Aquatic Systems,
(Oral)

Cultural transformation of the Swedish boreal forest
over two millennia and its impact on lake-water quality

Richard Bindlerl, Carsten Meyer—Jacobl, Sofia Ninnesl,
Julie Tolu', Erik Myrstenerl, Johan Rydberg1 1) Dept. of
Ecology and Environmental Science, Umea University,
Sweden * Richard Bindler, richard.bindler@umu.se

Over the past few decades monitoring programs in N
Europe have recorded increasing surface-water organic
carbon (TOC) concentrations, which are hypothesized to
reflect a recovery from acidification and/or response to
climate warming. While monitoring programs are critical
for tracking ongoing environmental and climate changes,
and fundamental for assessing key processes, it can be
difficult to predict future responses to ongoing changes
from these data without understanding the inherent
natural reference conditions, previously imposed changes
and also underlying trajectories.

As shown previously in Sweden for lake acidification and
atmospheric pollution, there have been significant long-
term changes in lake-water TOC not only over the
monitoring period but also over centennial to millennial
timescales. Based on a suite of analytical tools
(geochemistry; pollen; diatoms; FTIRS; pyrolysis-GC/MS;
fecal biomarkers; VNIRS-inferred lake-water TOC and chl
a) applied to several boreal lake-sediment records, we
find significant changes in lake-water TOC during the
Holocene. As expected, with rapid landscape
development following deglaciation lake-water pH
declined and TOC increased along with the build up of C
and loss of exchangeable base cations in the landscape.
Thereafter, lake-water chemistry (pH, TOC) changed only
slightly over the next ~8000 years despite significant
natural long-term changes in climate (e.g. Holocene
Thermal Maximum) and forest vegetation (e.g. spruce
establishment).

However, 500-1000 years ago lake-water TOC levels
began an unprecedented decline by ~50%, which
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coincided with an increasing cultural transformation of
the boreal forest landscape in central and northern
Scandinavia, inferred from multiproxy evidence. Of
particular importance for remote areas was the
increasing use of summer forest farms, which included
grazing of livestock in the forest and haymaking on mires.
We hypothesize these activities reduced labile soil C
pools. Increasing levels of inferred lake-water TOC over
the past century and up to the present are now similar to
mid-Holocene, pre-disturbance values.

ID: 01676, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Antarctic Ice Sheet sensitivity to oceanic temperature
changes

Javier Blasco Navarrol, Jorge Alvarez SoIasl, Alexander
Robinsonl, Marisa Montoya1 1) Universidad
Complutense de Madrid * Javier Blasco

Navarro, jablasco@ucm.es

Different studies suggest that during the Eemian the
Antarctic Ice Sheet (AIS) has contributed to a sea-level
rise up to 5 meters, predominantly caused by the West
Antarctic Ice Sheet (WAIS). The reason why the WAIS is
the main contributor to this growth instead of the East
Antarctic Ice Sheet (EAIS), which has more ice content, is
due to oceanic warming. The AIS is barely subject to
ablation but the WAIS lies in its major part below sea
level, hence it is specially sensitive to oceanic
temperature changes. Additionally it contains the two
largest ice shelves of the world, whose collapse could
trigger an acceleration of the ice streams and enhance
sea-level rise, therefore understanding the interactions
between ice and ocean seems the key factor to clarify
changes in ice volume during the last glacial cycles,
nevertheless those interactions are poorly understood.
Here we will present a new hybrid thermo-mechanical ice
sheet model capable of simulating in separate ways the
slow moving grounded ice and the fast moving ice
streams and ice shelves. The model includes a basal
melting parametrization, for ice shelves and grounding
line, dependent on present-day observed basal melting
rates and computed oceanic temperature anomalies with
respect to present. Our simulations will constrain
possible values for the wused basal melting
parametrization and enlighten our understanding of the
AIS evolution.

ID: 01582, 01.- Open Session on past global changes,
(Oral)

Testing the analog method for reconstructing climate
over the last 15000 years

Oliver Bothe' 1) Helmholtz-Zentrum Geesthacht, Institute
of Coastal Research
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* Oliver Bothe Bothe, oliver.bothe@gmail.com

Our understanding of past climates relies on climate
reconstructions based on palaeo-observations and
simulations with Earth-System-Models. Both sources
provide information with different characteristics and
uncertainties. Confidence in our understanding requires
reconciling both sources of data. Ideally we can combine
both types of information in inferences about past
climates. For example a number of current initiatives try
to combine proxies and simulations via data-assimilation-
techniques.

The analog method is a computationally cheap means of
constraining simulation data by palaeo-observations.
Recent applications of the method referred to its results
as "proxy surrogate reconstructions". They usually
concentrated on the Common Era of the last 2000 years.

In this presentation | show results of an application of the
analog method to reconstructing the climate over Europe
over the period from about 15ka BP to today. | discuss a
pseudo-proxy approach and a reconstruction based on a
previously published compilation of proxy records. The
pool of simulated analogs includes a variety of transient
and time-slice simulations over the last 21ka including
the TraCE-21ka simulation and parts of the PMIP3
simulation archive.

I highlight the problems arising. Among these are the
questions (i) how time- and proxy-uncertainty influence
what can be inferred about the past from the analog
method and (ii) how the requirement of a suitable and
large enough pool of analog-candidates influences the
result. 1 also show to what extent the analogs add
information about past climates beyond what one
directly learns from the proxies.

ID: 02251, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

The Greenland Ice-Core Tephra Record - insights into
Icelandic eruptive history between 25 and 50 ka BP.

Anna Bournel, Siwan Daviesz, Peter Abbotta, Anders
Svensson* 1) Geography and Environment, University of
Southampton, Southampton, UK 2) Department of
Geography, College of Science, Swansea University,
Swansea, UK 3) Institute of Geological Sciences,
University of Bern, Bern, Switzerland 4) Centre for Ice and
Climate, Niels Bohr Institute, University of Copenhagen,
Denmark * Anna Bourne, a.j.bourne@soton.ac.uk

The Greenland ice-core records provide a master record
of past climate changes through the last glacial period
and are also an excellent record of past volcanism with
both volcanic aerosol (ice acidity and sulphate records)
and tephra particulate matter (or glass shards) preserved
in the ice. However, only the volcanic glass shards allow
the geochemical identification of the volcanic source and

Zaragoza, Spain, 9-13 May 2017

22

PAGES —OSM 2017

their employment as isochronous marker horizons
between disparate archives. Over 300 tephra deposits
have been identified in NGRIP, NEEM and GRIP and
contribute towards the production of a Greenland tephra
framework that extends over the last 130ka. The
majority of deposits are preserved in cryptotephra form
and continuous sampling of the NGRIP ice-core between
25-50ka allows an initial assessment of volcanic
frequency during the last glacial period. A total of 88
individual volcanic events are recorded during this time
period. Basaltic composition tephras dominate the
records and indicate frequent eruptions from the
Grimsvotn, Katla and Kverkfjoll volcanoes in Iceland. An
assessment of the frequency of eruptions from different
volcanic centres will be made and links to any climatic
forcing discussed.

ID: 01621, 15.- The Holocene - its climate variability and
rapid transitions, (Invited Oral)

Exploring the Holocene with numerical experiments:
mean climate and climate variability in the tropics

Pascale Braconnot® 1) IPSL/Laboratoire des Sciences du
climat et de l'environnement, unité mixte CEA-CNRS-
uVvSsQ, Université Paris Saclay, Orme des Merisiers,
bat712, 91191 Gif sur Yvette cedex

*pascale.braconnot@Isce.ipsl.fr

Since the first phase of the paleoclimate modeling
intercomparison in 1991 the relative role of the
insolation forcing and of feedbacks from ocean,
vegetation or dust is at the forefront of scientific
qguestions. New questions concern also the linkages
between the long term Holocene trends and changes in
interannual variability that appears to be lower than
present over most of the Holocene. The presentation will
propose a rapid overview of PMIP mid-Holocene and
transient simulations with a focus on monsoon and ENSO.
It will highlight current successes and limitations in
climate experiments and new modeling possibilities that
justify the experiments proposed as part of the 4" phase
of PMIP, considering mid-Holocene snap shot
experiments for CMIP, as well as transient Holocene
simulations. A particular focus will be put on changes in
seasonality, considering how these changes in forcing and
feedbacks affect interhemispheric heat and moisture
fluxes, some of the teleconnections driving precipitation
variability in the west Pacific and monsoon regions, and
rapid changes.

ID: 01629, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Invited Oral)

Astronomical and CO2 controls on the interglacial
climates of the last 800,000 years
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Michel Crucifixl, Qiuzhen Yinl, André Berger1 1)
Université de Louvain, Earth and Life Institute, Belgium
* Michel Crucifix, michel.crucifix@uclouvain.be

The climate of nine interglacials of the past 800,000
years was simulated with both snapshot and transient
experiments using the models LOVECLIM and HadCM3.
These simulations allow to investigate the relative
contributions of insolation and CO2 to the intensity and
duration of each interglacial as well as the differences
between the interglacials at global and regional scales.
The transient simulations cover a full range of precession,
obliquity and eccentricity and we focused specifically on
the response of different climate variables at different
latitudes.

The results show that the relative contribution of
insolation and CO2 on the warmth intensity varies from
one interglacial to the next. CO2 controls the response of
global annual mean temperature, southern high latitude
temperature and sea ice, while the astronomical forcing
controls variations of monsoon precipitation, vegetation
and of the northern high latitude temperature and sea
ice.

The results also show that, compared to today, the past
interglacials are warmer during boreal summer and
cooler during boreal winter leading to a warmer annual
mean with varying length for different interglacials. The
warm interval of MIS-11 is the longest, confirming its long
duration as found in proxy records. The long duration of
MIS-11 is related to a particular combination of
eccentricity, obliquity and precession as well as to a high
CO2 concentration. However, based on the analysis of
the seasonal and annual distributions of temperature
MIS-19 stands out as the best analogue of MIS-1 and its
natural near future.

ID: 01430, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Speleothem stable isotopes reconstruction of the effects
of meridional shifts in atmospheric pressure systems on
South African rainfall and vegetation

Kerstin Braunl, Miryam Bar-Matthewsz, Alan
Matthews3, Avner Ayalonz, Richard C Cowling", Rainer
Zahns, Curtis W Marean® 1) Institute of Human Origins,
Arizona State University, USA 2) Geological Survey of
Israel, Israel 3) Hebrew University of Jerusalem, Israel 4)

Centre for Coastal Paleoscience, Nelson Mandela
Metropolitan University, South Africa 5) Institucio
Catalana de Recerca i Estudis Avancats, Universitat

Autonoma de Barcelona, Spain
* Kerstin Braun, kbraun2@asu.edu

South African climate is characterized by the alternating
influences of westerlies that mainly bring rainfall to the
southwest during winter and the interactions of tropical
low pressure systems with the westerly low pressure
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belt, which cause rainfall across the north, east, and
interior during summer. A narrow area between these
two regions receives rainfall from both influences
throughout the year. High growth season temperatures
favor C4 grasses in areas with summer rainfall, whereas
C3 plants dominate the winter rainfall region. In the year-
round rainfall region, vegetation composition gradually
changes with C3 plants dominating the west and C4
grasses being more common in the east.

This study presents a paleoclimate analysis of 6'0 and
§C values of speleothems from Pinnacle Point in the
year-round rainfall region, covering the time interval
between ~330 and ~40 ka. Changes in 80 and 8"c
values are indicative of long-term variations in vegetation
and rainfall seasonality. The §'°0 variations mostly follow
present-day patterns: low values are associated with a
southward shift of the westerlies, which restricts their
influence to the winter months; higher 50 values are
reached during summer when a northern position allows
for frequent interactions between temperate westerly
lows and tropical lows. §"C values vary in phase with
southern hemisphere temperatures, thus favoring
increased abundances of C4 grasses during warm phases
and dominance of C3 plants during cold intervals.
Deviation from this pattern is found between 75 and 60
ka, whereby high 50 values suggest that there is good
connectivity between the temperate and tropical
pressure systems, and a relative increase of summer
rainfall on the South African south coast. Thus, despite
the general cool global conditions during MIS 4,
temperatures in the Pinnacle Point region remained high
during the main growth season, and supported C4
grasses.

ID: 01366, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Climate dynamic of Terminations 2 and 3 in East
Antarctica as inferred from the combination of water
and air isotopes in Dome C and Vostok ice cores

Camille Bréantl, Amaélle Landaisl, Patricia Martineriez,
Anais Orsil, Nicolas CaiIIonz, Jeffrey Severinghaus3 1)
Laboratoire des Sciences du Climat et de
I'Environnement, UMR8212, CEA-CNRS-UVSQ-UPS/IPSL,
Gif-sur-Yvette, France 2) Univ. Grenoble Alpes/CNRS,
Laboratoire de Glaciologie et de Géophysique de
I’Environnement (LGGE), UMR 5183, Grenoble, F-38041,
France 3) Scripps Institution of Oceanography, University
of California San Diego, USA

* Camille Breant, camille.breant@Isce.ipsl.fr

Ice cores are important tools to decipher the influence of
different forcing on climate evolution. They are
particularly adapted to depict the past variations of polar
temperature and greenhouse gases. Indeed, the water
isotope composition of the ice is often taken as a
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reference to provide a continuous and high-resolution
local temperature record.

Terminations 2 and 3 are the fastest terminations of the
last 800 kyrs. The only deep polar ice cores enabling
description of Terminations 2 and 3 are located on the
East Antarctic plateau. Still this region is characterized by
very low temperature and accumulation rate (even lower
during glacial periods) and climatic reconstructions from
water isotopes are questioned in these regions because
of strong post-deposition effects. Isotopes of inert gases
trapped in ice cores are a complementary tool to
document past evolution of accumulation and
temperature. Indeed, 8N and &"°Ar of air trapped in ice
cores directly reflect the dynamic of past firn depth, itself
related to surface climatic parameters through firn
densification processes.

Here we provide new high resolution measurements of
8N and 8" Ar over Terminations 2 and 3 on the EPICA
Dome C and Vostok ice cores. While the water isotopic
profiles show very similar increases over the two studied
Terminations at Vostok and Dome C, air isotopes show a
much smaller increase at Vostok than at Dome C. The
measurements of air isotopes also permit to clearly
document a 2 step temperature or accumulation rate
increase over Termination 3 and over the last phase of
Marine Isotopic Stage 6, an evolution that is not obvious
from the water isotope profiles.

ID: 01747, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Could Humans have delayed the collapse of the African
Humid Period?

Chris Brierleyl, Katie Manningz, Mark Maslinll)
University College London 2) Kings College London
* Chris Brierley, c.brierley@ucl.ac.uk

During the early Holocene, northern Africa was relatively
humid and supported a large human population. Around
5,500 years ago (ka) the regional climate
deteriorated and the population declined significantly.
Evidence suggests these changes were coeval, but it is
unclear whether or not humans influenced this ecological
collapse. Using an idealised model, we forecast the
length of the Holocene African Humid Period (AHP). The
model shows that the end of the Holocene AHP had a low
predictability in comparison with previous interglacials. It
also indicates that the system was most likely to collapse
between 7-6 ka, which is at least 500 years before the
observed collapse. The shift from hunter-gatherer to
pastoralist human societies around 7 ka may have acted
to slow the regional environmental deterioration caused
by orbitally-driven climate change; thus delaying the end
of the most recent Humid Period. This supports the new
emerging view that modern pastoralists are essential to
the management of the world’s dryland environments.
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ID: 02068, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Fire dynamics over the last glacial cycle in South Africa

Tim Briicher', Anne-Laure Daniau’, Gitta Lasslop3 1)
Helmholtz Centre for Ocean Research, Kiel, GEOMAR,;
Germany 2) Environnements et Paléoenvironnements
Océaniques et Continentaux (EPOC), Université de
Bordeaux, CNRS; France 3) Max Planck Instistute for
Meteorology, Hamburg; Germany
* Tim Briicher, tbruecher@geomar.de

Responses of fire activity to changes in climate are still
uncertain. Biases exist by integrating this non-linear
process into global modelling of the Earth system.
Warming and regional drying can force fire activity in two
opposite directions: an increase in fire in fuel-supported
ecosystems or a fire reduction in fuel-limited ecosystems.
Therefore, climate variables alone cannot be used to
estimate the fire risk because vegetation variability is an
important determinant of fire dynamics and responds
itself to change in climate.

Southern Africa (south of 20°S) paleofire history
reconstruction obtained from the analysis of
microcharcoal preserved in a deep-sea core located off
Namibia reveals changes of fire activity on orbital
timescales in the precession band. In particular, increase
in fire is observed during glacial periods, and reduction of
fire during interglacials such as the Eemian and the
Holocene. The Holocene was characterized by even lower
level of fire activity than Eemian. Those results suggest
the alternance of grass-fuelled fires during glacials driven
by increase in moisture and the development of limited
fuelled ecosystems during interglacial characterized by
dryness. Those results question the simulated increase in
the fire risk probability projected for this region under a
warming and drying climate obtained by Pechony and
Schindell (2010).

To get better understanding of fire variability in South
Africa we compare data of a deep sea record to model
results obtained by JSBACH - the land component of the
Max Planck Institute Earth System Model. Fire dynamics
over the last 130.000 years is simulated in an offline
mode. Climate data like precipitation and temperature as
well as vegetation data like soil moisture, productivity
(NPP) on plant functional type level are used to explain
trends and variability of fire activity over the last glacial
cycle - which is driven by vegetation and climate, while
vegetation itself is coupled to fire.

ID: 01658, 18.- Human Impact on Global Aquatic Systems,
(Oral)
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Operational assessment of regime shifts: application to
the long-term ecological trajectory of a hollow lake
under multiple forcings

Rosalie Bruell, Aldo Marchettoz, Anaelle Bernardl,
Andrea Lamiz, Pierre Sabatier® , Victor Frossardl, Marie-
Elodie Perga1 1) CARRTEL, INRA, Université de Savoie-
Mont Blanc, 74200 Thonon-les-Bains, France 2) CNR-ISE,
28922 Verbania Pallanza, Italy 3) EDYTEM, Université de
Savoie-Mont Blanc, CNRS, 73370, Le Bourget du Lac,
France * Rosalie Bruel, rosalie.bruel@inra.fr

Large, abrupt and persistent changes have been observed
in various ecosystems, and many have been referred to
as regime shifts despite any explicit consideration of
underlying drivers and dynamics. However, alternative
mechanisms, including combination of new drivers, high
environmental stochasticity, or persistence of the
principal driving force, can cause abrupt changes in
ecosystem states and mimic hysteresis, in absence of any
regime shift. It is yet crucial, because of their serious
implications on management targets, to operationally
assess the actual frequency and occurrence of true
regime shifts. In such purposes, we focused on the paleo-
ecological trajectory of Lake Varese, a deep, hyper-
eutrophicated peri-alpine lake that experienced three
transitions over the last century. We combined
ordination methods, changepoint analysis and general
additive models, to test whether, or not, these transitions
were true regime shifts triggering hysteresis. Only one
transition could be qualified, based on its dynamics and
the underlying drivers, as a nutrient-driven regime shift.
Despite low macrophyte coverage for this hollow lake,
vegetation might have had a stabilizing effect in the first
stages of eutrophication and the shift was preceded by
an increase in autocorrelation and variance more than
two decades before. Since then, the lake trajectory has
been evolving around this disturbed attractor. The most
recent transition, despite sudden, was driven by current
warming to which pelagic habitats have been more
sensitive than littoral ones. Instead of triggering a new
regime shift, climate warming has driven the lake further
from its safe operating space.

ID: 01944, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

From mud to map: reconstructing Neolithic land cover
dynamics at a regional scale from pollen records

M. Jane Bunting1 , Michelle Farrellz, Pete Marshalla, Alix
Baylissa, Alasdair Whittle4, Rob Batchelors, D Druces,
Michael Grant’ , Tom Hill® , N Hollindrake® 1) University of
Hull, UK 2) University of Coventry, UK 3) Historic England,
UK 4) Cardiff University, UK 5) The University of Reading,
UK 6) Oxford Archaeology North, Lancaster, UK 7)
University of Southampton, UK 8) Natural History
Museum, London, UK 9) Hollinrake Archaeology, UK * M.
Jane Bunting, m.j.bunting@hull.ac.uk
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Environmental reconstructions from pollen records
collected within archaeological landscapes have
traditionally taken a broadly narrative approach. Pollen
diagrams are interpreted in the form of a series of
descriptions of changing land cover, drawing on
ecological and archaeological understandings, with few
attempts made at hypothesis testing or formal
assessment of uncertainty. The Multiple Scenario
Approach (MSA) offers a radically different way to use
pollen data to reconstruct past land cover. Using
ecological, topographic, geological and archaeological
constraints within a GIS to produce a large number of
hypothetical landscapes, the MSA simulates the pollen
signal of each of these alternates then compares it
statistically with an actual pollen record to identify which
are possible reconstructions.As part of the ERC funded
Times of Their Lives project, extant pollen datasets have
been collated, age-depth models refined, and the
Multiple Scenario Approach (MSA) to land cover
reconstruction applied to create maps of possible past
vegetation mosaics in two key areas of Neolithic activity
in the British Isles, the Somerset Levels and Moors and
the Heart of Neolithic Orkney World Heritage Site for key
time slices. Analysis of these reconstructions allows us to
consider the extent to which activity within and around
the wetlands and in the surrounding hills might be
expected to be detectable in pollen records, and to
provide a context for improved understanding of the
cultural reshaping of these iconic landscapes during the
Neolithic.

ID: 02279, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

High-resolution sulfur isotopes in ice cores identify large
stratospheric eruptions

Andrea Burkel, Michael Sigl3, Kathryn Moorel, Dan
Nita® , Jess Adkinsz, Guillaume Paris4, Joe McConnell® 1)
School of Earth and Environmental Sciences, University of
St Andrews, St Andrews, UK 2) Division of Geological and
Planetary Sciences, Caltech, Pasadena, CA, USA 3)
Laboratory of Environmental Chemistry, Paul Scherrer
Institut Villigen, Switzerland 4) CRPG - UMR 7358
CNRS/UL, 15 rue Notre-Dame des Pauvres, 54500
Vandoeuvre-lés-Nancy, France 5) Desert Research
Institute, Nevada System of Higher Education, Reno, NV,
USA * Andrea Burke, ab276@st-andrews.ac.uk

The record of the volcanic forcing of climate over the past
2500 vyears is reconstructed primarily from sulfate
concentrations in ice cores. Of particular interest are
stratospheric eruptions, as these afford sulfate aerosols
the longest residence time and largest dispersion in the
atmosphere, and thus the greatest impact on radiative
forcing.  Identification of stratospheric eruptions
currently relies on the successful matching of the same
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volcanic sulfate peak in ice cores from both the Northern
and Southern hemispheres (a “bipolar event”). These are
interpreted to reflect the global distribution of sulfur
aerosols by the stratospheric winds. Despite its recent
success, this method relies on precise and accurate
dating of ice cores, in order to distinguish between a true
‘bipolar event’ and two separate eruptions that occurred
in close temporal succession.

Sulfur isotopes can been used to distinguish between
these two scenarios since stratospheric sulfur aerosols
are exposed to UV radiation which imparts a mass
independent fractionation (Baroni et al., 2007). Mass
independent fractionation of sulfate in ice cores thus
offers a novel method of fingerprinting stratospheric
eruptions, and thus refining the historic record of
explosive volcanism and its forcing of climate. Here we
present new high-resolution (sub-annual) sulfur isotope
data from the Tunu Ice core in Greenland over seven
eruptions. Sulfur isotopes were measured by MC-ICP-MS,
which substantially reduces sample size requirements
and allows high temporal resolution from a single ice
core. We demonstrate the efficacy of the method on
recent, well-known eruptions (including Pinatubo and
Katmai/Novarupta), and then apply it to unidentified
sulfate peaks, allowing us to identify new stratospheric
eruptions and distinguish between stratospheric and
tropospheric sulphate.

Baroni, M., Thiemens, M. H., Delmas, R. J., & Savarino, J.
(2007). Mass-independent sulfur isotopic compositions in
stratospheric volcanic eruptions. Science, 315(5808), 84—
87. http://doi.org/10.1126/science.1131754

ID: 01879, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Wetter subtropics in a warmer world

Natalie Burlsl, Alexey Fedorovzl) George Mason
University 2) Yale University

* Natalie Burls, nats.burls@gmail.com

During the warm Miocene and Pliocene epochs, vast
subtropical regions had enough precipitation to support
rich vegetation and fauna. Only with global cooling and
the onset of glacial cycles some 3 million years ago,
towards the end of the Pliocene epoch, do the broad
patterns of arid and semi-arid subtropical regions appear
to have become fully established. However, current
projections of future global warming caused by CO, rise
suggest the intensification of such dry conditions over
subtropical regions, rather than the return to a wetter
state. What makes future projections so different from
these past warm climates? Here, we investigate this
question by comparing a typical quadrupling-of-CO,
experiment with a simulation that closely reproduces
available sea surface temperature reconstructions for the
early Pliocene. Based on these two experiments, as well
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as a broad suite of perturbed coupled climate
simulations, we argue that this puzzle can be explained
by weaker atmospheric circulation in response to the
different ocean surface temperature patterns of the
Pliocene, specifically reduced meridional temperature
gradients that required different cloud radiative forcing
to be sustained. When predicting the response of the
hydrological cycle within the subtropics under global
warming, the warm Pliocene highlights the importance of
not only predicting how global mean temperature
responds to elevated CO, forcing (climate sensitivity) but
also correctly quantifying how meridional SST patterns
will change (structural climate sensitivity).

ID: 01771, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Fire in Tasmania’s endemic rainforests;
governed by frequency and topography

Haidee Caddl, Michael-Shawn FIetcherz, Heijnis Hendrik
* | Patricia Gadd® 1) The University of Adelaide 2) The
University of Melbourne 3) Institute for Environmental
Research, Australian Nuclear Science and Technology
Organisation

* Haidee Cadd, haidee.cadd@adelaide.edu.au

recovery

Tasmania\'s montane temperate rainforests (MTR)
contain some of Australia\'s most ancient and endemic
flora, relicts from the forests that once covered the
Gondwanan supercontinent. Recent landscape-scale fires
have impacted a significant portion of these now
restricted rainforest ecosystems. Fire facilitates the
colonisation of fire-adapted species (e.g. Eucalyptus) into
areas occupied by fire-sensitive rainforest. The complex
and rugged topography of Tasmania results in a highly
variable influence of fire across the landscape, rendering
predictions of the landscape response to fire difficult.
Highly-productive temperate ecosystems (e.g. western
Tasmania) are predicted to experience an increase in fire
activity driven by changing climates, raising questions
about the role of fire in the ecology of these MTR
ecosystems and their ability to recover from fire. This
study employs charcoal, pollen and geochemical analyses
from the sediments of Lake Perry, southern Tasmania, to
examine how fires have influenced vegetation structure
and soil dynamics in MTR ecosystems over the past
15,000 years. Infrequent fires throughout the Holocene
triggered a negative response in rainforest plant taxa, yet
MTR persisted at the site until ca.200 cal. yr BP. Critically,
the site is located 400 m north of another study site,
where repeated fires between 6500-3000 years ago
resulted in a transformation from MTR to fire-adapted
Eucalyptus forest. Topographical fire refugia within the
Lake Perry catchment may have provided protection for
fire-sensitive MTR species to persist. Slowing recovery of
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an ecosystem following disturbance has been implicated
as an early warning signal for transitions between
alternate stable states. The MTR taxa Cupressaceae
displays a slowing down of recovery and eroded
resilience after recurrent fire events. The legacy of
Holocene fire eroding the resilience of MTR and the
predicted increase in fire activity in highly-productive
ecosystems places these systems across western
Tasmania under serious threat into the future.

ID: 01587, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

New insights into the anatomy of abrupt climate
changes based on high-resolution records from the
Greenland NEEM and NorthGRIP ice cores

Emilie Capronl, Sune O. Rasmussenl, Trevor J. Poppl,
Vassileos Gkinisl, Bruce Vaughnz, Tobias Erhardts,
Hubertus Fischerg, Thomas BIunierl, Aslak Grinstedl,
Amaelle Landais4, Joel Pedro’ ,etal et al.! 1) Niels Bohr
Institute, University of Copenhagen, Juliane Maries Vej
30, 2100 Copenhagen, Denmark 2) The Institute of Arctic
and Alpine Research, Campus Box 450, University of
Colorado, Boulder, CO 80309-0450, USA. 3) Climate and
Environmental Physics, Physics Institute and Oeschger
Center for Climate Change Research, University of Bern,
3012 Bern, Switzerland 4) Laboratoire des Sciences du
Climat et de I'Environnement, UMR CEA/CNRS/UVSQ,
Orme des Merisiers, F-91191 CEDEX, Gif sur Yvette,
France * Emilie Capron, capron@nbi.ku.dk

The millennial-scale succession of Greenland Stadials (GS)
and Greenland Interstadials (Gl) illustrates the Greenland
expression of the well-known sequence of Dansgaard-
Oeschger (DO) events, within which we observe
additional climate variations of decadal-to-centennial-
scale duration. Various paradigms, mostly based on
interactions between the cryosphere and the ocean, are
proposed to explain the existence and evolution of DO
events. Annual-to-decadal scale records of environmental
and climatic regional changes over the rapid transitions
are needed to assess whether climate model outputs
based on a particular mechanism are consistent with the
observed spatial pattern and temporal phasing.

We present new multiannual-scale stable water isotope
measurements (ice 5'%0 and 6D) and annually-resolved
ion chemistry records from the NorthGRIP and NEEM ice
cores. Because these tracers imprint the signatures of
different parts of the Northern Hemisphere climate
system, we can map the anatomy — the spatial and
temporal signature — of climate and environmental
changes associated with abrupt transitions (from GS to Gl
and vice-versa) occurring during Marine Isotopic Stage
(MIS) 4. We apply a statistical approach to determine the
timing and duration of the transitions, along with the
amplitude of the local and regional changes associated
with each Greenland warming and cooling phase. We
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quantify similarities and differences in the sequences of
events through a comparison with results obtained over
MIS 3.

Variability in the expression of the events and
methodological uncertainties prevent us from identifying
systematic differences in the relative timing between the
different tracers across the set of GI-GS and GS-GI
transitions. However, we identify clear differences in the
duration of the transition in the different tracers. We
discuss the implications of our results in terms of the
involved mechanisms and in particular, the possible
influence of (1) the Heinrich Events and of (2) the long-
term evolution of the climate system on the abrupt
climate variability.

ID: 01557,01.- Open Session on past global changes,
(Oral)

Past vegetation changes in the context of land use and
late Holocene expansion of the Jé pre-Columbian
culture in Southern Brazil

Macarena L. Cardenasl, Francis E. Maylel, Jose Iriartez,
Jonas Gregorio de Souzaz, Priscilla Ulguim3, Mark
Robinsonz, Rafael Corteletti4, Paulo DeBlasis’ 1)
University of Reading, Reading, United Kingdom 2)
University of Exeter, Exeter, United Kingdom 3) Teeside
University, Middlesborough, United Kingdom 4)
Universidad Federal de Pelotas, Pelotas, RS, Brazil 5)
Museum of Archaeology and Ethnology of the University
of Sao Paulo, Brazil

* Macarena L. Cardenas, m.l.cardenas@reading.ac.uk

Palaeoecological research can provide important insights
into the impacts of humans vs climate change upon
ecosystems in the past, which can inform land-use and
conservation planning. Our international project aims to
reveal past dynamics of the iconic Araucaria forest in the
context of land use by the pre-Columbian Jé culture in
southern Brazil over the last c. 2000 vyears. Our
palaeoecological research is based on three bog cores
collected within archaeological sites representing
different land uses associated with the mixed-economy
Jé culture. We use modern and fossil pollen, charcoal,
isotopes and geochemical analysis of the sediments to
reconstruct vegetation, fire, land-use histories, as well as
past agricultural practices at the sites. We also integrate
this information with local archaeological and
independent palaeoclimatic data to understand the
relationship with climate change. Our results show varied
vegetation development within the same region that
seems to be related to the type of land-use. For example,
we find that Araucaria forest expansion occurred at
habitation sites but not at funerary sites. Where we do
observe Araucaria forest expansion, it was less
pronounced than the previously recorded, interpreted as
climate-driven, regional-scale Araucaria expansion ca.
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2000 yr BP. Our study therefore suggests that pre-
Columbian human land-use had significant and diverse
impacts on Araucaria forest at the local scale — through
ritual practices, habitation and agriculture — nested
within a long-term, regional scale trend of Araucaria
expansion. This expansion of the forest correlates in part
to the increasing rainfall, as revealed by comparison with
previously published speleothem data. This case study
reveals complex human-vegetation-climate dynamics,
and provides key information about baseline ecological
conditions relevant for conservation policy and land-use
planning.

ID: 01301, 06.- Before and after - climate contrasts across
the MPT, (Oral)

Pleistocene CO2 change and the MPT, from boron
isotopes

Thomas Chalkl, Gavin Fosterl, Mathis Hainl, Eelco
Rohlingz, Marcus Badgerg, Richard Pancost4, Paul
Wilson' 1) University of Southampton 2) Australian
National University 3) The Open University 4) The Cabot
Institute and the University of Bristol
* Thomas Chalk, t.chalk@noc.soton.ac.uk

During the Mid-Pleistocene Transition (MPT; 1200-800
thousand years ago, kyrs) Earth’s orbitally paced ice-age
cycles intensified, lengthened from ~40 to ~100 kyrs, and
became distinctly asymmetrical. Testing hypotheses that
implicate changing atmospheric CO, levels as a driver of
the MPT has proven difficult with available observations.
Here we use orbitally resolved, boron-isotope CO, data to
demonstrate that the glacial-to-interglacial CO, difference
increased from ~43 to ~75 ppm across the MPT, mainly
due to lower CO, levels during glacials. We observe a
two-fold steepening of the relationship between sea level
and CO,-related climate forcing that is suggestive of a
change in the dynamics that govern ice-sheet stability,
such as that expected from the removal of subglacial
regolith. We argue that neither ice-sheet dynamics nor
CO, change in isolation can explain the MPT and that it
marked a fundamental change to internal forcing. We
also examine the MPT within the context of multiple
lower resolution records of Pleistocene CO, and
temperature.

ID: 02061, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

Mid-Pliocene winter temperature pattern not unlike
that of recent decades: causes and implications for the
21st century

Deepak Chandanl, Richard Peltier' 1) Department of
Physics, University of Toronto
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* Deepak Chandan, dchandan@atmosp.physics.utoronto.
ca

Observations for boreal winter temperatures over recent
decades show that the warming trend over the Arctic has
been accompanied by a cooling trend over the
surrounding continents, driven by more frequent
outbreaks of extreme cold weather. This pattern has
been coined “Warm Arctic, Cold Continents” and the
principle causes for it remains uncertain although Arctic
amplification has been argued to be significantly
involved. The question as to whether should be
interpreted as a transient response, or as the new steady
state characteristic of the warming world is a more
uncertain question. We have recently completed many
thousands of years of mid-Pliocene simulations and find
that the pattern of the climatological boreal winter
temperature anomaly relative to modern bears a striking
resemblance to the observed modern temperature
trends. Prevalence of cooler temperatures over land,
compared to Arctic is clearly seen in the anomaly
compared to modern, despite both modern and mid-
Pliocene having identical atmospheric CO2. This is the
first time this pattern has been observed for the mid-
Pliocene; indeed, none of the PlioMIP1 simulations show
any such cooling. Are the results for the mid-Pliocene
suggesting that the recently observed cooling trend over
land is not just a transient feature? Because the mid-
Pliocene and present share some similarity while also
having important differences, the mid-Pliocene is well
suited to assisting us to understand the mechanisms
behind the observed present-day temperature trends
and to help us understand whether the trends should be
expected to persist into the future. We investigate these
mechanisms using the full suite of PlioMIP2 core, and
PlioMIP2 tier 2 sensitivity simulations as well as mid-
Pliocene simulations that we have performed using an
alternate set of boundary conditions which have been
developed by ourselves.

ID: 01314, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

A combined archaeological and paleoenvironmental
perspective of Holocene human-environment
interactions in North America

Michelle Chaputl, Konrad Gajewskill) Department of
Geography, Environment and Geomatics, University of
Ottawa * Michelle Chaput, mchap036@uottawa.ca

The ongoing development of the Comprehensive
Archaeological Radiocarbon Database (CARD), the largest
online open-access repository of global cultural and
paleoenvironmental radiocarbon dates, is revolutionizing
the study of human-environment interactions at global
and regional scales. In North America alone, more than
30,000 radiocarbon dates currently exist in the CARD, and
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many are associated with distinct cultural groups and
regional histories. Radiocarbon data are now commonly
used as a paleodemographic proxy, and when combined
with records of paleofires and vegetation change, they
become an invaluable source of information regarding
past human-environment interactions. Continental-scale
time series analyses of North American radiocarbon data
show an exponential increase in population density since
the Younger Dryas until the European colonization of the
Americas after which population numbers rapidly decline.
Similar trends are observed in South America and
Australia although time series for other major world
regions are more complex. This presentation emphasizes
the need for regional-scale time series analyses to enable
the understanding of how different population groups
influenced the evolution of the North American
landscape but also how past regional environments
shaped human migration patterns and human-induced
land use and land cover change. Preliminary analyses
indicate regions can be defined based on cultural areas,
cultural periods or traditions, and vegetation abundance
and distribution. When dividing the continent based on
cultural areas or periods, high frequency fluctuations in
population density become apparent. Comparisons
between regional demographic curves and
paleovegetation records show correlations between
human activity and vegetation change. These results
confirm the utility of radiocarbon data in the study of
human-vegetation-climate dynamics and highlight the
potential of using these methods elsewhere in the world.

ID: 02162, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Oral)

Summer temperature and drought co-variability across
Europe since 850 CE

Fredrik Charpentier Ljungqvist1 1) Bolin Centre for
Climate Research, Stockholm University, Stockholm,
Sweden

*fredrik.c.|@historia.su.se

The increasing risk of droughts and floods is a major
concern under the ongoing global warming condition.
Droughts have severe and persistent negative
consequences for agricultural productivity across wide
areas. However, state-of-the-art climate models are not
consistent in their projections of hydroclimate changes
under global warming on regional scales, which hampers
attempts at defining long-term mitigation strategies. A
better understanding of past summer temperature and
hydroclimate (or drought) co-variability will provide
valuable empirical information on how
increasing/decreasing temperatures will affect summer
drought conditions at different time-scales over Europe.
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For the first time, we assess the spatio-temporal co-
variability of summer temperature and summer drought
across Europe since 850 CE at inter-annual to centennial
time-scales. We both use instrumental data, the new
gridded tree-ring-derived Old World Drought Atlas by
Cook et al. (2015) and the gridded European summer
temperature reconstruction by Luterbacher et al. (2016)
as well as two high-resolution last millennium (850-2005
CE) climate simulations (CCSM4 and MPI-ESM-P). This
allows us to i) investigate potential changes in
dominating patterns of co-variability at different time
scales, and ii) assess the accuracy and precision of climate
models to simulate summer temperature and summer
drought co-variability as found both in 20™ century
instrumental data and millennium-long tree-ring based
climate reconstructions. Furthermore, we investigate and
discuss results from cross-spectral analyses of
temperature and drought co-variability in time and space
over Europe.

ID: 01287, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

The dynamic relationship between temperate and
tropical circulation systems across South Africa since the
Last Glacial Maximum

Brian M. Chasel, Manuel Chevalierl, Arnoud Boomz,
Andrew S. Carr’1) Centre National de la Recherche
Scientifique, UMR 5554, Institut des Sciences de
I’Evolution-Montpellier, Université Montpellier, Bat.22,
CC061, Place Eugéne Bataillon, 34095 Montpellier, cedex
5, France 2) Department of Geography, University of
Leicester, Leicester, LE1 7RH, UK

* Brian Chase, brian.chase@um?2.fr

Perhaps the most fundamental and long-standing
question of southern African palaeoclimatology is the
way variability in the dynamics of tropical and temperate
climate systems have influenced rainfall regimes across
the subcontinent since the Last Glacial Maximum. In this
paper, we analyse a selection of recently published
palaeoclimate reconstructions along a southwest-
northeast gradient across South Africa that span the last
22,000 years, and encompass the transition between the
region’s winter and summer rainfall zones. In synthesis,
these records confirm broad elements of the dominant
paradigm, which proposes an inverse coeval relationship
between temperate and tropical systems, with increased
precipitation in the winter (summer) rainfall zone during
glacial (interglacial) periods. Revealed, however, is a
substantially more complex dynamic, with climate change
events at sub-orbital timescales being strongly — even
predominantly — influenced by the interaction and
combination of temperate and tropical systems. This
synoptic forcing can create same sign anomalies across
South Africa, contrary to expectations based on the
classic model of phase opposition. These findings suggest
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a new paradigm for the interpretation of southern
African palaeoenvironmental records that moves beyond
simple binary or additive influences of these systems.

ID: 01367, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Temperature range shifts for three European tree
species over the last 10,000 years

Rachid Cheddadil, Miguel AraL'Jjoz, Luigi Maiorano3,
Mary Edwards4, Antoine Guisans, Matthieu Carrél,
Manuel Chevalierl, Peter Pearman® 1) University of
Montpellier, CNRS, France 2) Departamento de
Biogeografia y Cambio Global, Museo Nacional de
Ciencias Naturales, Madrid, Spain 3) Dipartimento di
Biologia e Biotecnologie "Charles Darwin", Universita di
Roma "La Sapienza", Italy 4) Geography and
Environment, University of Southampton, Highfield,
Southampton SO17 1BJ, UK 5) Department of Ecology
and Evolution, University of Lausanne, 1015 Lausanne,
Switzerland 6) Department of Plant Biology and Ecology,
University of  the Basque Country, Spain
* Rachid Cheddadi, rachid.cheddadi@umontpellier.fr

We quantified the degree to which the relationship
between the geographic distribution of three major
European tree species, Abies alba, Fagus sylvatica and
Picea abies and January temperature (Tjan) has remained
stable over the past 10,000 years.

We used an extended data-set of fossil pollen records
over Europe to reconstruct spatial variation in Tjan values
for each 1,000-year time slice between 10,000 and 3,000
years BP (before present). We evaluated the relationships
between the occurrences of the three species at each
time slice and the spatially interpolated Tjan values, and
compared these to their modern temperature ranges.
Our results reveal that Fagus sylvatica and Picea abies
experienced Tjan ranges during the Holocene that differ
from those of the present, while Abies alba occurred over
a Tjan range that is comparable to its modern one.

Our data suggest the need for re-evaluation of the
assumption of stable climate tolerances at a scale of
several thousand years. The temperature range instability
in our observed data independently validates similar
results based exclusively on modelled Holocene
temperatures. Our study complements previous studies
that used modelled data by identifying variation in
frequencies of occurrence of populations within the limits
of suitable climate. However, substantial changes that
were observed in the realized thermal niches over the
Holocene tend to suggest that predicting future species
distributions should not solely be based on modern
realized niches, and needs to account for the past
variation in the climate variables that drive species
ranges.
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ID: 01614, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Oral)

Deciphering detrital signatures of
precipitation/weathering and wind transport related to
the East Asian monsoon fluctuations: multi-proxy study
of a long marine sequence from the northern part of the
South China Sea

Quan CHEN', Quan CHEN®, Catherine KISSEL?, Zhifei
LIt 1) State Key Laboratory of Marine Geology, Tongji
University, Shanghai, China 2) Laboratoire des Sciences
du Climat et de I'Environnement (CEA-CNRS-UVSQ), Univ.
Paris-Saclay, Av. de la Terrasse, 91198 Gif-sur-Yvette
Cedex, France
* Catherine Kissel, catherine.kissel@I|sce.ipsl.fr

In the South China Sea, the detrital component of marine
sediment is a powerful recorder of paleoenvironmental
changes linked to the monsoonal climate strongly
controlled by precession. Indeed, based on the
knowledge of the sedimentary signature of the potential
sources for these terrigenous sediments, the composition
of marine sediments can be used to decipher the
different mechanisms, forcing, and transport vectors.

We report here the analysis of the magnetic properties,
sortable silt and clay mineralogy of a ~51 m long
sedimentary sequence retrieved from the northern South
China Sea and covering the last 400 ka. Magnetic
minerals with different coercivities (magnetite, pyrrhotite
and hematite) are mixed. The clay mineralogical results
also show variable concentrations in smectite, illite and
chlorite, and kaolinite. Hematite content and
smectite/(illite+chlorite) ratio present a predominant
precession periodicity synchronous with the northern
hemisphere summer insolation changes and therefore
with that of the East Asian summer monsoon. Events of
high hematite content, in phase with finer grains,
coincide with precession lows, while
smectite/(illite+chlorite) ratio increases during precession
highs.

Knowing that smectite mainly produced by
contemporaneous chemical weathering intensity in
Luzon, we use the smectite/(illite+chlorite) ratio as a
tracer for increasing weathering rate in Luzon, in turn
related to enhanced East Asian summer
monsoon. Hematite is not produced in large amounts on
lands adjacent to the northern part of the South China
Sea, and the association of its content with fine-grain
marine sediments suggest that the periodic supply in
hematite is related to the eolian dusts transported to the
studied site. Higher hematite content may therefore be
used as a tracer for weak East Asian summer monsoon
intensity at this latitude.

is
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ID: 01632, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)

Quantified 45,000 vyears-long temperature
precipitation reconstructions in southeast Africa

and

Manuel Chevalierl, Brian Chase’ 1) Institute of Earth

Surface Dynamics Faculté des Géosciences et
I'Environnement, Université de Lausanne, Batiment
Géopolis, Quartier Mouline, Lausanne CH1015,

Switzerland 2) Institut des Sciences de I'Evolution de
Montpellier, UMR 5554 Université Montpellier 2, Bat.22,
CC061, Place Eugene Bataillon, 34095 Montpellier, France
* Manuel Chevalier, chevalier.manuel@gmail.com

In terms of our understanding of how southeast African
climates have evolved since the last glacial period, a key
topic of recent debate has been the extent to which
direct precessional insolation forcing (the so-called
Orbital Monsoon Hypothesis) and/or other factors such
as Indian Ocean sea surface temperatures (SSTs) have
driven regional climate change. In this paper, we present
data derived from 13 fossil pollen sequences in southeast
Africa using a new method based on probability density
functions (pdfs) calculated from modern plant-climate
relationships. This reanalysis allows for the quantification
of a range of distinct climatic variables from this critical
region, and provides significant insight into the nature of
long-term climate change. Temperature reconstructions
show strong coherency among all sites considered, and
parallel southwest Indian Ocean SSTs. Reconstructions of
the amount, annual distribution and effectiveness of
precipitation since mid-MIS 3 indicate a dichotomy in the
precipitation pattern between interior and eastern South
African sites. At the millennial timescale, precipitation in
eastern sites shows strong similarities with the Indian
Ocean SST records as well as with records from the large
East African lakes. Interior sites, while clearly being
influenced by SSTs, also appear to be sensitive to
additional factors, including the position of the southern
westerlies, which interacts with tropical systems to
create tropical-temperate troughs. Our results shed light
on the complexity of the mechanisms driving South
African rainfall and the heterogeneity of the ‘summer
rainfall zone’, and clarify several key elements of the
current debate, including limitations of models relying on
direct insolation forcing to explain long-term climate
dynamics. Finally, our reconstructions of annual aridity
from the same records will shed light on the absolute
necessity to differentiate between aridity and rainfall
proxies when performing data-model comparisons.

ID: 01980, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Oral)

Polar Ural Mountains: A surprisingly rich flora for the
past 25,000 years
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Charlotte CIarkel, Mary Edwardsl, Inger Alsosz, John
Inge Svendsen®, Haflidi Haflidason® 1) University of
Southampton, UK 2) University of Tromsg, Norway 3)
University of Bergen, Norway

* Charlotte Clarke, cc26g10@soton.ac.uk

Understanding the response and resilience of the Arctic
flora to past environmental change is an essential
component informing ecosystem models and anticipating
how plant communities may respond to future climate
change. Reconstructing Arctic vegetation histories has
often proved challenging due to poor taxonomic
resolution and often low concentrations of pollen and/ or
macrofossils preserved within Arctic lake sediments.
Metabarcoding of sedimentary aDNA (sedaDNA) is a
promising tool for reconstructing past changes in
vegetation and species diversity. Here, we present a
sedaDNA record of vegetation change over the past
25,000 years from Bolshoi Schuchye, a lake situated
within the northernmost Polar Ural Mountains, Arctic
Russia. Cosmogenic exposure dates suggest that the
region remained largely ice-free during the Last Glacial
Maximum (LGM), with the exception of small valley
glaciers (Mangerud et al, 2008). The Polar Urals may
therefore hold important explanations for glacial
persistence and the apparently rapid dispersal of the
Arctic flora at the end of the last glacial.

In total, sedaDNA detected 167 plant taxa throughout the
24m lake sediment record. The full-glacial period is
characterised as a dry Arctic tundra or polar-desert
environment with a dominance of grasses such as
Puccinellia and herbs such as Papaver. The Younger Dryas
is seen in all geochemical proxies and a rapid decline in
the sedaDNA of Betula, although this is the only taxon to
show a clear response to cooling. Onset of the Holocene
is marked by a rise in herbs such as Oxyria, Pyrola and
Alchemilla, followed by a mixed Picea-Larix-Betula forest
from 9500cal yrs BP. This hypsithermal phase lasted until
4800-3500cal yrs BP, after which mixed forests withdrew
and allowed expansion of diverse dwarf-shrub, herb
tundra. The results demonstrate a surprisingly rich flora
which has shown remarkable resilience in the presence of
changing environmental conditions over the past 25,000
years.

ID: 02320, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Oral)

Paleoclimate constraints on the spatio-temporal
character of past and future drought in climate models

Sloan Coats" 1) National Center for Atmospheric Research
* Sloan Coats, sloan.coats09@gmail.com

Drought is a spatio-temporal phenomenon; however, due
to limitations of traditional statistical techniques it is
often analyzed solely temporally—for instance, by taking
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the hydroclimate average over a spatial area to produce a
timeseries. Herein, we use machine learning based
Markov Random Field methods that identify drought in
three-dimensional space-time. Critically, the joint space-
time character of this technique allows, for the first time,
both the temporal and spatial scales of drought to be
analyzed. We apply these methods to climate model
output from the Coupled Model Intercomparison Project
phase 5 and tree-ring based reconstructions of
hydroclimate over the full Northern Hemisphere for the
past 1000 years. Analyzing reconstructed and simulated
drought in this context provides a paleoclimate constraint
on the spatio-temporal character of past and future
droughts, with some surprising and important insights
into future drought projections. Climate models, for
instance, suggest large increases in the severity and
length of future droughts but little change in their width
(latitudinal and longitudinal extent). These models,
however, exhibit biases in the mean width of drought
over large parts of the Northern Hemisphere, which may
undermine their usefulness for future projections.
Despite these limitations, and in contrast to previous high
profile claims, there are no fundamental differences in

the spatio-temporal character of simulated and
reconstructed drought during the historical interval
(1850-present), with critical implications for our

confidence in future projections derived from climate
models.

ID: 02026, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Low latitude iceberg scours record massive deglacial
outburst floods

Alan Condronl, Jenna Hill® 1) Climate System Research
Center, Department of Geosciences, University of
Massachusetts, Amherst, Massachusetts 01003, USA 2)
Center for Marine & Wetland Studies, Coastal Carolina
University, Conway, South Carolina 29528, USA
* Alan Condron, acondron@geo.umass.edu

Outburst floods from proglacial lakes in North America
have frequently been associated with a slow-down of the
Atlantic meridional overturning circulation (AMOC)
during deglaciation. Reconciling the magnitude of these
floods is vital for quantifying the sensitivity of the AMOC
to future changes in high-latitude freshwater forcing.
Here, we use a high-resolution iceberg model to show
that outburst floods from Hudson Bay would have
transported thousands of icebergs from the subpolar
North Atlantic to lower latitudes (30°N-40°N), including
Bermuda Rise and the Azores, while the largest floods
would have carried icebergs southwards through Florida
Strait to the Gulf of Mexico. Seafloor scour marks
simulated in our model by allowing grounded icebergs to
plow through marine sediments correspond closely to
previously identified scours along the U.S. continental

Zaragoza, Spain, 9-13 May 2017

32

PAGES —OSM 2017

margin that are found south of Cape Hatteras. Our results
provide conclusive evidence that massive outburst floods
from proglacial lakes would have significantly freshened
the entire North Atlantic during deglaciation. Finally, we
suggest that searching for iceberg scours along the
continental margins of South America could provide an
important new record of past fluctuations in Antarctic Ice
Sheet discharge.

ID: 01720, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

A 400-year isotopic record of seabird response to
eastern tropical Pacific productivity

Jessica Conroyl, Aaron CoIIinsz, Mark Bushz, Jonathan
Overpecka, Julia Cole®, David Anderson® 1) Department
of Geology, Department of Plant Biology, University of
Illinois Urbana-Champaign 2) Department of Biological
Sciences, Florida Institute of Technology 3) Department
of Geosciences, Department of Atmospheric Sciences,
The University of Arizona 4) Department of Biology, Wake
Forest University * Jessica Conroy, jconro@illinois.edu

Seabirds play an important role in coastal environments,
serving as key indicators of marine ecosystem variability.
Long-term estimates of seabird populations remain rare,
but lakes that support large seabird populations in their
watersheds can archive a history of seabird activity in
their sediment records. Here we present a seabird guano-
influenced sediment record from Genovesa Crater Lake,
Galdpagos Islands, home to the world’s largest reported
colony of red-footed boobies (Sula sula) and smaller
populations of other species. Influx of seabird guano into
Genovesa Crater Lake produces high sedimentary &N
values, and temporal variability in sediment &°N
primarily reflects changes in guano influx through time.
Two abrupt increases in sedimentary 8N occurred at
1835 AD and 1965 CE, and variance increased following
the 1965 CE shift. The largest of these abrupt shifts at
1835 CE coincided, within age model error, with an
abrupt increase in marine productivity indicators in
sediment records off the coast of Perd and Chile. In the
latter part of the twentieth century, 5N values
increased during periods of higher landings of Peruvian
anchoveta and sardines. We hypothesize that seabird
presence and activity on Genovesa increased during
periods of higher regional marine productivity. Enhanced
variance in Genovesa §°N following the 1965 CE shift
may reflect a modern population more susceptible to
climate and environmental variability than at any other
time in the last 400 years.

ID: 01681, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction
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On the frequency, seasonality and atmospheric drivers
of Late Holocene heavy rainfall in Western
Mediterranean

Juan Pablo Corellal, Blas L. VaIero-Garcész, Sergio M.
Vicente-Serranoz, Achim Brauer3, Gerardo Benito” 1)
Institute of Physical Chemistry Rocasolano (CSIC), Madrid,
Spain 2) Instituto Pirenaico de Ecologia (CSIC), Zaragoza,
Spain 3) Deutsches GeoForschungsZentrum Potsdam,
Potsdam, Germany 4) Museo Nacional de Ciencias
Naturales, (csic), Madrid, Spain * Juan
Pablo Corella, pcorella@iqgfr.csic.es

Lake Montcortes is a small (0.14 km? surface area, 30 m
deep) karstic lake located in the eastern Pre-Pyrenees
(NE Spain). The permanent anoxic hypolimnetic
conditions in this lake have favored the preservation of
finely annually laminated sediments in central-distal
areas of the lake basin for the last three millennia. Flood-
related detrital layers are interbedded within this varve
record. Annual number of these detrital layers was
compared against instrumental records of extreme daily
rainfalls (HR) (available since 1917) providing minimum
rainfall thresholds and return periods associated to the
occurrence of these detrital layers. The frequency
variability of these floods allowed us to quantify temporal
changes in HR events for the last 2,800 years in this
region and their correlation with negative phases of the
Mediterranean Oscillation (MO). Notably, scarce HR
dominated by a persistent positive MO mode
characterizes the so-called Migration period (CE 370-
670). Large hydroclimatic variability, particularly between
CE 1012 and 1164, singles out the Medieval Climatic
Anomaly, whereas stationary flood conditions between
CE 1537 and 1805 characterize the Little Ice Age. This
exceptional paleohydrological record highlights that the
present-day trend towards strengthened hydrological
deficit and less HR in the western Mediterranean is
neither acute nor unusual in the context of Late Holocene
hydrometeorological variability at centennial to decadal
time scales.

ID: 01774, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Widespread speleothem evidence for the synchronous
timing of millennial-scale climate events

Ellen Corrickl, Russell Drysdalel, John Hellstromz, Eric
Wolffa, Dominik FIeitmann4, Emilie Caprons, Isabelle
Couchoud® 1) School of Geography, University of
Melbourne 2) School of Earth Sciences, University of
Melbourne 3) Department of Earth Sciences, University
of Cambridge 4) School of Archaeology, Geography and
Environmental Science, University of Reading 5) Centre
for Ice and Climate, Niels Bohr Institute, University of
Copenhagen 6) UMR CRNS 5204 EDYTEM Laboratoire,
Université Savoie Mont Blanc
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* Ellen Corrick, ecorrick@student.unimelb.edu.au

Speleothems are a key tool for improving our
understanding of abrupt climate changes associated with
last glacial millennial-scale climate events. Precise and
accurate uranium-thorium dating enables extremely
high-resolution and precisely constrained chronologies of
the events to be assembled. The wide geographic
distribution of speleothems permits the expression of the
events in various climate regions to be discerned.
Numerous speleothem records have been published, yet
until now, the incidence, timing or expression of
millennial-scale climate events in these records has not
been rigorously compared.

Here we compare the timing of the onset of interstadial
conditions in over 50 speleothem records. To correct for
potential inconsistencies between data sets, all records
were standardised by recalculating the uranium-thorium
ages using the latest decay constants and performing an
optimal correction for detrital thorium. Additionally,
depth-age relationships were remodelled using a
Bayesian Monte Carlo based age-modelling technique to
produce a revised chronology for each record. The onset
of interstadial conditions were identified in an identical
manner to their official definition in the NGRIP record.
Statistical methods were then employed to compare the
timing of the events between records.The results of this
work indicate that the majority of interstadial events
occur synchronously in speleothem records from Asia,
Europe and South America. The few records that exist
from Australasia or southern Africa do not exhibit a clear
Greenland-like signal. Such generally synchronous timing
implies a very rapid propagation of the events between
multiple climatic regions, suggesting a strong
atmospheric influence. The demonstrated ability of
speleothems to precisely record these events reinforces
the strength of speleothems as archives of abrupt climate
change. In addition, it highlights the potential to obtain
precise speleothem ages that can be used to anchor the
Greenland ice-core record in radiometric time and
thereby improve the chronological precision of
millennial-scale climate events.

ID: 01997, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Evidence for a Holocene Climatic Optimum in the
Southwest Pacific: a multiproxy study

Giuseppe Cortesel, Joe Prebblel, Helen Bostockz,
Andrew Lorreyz, Bruce Hayward3, Eva Calvo4, Lisa
Northcotez, George Scottl, Helen Neil® 1) GNS Science,
Lower Hutt (New Zealand) 2) NIWA, Wellington (New
Zealand) 3) Geomarine Research, Auckland (New
Zealand) 4) Institute of Marine Sciences, Barcelona
(Spain) * Giuseppe Cortese, g.cortese@gns.cri.nz
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According to recent global compilations, the mid-
latitudes (30-60°S) of the Southern Hemisphere
experienced an early Holocene peak in surface

temperatures, which were on average 1°C warmer than
present between 11-7 ka. In the southwest Pacific the
sparse published data for the early Holocene show sea
surface temperature up to 3°C above present, but the
timing of peak warmth appears to have varied across the
region.

This new study samples a latitudinal transect of
southwest Pacific sediment cores from 37-60°S across the
early to middle Holocene, from subtropical waters north
of New Zealand to polar waters in the Southern Ocean.
Using a range of paleo-proxy data, we reconstruct the
circulation and position of the main frontal systems in the
southwest Pacific and Southern Ocean during the early-
mid Holocene.

Our results show the early Holocene was characterised by
a small warming at core sites south of the Subtropical
Front. Our preferred model is for a broader, more diffuse,
Subtropical Front zone waters south of New Zealand, and
reduced flow of Subantarctic Surface water across the
Pukaki Saddle into the Bounty Trough during this early
Holocene interval. This was most likely driven by weaker
westerly winds in this part of the Southern Ocean during
the early Holocene, compared to the middle Holocene.
An analysis of the paleo-SST data collated in this project
using the Past Interpretation of Climate Tool (PICT)
supports this model.

ID: 02239, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)

“Mega” Green Sahara Periods? Evidence for and drivers
of prolonged intervals of North African humidity in the
Late Pliocene and Early Pleistocene

Anya J. Crockerl, Amy M. Jewelll, Rachael E. Kretsis
Jamesl, Thomas Westerholdz, Ursula Rt’ohlz, Rachael H.
Jamesl, Colin P. Osbornes, David J. Beerlinga, Paul A.
Wilson' 1) University of Southampton 2) MARUM -
University of Bremen 3) University of Sheffield
* Anya Crocker, anya.crocker@noc.soton.ac.uk

The climate of North Africa during the late Neogene was
punctuated by numerous “Green Sahara” periods (GSPs)
when much of the region was well vegetated and cross-
cut by a network of rivers and lakes. GSPs are thought to
be driven by increased monsoonal precipitation during
times of high summer insolation and may have played a
role in the migration and evolution of hominids. ODP Site
659, located on the Cape Verde Rise, has been shown to
preserve an excellent record of terrigenous input from
North Africa, allowing continuous, multi-million year
reconstructions of continental climate evolution. Here we
present new high-resolution proxy records of dust
accumulation and provenance (derived from XRF core
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scan data and radiogenic isotopes) coupled with multi-
species foraminiferal stable isotopes to reconstruct
surface ocean properties, using a 200 m-long revised Site
659 composite section extending back to 11 Ma. Our data
show that strong orbitally forced alternations between
humid GSP climate states and arid climate states with
significant dust export persist back to the late Miocene.
Most GSPs have an estimated duration of ~10 kyr. Our
records, however, also indicate the presence of three
unusually prolonged humid intervals or “Mega Green
Sahara Periods” during the late Pliocene/early
Pleistocene that correspond to intervals of low amplitude
modulation of orbital forcing. During these times,
Saharan/Sahelian hydroclimate became ‘stuck’ in a
humid state for between 40 and 120 kyr despite
intermediate levels of insolation forcing, which may have
had important consequences for the evolution and
dispersion of early hominids. This hysteresis behaviour
implies the operation of strong positive feedback effects,
possibly associated with soil moisture and vegetation.

ID: 01865, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Abies alba in the Pyrenees: paleoenvironmental and
high spatial precision studies to understand past and
current distribution

Raquel Cunill Artigas', Albert Pélachs Mafiosa’, Joan
Manuel Soriano Lc’)pezl, Ramon Pérez Obiol’ , Juan Carlos
Garcia Codrén®, Virginia Carracedo Martin® 1) GRAMP
(Grup de Recerca en Arees de Muntanya i Paisatge),
Departament de Geografia, Universitat Autonoma de
Barcelona 2) GRAMP (Grup de Recerca en Arees de
Muntanya i Paisatge), Unitat de Botanica, Departament
de Biologia Animal, de Biologia Vegetal i d'Ecologia,
Universitat Autonoma de Barcelona 3) GIMENA (Grupo
de Estudio y Gestion del Medio Natural) Departamento
de Geografia, Urbanismo y Ordenacién del Territorio
Universidad de Cantabria * Raquel Cunill
Artigas, cunillraquel@gmail.comThe knowledge we have
today of the environmental geohistory of fir (Abies alba)
shows that its current distribution in the Pyrenees (and in
all Europe) is much smaller than at other times of the
Holocene period. In addition, we know that the area that
could potentially be populated by this species today,
according to the suitability indexes determined by
topoclimatic models, is much wider than the actual
distribution. To explain the peculiar current distribution
we must go back to the paleo-climatic history, to study
how anthropogenic and climatic factors have interacted
with this species during the last 10,000 years. Interesting
guestions are still unanswered in the Pyrenees: Which
were the refuge areas? Which were the paths of
postglacial migration? Or which has been the role of
human activity and climate on the species’ past and
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current distribution?The project we present was born
with the aim to shed some light on these questions. Our
approach is interdisciplinary, but we focus in this study
on soil charcoal analysis. Initial results of the first
pedoanthracological study areas show us distribution
variations at topographic and altitudinal level during the
Holocene period. These results, then, lead us to debate
the current distribution range of Abies alba.

ID: 01579, 01.- Open Session on past global changes,
(Oral)

Hadley Circulation extent and width in a wide range of
simulated climates

Roberta D'Agostinol, Ori Adamz, Piero Lionellos, Tapio
Schneider® 1) Max Planck Institute for Meteorology 2)
Hebrew University 3) University of Salento 4) California
Institute of Technology
* Roberta D'agostino, roberta.dagostino@mpimet.mpg.d
eUnderstanding the Hadley Circulation (HC) response to
global warming is crucial because it determines climatic
features such as the seasonal migration of the ITCZ, the
extent of subtropical arid regions, and the strength of the
monsoons. In this study, we analyse the extent and the
strength of the Hadley Circulation (HC) in a wide range of
climate conditions covering simulations of the Last Glacial
Maximum, Mid-Holocene, Pre-Industrial, the 20th
century and RCP4.5 and 8.5 global warming scenarios.
Including paleoclimate simulations allow us to investigate
substantially larger signal than that considered in
previous studies, making our results robust. Changes in
the extent and strength of the southern and northern
hemisphere HC are associated with changes in global-
mean sea surface temperature, tropical tropopause
height, subtropical static stability and meridional
temperature gradient. Most changes in HC extent and
strength are primarily related to the subtropical static
stability, which correlates with global-mean surface
temperature. Changes in the meridional temperature
gradient play a less important, but not negligible role,
especially in the northern hemisphere and during the
Mid-Holocene. The large spread across models, in
particular in the Last Glacial Maximum and RCP8.5
simulations, prevent reaching clear conclusions for the
strength of the HC in the southern hemisphere winter.
The multivariate regression model, built using as
predictors the meridional temperature contrast, the
subtropical static stability and the tropical tropopause
height cannot explain about 40% and 95% of the total
variance of northern HC edge and southern HC strength,
leading us to argue that the theory describing HC changes
is still lacking.

ID: 02007, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)
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Comparing climatic variabilities and intensities of
Quaternary Interglacials using stable isotopes in NW
European calcareous tufa deposits from MIS11, MIS5
and the Holocene

Julie Dabkowskil, Nicole LImondin—Lozouetl, Pierre
Antoine', Julian Andrews’ 1) Laboratoire de Géographie
Physique : Environnements Quaternaires et Actuels (UMR
CNRS 8591), Meudon, France 2) School of Environmental
Sciences, University of East Anglia, Norwich, United
Kingdom * Julie Dabkowski, julie.dabkowski@Igp.cnrs.fr

Calcareous tufas are key-deposits for palaeoclimatic
reconstructions of interglacials, since they are
characteristic of temperate periods and result of calcite
precipitation from meteogene water. At decade scale
sampling resolution, variations in the §'°0 of tufa calcite
record variations in the &0 of regional rainfalls,
depending on source or amount effects and on air
temperature. Variations in the 8"C indicate changes of
ambient moisture (linked to biomass type/abundance)
and rainfall amount.

Using our data from sites assigned to MIS11, MIS5 and
the Holocene, from France, England and Luxembourg, we
investigate similarities or differences between these
interglacials. While warm and wet optima are clearly
identified during MIS11 and MIS 5e, Holocene records
have a distinct pattern. Diachronic comparisons show
similar to slightly warmer conditions during MIS5e
compared to the Holocene, while MIS11 interglacial
appears clearly warmer. Both MIS5e and MIS11 were
wetter than the Holocene, especially when comparing
optima. In terms of amplitude, ambient moisture
recorded during MIS5e shows little variations compared
to MIS11 and the Holocene. These differences may have
affected continental species distribution as observed in
mollusc expansion and diversity.

ID: 01803, 26.- Data Stewardship for Paleoscience, (Oral)
“Save our Marine Annually-resolved Proxy Archives”

Emilie Dassiél, Kristine DeLongZ, Halimeda Kilbournes,
Branwen Williams® 1) LOCEAN, Université P. et M. Curie,
4 place Jussieu 75252 Paris cedex 05 (France) 2) Louisiana
State University, Department of Geography and
Anthropology, Baton Rouge, LA 70803 (USA) 3) University
of Maryland Center for Environmental Science, Solomons,
MD 20688 (USA) 4) Claremont McKenna-Pitzer-Scripps

Colleges, Claremont CA 91711 (USA)
* Dassie Emilie, e.dassie@gmail.com
Marine annually-resolved proxy archives (MARPA),

including corals, mollusks, coralline algae, sclerosponges,
varved sediments, etc., are critical sources of
paleoclimate information. From this ever-increasing array
of natural archives, the paleoclimate research endeavor
has produced a critical mass of data. Those data are not
only used within the paleoclimatology community but
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also by other communities including statisticians,
modelers, data assimilators, anthropologists, ecologists,
historians, and policy makers. Conducting more and more
data intensive research, on various temporal and spatial
scales, requires the ability to efficiently probe large sets
of diverse data. This creates a need for improving
standards to promote cyberinfrastructure that enables
use and reuse of both our physical samples and the data
derived from them. As we are moving into the era of big
data in paleoclimate research, this is an important time
for each geoscience community to stand up and voice
their needs for shaping cyberinfrastructure in Earth
Sciences. It is therefore critical for the MARPA science
community to increase accessibility to data and
specimens while creating a lasting legacy for future
research. The MARPA project is a grassroots effort by the
community, for the community and other users seeking
to build consensus on data and sample archiving
procedures, working with existing and new data
repositories to ensure that the needs of our community
are represented.

ID: 01839, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Instabilities of the SAM teleconnection and implications
for SAM reconstructions over the past Millennium

Christoph Détwylerl, Raphael Neukom', Martin
Grosjeanl, Ricardo ViIIaIbaZ, Ailie GaIIanta, Martin
Jacques-CoperS, David Karoly4 1) Institute of Geography
and Oeschger Centre from Climate Change Research,
University of Bern 2) Instituto Argentino de Nivologia y
Ciencias Ambientales,CCT-Mendoza 3) School of Earth,
Atmosphere and Environment, Monash University 4)
School of Earth Sciences and ARC Centre of Excellence for
Climate System Science, University of Melbourne 5)
Departamento de Geofisica, Universidad de Concepcion
* Christoph Datwyler, christoph.daetwyler@giub.unibe.c
h

The climate of the different continents in the southern
mid- and high latitudes is strongly influenced by large-
scale modes of climate variability, such as the Southern
Annular Mode (SAM). Climate reconstructions over the
last centuries show remarkable differences between
these regions, suggesting considerable variability in the
strength of teleconnections. Although changing
teleconnections can have severe implications for future
climate projections, systematic analyses on multi-decadal
and longer time scales are largely missing. In addition,
non-stable teleconnections are problematic when
interpreting paleoclimate data, since most reconstruction
techniques are not able to capture teleconnections and
climate modes which were not experienced in the
calibration period.

The influence of the SAM on regional climates varies
across the Southern Hemisphere’s (SH) continents.
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Factors such as tropical variability, changing greenhouse
gas concentrations or ozone depletion modulate this
influence and modify its temporal stability. We use
several different methods such as Kalman Filters and
running correlations to assess the stability of SAM
teleconnections.  Preliminary  results based on
instrumental and reanalysis datasets show that temporal
instabilities are not consistent across the SH land areas.
This suggests that the influence of the SAM index is
modulated by regional effects in each continent. As a
consequence, proxy records from a single sub-domain
may not be representative for the commonly used
hemispheric SAM index. And above all, reconstructions of
the SAM index, based on paleoproxy data from regions
where instabilities have been detected, may have larger
uncertainties than assumed. However, within key regions
of relatively good proxy coverage in South America,
Tasmania and New Zealand, the teleconnection is mostly
stable over the instrumental period. We use high
resolution climate proxies, selected based on the results
of the stability analysis to perform updated SAM
reconstructions. Temporal discrepancies between our
new and existing reconstructions point to changing
teleconnection patterns.

ID: 01868, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Changes in prehistoric forest composition in the Upper
Midwestern United States in the last 2000 years

Andria Dawsonl, Christopher Paciorekz, Jason
McLachIana, Simon Goring4, Stephen Jacksons, Jack
Williams* 1) University of Arizona, Tucson, Arizona, US 2)
University of California, Berkeley, Berkeley, US 3)
University of Notre Dame, South Bend, Indiana, US 4)
University of Wisconsin - Madison, Madison, Wisconsin,
US 5) University of Arizona and United States Geological
Service, Tucson, Arizona, us
* Andria Dawson, andria.dawson@gmail.com

Terrestrial ecosystems play an important role in Earth
systems processes, yet it is not well understand how they
respond to changes in climate. While it has been argued
that terrestrial ecosystems were fairly stable (by
Quaternary standards) in the millennia before major
anthropogenic disruption, others have emphasized
vegetation response to environmental variability during
this time. These competing perspectives are not
necessarily in conflict, but argue for a quantitative
assessment of forest ecosystem variability over the last
several millennia.

Here we reconstruct maps of forest composition for the
upper midwestern United States for the last two millenia,
with uncertainty. To do this, we use a network of fossil
pollen records. We link the fossil pollen records to public
land survey forest composition using a Bayesian
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hierarchical model which accounts for key processes
including pollen production and dispersal (Dawson et al.,
2016; Paciorek et al., 2009). Model -calibration is
performed using pre-settlement data, minimizing
anthropogenic impacts on the pollen-vegetation
relationship. Process parameters estimated during
calibration are subsequently used in prediction of relative
species composition across the upper Midwestern US
over the last 2000 years, with robust uncertainty
estimates.

These novel estimates of forest composition and
uncertainty improve our understanding of forest change
in this region in both space and time. First, we see
increases in hemlock composition especially along the
western range boundary. Second, we find that the
savannah/closed-forest ecotone has remained largely
stable. Third, we see the emergence of a distinct forest
community known as the Minnesota Big Woods at
approximately 500 years before present. These changes
are significant in both a statistical and ecological sense,
but the scale of these changes is small relative to changes
in the early Holocene. The developed spatio-temporal
composition estimates are being used to improve the
forecasting capabilities of ecosystem models.

ID: 01753, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction

Palaeolake Mannum - a high-resolution record of
Holocene streamflow from the Murray Darling River
Basin, and a proxy for Southern Hemisphere
hydroclimate

Elyssa De Carlil, Tom Hubblez, Dan Pennya, Dave
Petley4, Tom Jobs, Rebecca Hamilton 6, Samantha
Clarke7, Patricia Gadd8, Helen Brandg, Anna
Helfensdorfer *° 1) The University of Sydney 2) The
University of Sydney 3) The University of Sydney 4) The
University of East Anglia 5) The University of Sydney 6)
The University of Sydney 7) The University of Sydney 8)
Australian Nuclear Science and Technology Organisation
9) Australian Synchrotron 10) The University of Sydney
* Elyssa De Carli, elyssa.decarli@sydney.edu.au

The 1.07 million km”> Murray-Darling River Basin (MDB)
drains 14% of Australia’s landmass and represents one of
Australia’s most important and contentious
environmental management and water security
challenges. The Murray and Darling River catchments
extend from the sub-tropics to the mid latitudes of
eastern Australia (EA), with Basin precipitation driven by
distinct synoptic-scale oceanic-atmospheric processes.
Current palaeoclimate reconstructions draw heavily upon
terrigenous sediment flux to offshore marine archives
(MDO03-2607, MD03-2611) as a proxy for Basin
palaeodischarge and, by implication, EA’s hydroclimatic
variability.
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Here we report the discovery of a laminated deposit at
the terminus of the MDB, preserved within a previously
unrecognised Holocene palaeolake, which we term
Palaeolake Mannum. The deposit reflects the hydrologic
regime of a large part of continental Australia, providing
the first in-situ high-resolution archive of palaeodischarge
from the MDB system, from which evidence of synoptic-
scale Southern Hemisphere climate forcing may be
decomposed.

We suggest that the evolution of Palaeolake Mannum is
part of the global geomorphic response of incised-valleys
to post-glacial eustatic sea level rise. An abrupt jump in
early Holocene sea level in response to Melt Water Pulse
1C has been recorded at the mouth of the world’s rivers
through accelerated backstepping and rapid aggradation
of incised-valley-fill systems, and as sea level stabilised,
through worldwide delta initiation. It follows that
sequestration of terrigenous sediment within Palaeolake
Mannum would have strongly reduced sediment supply
to the offshore marine record (MD03-2607, MD03-2611),
confounding palaeoclimate reconstructions which draw
upon the record to infer Holocene aridity. This discovery
has significant implications for the widespread use of
terrigenous sedimentation in offshore marine archives as
robust records of climatic variability.

ID: 02023, 18.- Human Impact on Global Aquatic Systems,
(Oral)

Combining subfossil Chironomidae and Cladocera
remains to evaluate the effect of fish introductions on
palaeolimnological records in mountain lakes

Guillermo de Mendozal, Laurent Milletz, Damien Riusz,
Anaélle Simonneau3, Guirec OIIivierl, Magali PhiIippel,
Didier Galop1 1) Laboratoire GEODE UMR 5602 CNRS
Labex DRIIHM, Toulouse, France 2) Laboratoire Chrono-
Environnement UMR 6249 CNRS, Besancgon, France 3)
Institut des Sciences de la Terre d'Orléans UMR 7327
CNRS, Université d’Orléans, BRGM, France * Guillermo De
Mendoza, guillermo.de-mendoza@univ-tlse2.fr

Mountain lakes are cold and nutrient-poor ecosystems
with scarce buffering capacity which are very sensitive to
changes both in air temperature and large-scale nutrient
transport. Also, mountain lakes have developed a
significant role for the economy of human local
populations during the past centuries, particularly in
regards to their usage as fish suppliers. As such, not only
temperature and nutrient transport, but also fish
introductions, may play a significant role in shaping the
ecological communities inhabiting mountain lakes.
Because fish introductions in previously fishless lakes
have been performed for centuries (in some cases dating
back to the XIV century), it is interesting to analyse their
effects on palaeolimnological records, compared to that
of climate and/or nutrient enrichment. This question is
relevant to adjust management strategies for mountain
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lakes, as well as for deciphering the effects of fish,
climate, and nutrient loading on palaeolimnological
records. Here, we propose the use of subfossil remains
(i.e. Chironomidae and Cladocera in combination) to
evaluate the effects of fish introductions on the
invertebrate communities in lakes. We first evaluated the
abundance and size of the ephippia of selected Cladocera
species, which may vary in response to fish predation
pressure. We then analysed the changes in chironomid
communities that could be potentially attributed to fish
introductions. We hypothesised that these changes may
be triggered directly (i.e. direct predation of fish on larger
and more visible chironomids) or indirectly (i.e. caused by
fish predation on zooplankton, hence indirectly
increasing phytoplankton and subsequently the organic
matter content in sediments from in-lake productivity).
We accompanied these results with estimates on the
organic matter content in sediments (e.g. LOIl, C/N) and
further stratigraphic analyses. Results are presented for
four small lakes in the Pyrenees located in the Haut
Vicdessos valley, where fish introductions began during
the mid XX century.

ID: 01962, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Short and late Holocene attainment of a full Atlantic
Meridional Overturning circulation

Anne de Vernall, Claude Hillaire-Marcel* 1) Geotop-
Université du Québec a Montréal (UQAM), Montréal,
Québec, Canada

* Anne De Vernal, devernal.anne@ugam.ca

In a recent article Rahmstorf and others (Nature Climate
Change 2015) document an "exceptional" reduction of
the Atlantic meridional overturning (AMO) during the late
20th century, and link it to enhanced freshwater fluxes
from the Greenland Ice Sheet (GIS). At the time scale of
glacial/interglacial climatic changes, the production of
deep to intermediate Labrador Sea Water (LSW), and
thus its contribution to a robust AMO, occurred during
few intervals only, in particular the present interglacial.
Earlier, we have documented the unlikeness of LSW
production during the previous interglacial (Hillaire-
Marcel et al., Nature 2001). Here, we show that a
modern-like AMO with contributions from subarctic seas,
including the Labrador Sea, started quite early during the
present interglacial (ca. 7 to 6.5 ka BP) in relation with
enhanced penetration of more saline North Atlantic
Waters into the basin. However, full production of LSW
only occurred after 4 ka BP, when the Greenland ice
sheet reached minimum volume (Vinther et al., Nature
2009) and Greenland/Arctic meltwaters export to the
Labrador Sea reached minimum values. Therefore, we
are tempted to link full LSW formation to the late
Holocene '"neoglacial' cooling of the northern
hemisphere, which culminated during the Little Ice Age,
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as illustrated by several recent studies (e.g., Kelly & Long,
PAGES News 2009; Briner et al., QSR 2016). A positive GIS
budget during the late Holocene interval might have
been critical for the reduction of GIS meltwater fluxes
and the inception of a full AMO. Accordingly, a further
weakening of the AMOC linked to enhanced GIS melting
rates suggested by Rahmstorf and others might indeed
be anticipated.

ID: 01519, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Reconstructing African Hydroclimate since the Last
Glacial Maximum via integrated Climate and Proxy
System Modeling

Sylvia Dee', James Russell'1) Brown

* Sylvia Dee, sylvia_dee@brown.edu

University

Climate models predict Africa will warm by up to 5°C in
the coming century, which will have a measureable
impact on hydroclimate and severely stress African
societies. Reconstructions of African paleohydrology
since the Last Glacial Maximum (LGM) have made
fundamental contributions to our understanding of past,
present, and future climate and help constrain general
circulation models (GCMs). Indeed, paleoclimate archives
provide the sole testbed for GCM simulations of climate
under different boundary conditions than exist
today. However, the confounding effects of proxy system
processes complicate our interpretations of past changes
in  tropical hydroclimate. These  proxy-specific
uncertainties require robust methodology for data-model
comparison.

In this study, we build a new proxy system model (PSM)
for paleolimnological proxies to facilitate data-model
comparison and to fully characterize uncertainties in
climate reconstructions. GCM simulations are then
coupled to the PSM to simulate lake temperatures,
hydrology, and associated proxy uncertainties. Using this
advanced data-model comparison framework, we
compare East African lake and air temperatures predicted
by our PSM and the PMIP 3 simulations of the LGM, the
mid-Holocene (6 kyr BP), and the pre-industrial, as well as
single-forcing transient climate simulations (LGM-
present) to our reconstructions. In doing so, we test the
sensitivity of African climate change to orbital,
greenhouse gas, and ice-sheet forcing in single-forcing
simulations, and investigate dynamical hypotheses for
these changes. The data-model comparison helps
evaluate GCM performance and provide dynamically
robust interpretations of hydroclimate records during key
transitions in African climate. Through this work we
provide new insight into the patterns, amplitudes,
sensitivity, and mechanisms of African hydroclimate
change.
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ID: 01758, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Last Interglacial Decadal to Seasonal Temperature
Variability in the Tropical Atlantic Warm Pool:
Comparison of Model and Coral-Based Reconstructions

Kristine DeLong1 , Gilman Ouellettel, Nathalie Goodkin? ,
Elinor Marting, Derek Rosenthals, Frederick Taylor4,
Chuan-Chou Shen® 1) Department of Geography and
Anthropology, Louisiana State University, 227 Howe-
Russell Geoscience Complex, Baton Rouge, LA 70803, USA
2) Earth Observatory of Singapore, Nanyang
Technological University, 50 Nanyang Avenue, Singapore,
639798, Singapore 3) School of Meteorology, University
of Oklahoma, 120 David Boren Blvd, Norman, OK, 73072,
USA 4) Institute for Geophysics, Jackson School of
Geosciences, University of Texas at Austin, J.J. Pickle
Research Campus, Building 196, 10100 Burnet Road
R2200, Austin, TX 78758, USA 5) High-Precision Mass
Spectrometry and Environment Change Laboratory
(HISPEC), Department of Geosciences, National Taiwan
University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617,
Taiwan, ROC 6) South Central Climate Science Center,
University of Oklahoma, 201 Stephenson Parkway, Suite
2100, Norman, OK 73019, USA

* Kristine Delong, kdelong@Isu.edu

The Last Interglacial (LIG; 117-128 ka), when sea level
was ~5 m higher than today, serves as an analog for
future climate scenarios yet only a few paleoclimatic
reconstructions with seasonal to decadal resolution exist
from this interval. Hispaniola is a desirable site for
producing sea surface temperature (SST) reconstructions,
as it is located in the northern sector of the Atlantic
Warm Pool (AWP), a primary moisture source for
precipitation in the Americas, and displays significant
correlations with SST and precipitation anomalies for
much of the tropical North Atlantic Ocean. Here we
present an early LIG (128.6 ka) monthly-resolved coral
Sr/Ca-SST  reconstruction from a  well-preserved
Siderastrea siderea subfossil coral spanning 75 years from
the northern coast of Hispaniola (19.9132N, 70.925°W).
We compare our LIG SST reconstruction with three
modern S. siderea microatolls, the longest spanning 84
years, recovered near Port-au Prince, Haiti (18.479070°N,
72.668659°W), as well as the CCSM3 125 ka LIG model
simulation spanning 300 years. We find similar SST
seasonal cycles (3.72C) in the LIG coral and simulation
that are greater than those in the modern Haitian corals,
observed SST, and CCSM3 20th century simulations. This
seasonal variability is consistent with the findings of
other LIG coral reconstructions in the tropical Atlantic
Ocean suggest that orbital insolation changes are driving
LIG SST seasonality. Furthermore, our LIG reconstruction
reveals larger decadal and interannual variability (2.8 and
3.09C, respectively) than the modern SST records and
coral reconstructions in the AWP yet similar variability is
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present in the LIG model simulation. This interannual and
decadal variability may reflect variations in the northern
extent of the AWP on these time scales, which may
covary with trade wind strength, westward moisture
transport to the Americas, and precipitation in the
Caribbean.

ID: 02027, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Invited Oral)

A high-resolution marine record of vegetation and
climate changes from Central Italy during the last five
millennia

Federico Di Rital, Giulia Margaritelliz, Fabrizio Lirerz,
Sergio Bonomoz, Antonio CasceIIa3, Fabio FIorindo4,
Pontus Conrad Lurcock4, Mattia VaIIefuocoz, Roberto
Rettoris, Donatella Magri1 1) Dipartimento di Biologia
Ambientale -Sapienza Universita di Roma, Piazzale Aldo
Moro 5, 00185 Roma, Italy 2) Istituto per I'’Ambiente
Marino Costiero (IAMC) — Consiglio Nazionale delle
Ricerche, Calata Porta di Massa, Interno Porto di Napoli,
80133, Napoli, Italy 3) Istituto Nazionale di Geofisica e
Vulcanologia, Via della Faggiola 32, 52126, Pisa, Italy 4)
Istituto Nazionale di Geofisica e Vulcanologia, Via di Vigna
Murata 605, 00143, Roma, Italy 5) Dipartimento di Fisica
e Geologia — Universita di Perugia, Via Alessandro Pascoli,
06123 Perugia, Italy

* Federico Di Rita, federico.dirita@uniromal.it

The new high-resolution pollen record from marine core
SW104_C5-C5, collected from the Gulf of Gaeta
(Tyrrhenian Sea), provides information on the vegetation
and climate changes occurred in the central
Mediterranean during the last 5500 years. Our data
outlines the effects of human pressure on the vegetation
development, as well as oscillations in the forest canopy
clearly influenced by climate changes. Between 5500 and
2500 cal. BP, the pollen record indicates that the Gulf of
Gaeta borderland was characterized by a Quercus-
dominated forested landscape. Between 2500 cal. BP and
the present day, the coastal territory underwent a
general process of forest reduction, related partly to an
increase of human pressure on the natural woodlands,
and partly to climate changes determined by the
combined action of the decrease of summer insolation at
the middle latitudes and the well-known cold/dry
oscillations of the last two millennia. The forest
vegetation development was punctuated by three major
phases of forest decline that correspond to Bond events
0, 2 and 3, and suggest clear teleconnections with the
North Atlantic climate. During the last two millennia,
alternations of short-term warm-wet and cold-dry
climatic phases are also documented in the planktonic
foraminifers. Between 2000 and 1500 cal. BP, a major
development of forest cover coupled with changes in the
foraminifera and isotope records point to a warm and



ABSTRACT BOOK

humid phase, as also reported in many sites of southern
Europe. In contrast, a major drop of forest cover between
1100 and 900 cal. BP seems linked to local effects of
cold/dry climate oscillations during the Middle Age.
During the Mainder Minimum, cold winters strongly
affected the development of broadleaved tree
populations and determined a major sea water cooling.
We acknowledge the Project NEXTDATA
(http://www.nextdataproject.it).

ID: 01515, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Local accidental fires during the industrialization of
northern Poland revealed by fire biomarkers in varved
lake sediments

Elisabeth Dietze’ , Michat Stowinski 2, Ellen C. Hopmans3 ,
Laura T. Schreuder3, Milena Obremska4, Anna
Piernczewska 5, Olivier Blarquez 6, Florian Ottl, Dariusz
Brykala’, Stefan Schouten®, Achim Brauer' 1) GFZ
German Research Center for Geosciences, Section 5.2
Climate Dynamics and Landscape Evolution, Potsdam,
Germany 2) Polish Academy of Sciences, Stanistaw
Leszczycki  Institute of Geography and Spatial
Organization, Warsaw, Poland 3) NIOZ Royal Netherlands
Institute for Sea Research, Department of Marine
Microbiology and Biogeochemistry, and Utrecht
University, Den Burg, Texel, Netherlands 4) Polish
Academy of Sciences, Institute of Geological Sciences,
Warsaw, Poland 5) Kazimierz Wielki University, Institute
of Geography, Bydgoszcz, Poland 6) Department of
Geography, University of Montreal, Montreal, Canada 7)
Polish Academy of Sciences, Institute of Geography and
Spatial Organization, Torun, Poland

* Elisabeth Dietze, edietze @gfz-potsdam.de

Fire is an important agent in global biogeochemical cycles
by inducing feedbacks between the Earth’s surface and
the atmosphere, and by altering vegetation patterns.
Some biomes are strongly affected by fires, while other
areas, e.g. the deciduous temperate forests, are not as
fire prone. Furthermore, fire has played a key role in
human development. As one of the main tools for
anthropogenic land cover change, fire helped to open
dense forests and to increase the productivity of soils,
e.g. by slash-and-burn practices.

To assess the role of forest fires in land cover change and
for human societies during the last 250 years, we
investigated multiple fire proxy records preserved in the
varved sediments of Lake Czechowskie in the Tuchola
forest, northern Poland. We present the first
interannually resolved, precisely dated record of the
cellulose-burning product levoglucosan and its isomers
mannosan and galactosan in organic-rich, seasonally
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laminated lake sediments. The potential of the new
molecular fire proxies is discussed by comparisons with
classical records of macroscopic and microscopic
sedimentary charcoal as well as with proxies for detrital
input, lake productivity and regional vegetation cover. In
light of analyses of historical documents and
reconstructions of regional climate, we hypothesize that
local accidental, low-temperature fires around AD 1850
contributed to major landscape fragmentation and
initiated governmentally regulated fire suppression in this
area.

ID: 01567, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

A multi-archive, multi-tiered reconstruction of
southeastern Australian hydroclimate variability over
the past 1200 years

Bronwyn Dixon®, Jonathan TerrZ, Benjamin Henley3,
Andrew Lorrey4, lan Goodwins, Joelle Gergis3, Russell
Drysdalel 1) School of Geography, University of
Melbourne, Melbourne, Australia 2) Department of Earth
Sciences, University of Adelaide, Adelaide, Australia 3)
School of Earth Sciences, University of Melbourne,
Melbourne, Australia 4) National Institute of Water and
Atmospheric Research, Auckland, New Zealand 5) Marine
Climate Risk Group and Department of Environment and
Geography, Macquarie University, Sydney, Australia
* Bronwyn Dixon, bdixonl@student.unimelb.edu.au

Hydroclimate variability has profound socioeconomic and
environmental impacts in Australia. Therefore, it is
important to understand the drivers and variability
through time. Recent efforts by the PAGES Aus2k working
group have identified a limited number (n=22) of high-
quality, non-annually resolved palaeoclimate records
covering the Australasian region over the Common Era,
the majority of which are hydroclimatically sensitive.
Nine of these records are situated in southeast Australia
(SE Australia), which is the most populated and
agriculturally intensive area of the country and has
experienced a decline in winter rainfall in recent decades.
The small number of records, in addition to the diversity
of archives, measured proxies, resolution, and robustness
of age model, emphasises the need to incorporate
uncertainty estimates in any data synthesis effort.  This
study combines multiple novel techniques to examine
inter- and intra-site coherency of climate signals within
the SE Australian records. First, new Bayesian age-depth
models are constructed to provide a consistent approach
to age modelling and quantification of uncertainty. As
with many palaeoclimate records, many of the SE
Australian records have multiple proxies measured from
one site. Differing sensitivities of proxies to regional
versus local conditions can be overcome by data
reduction techniques. Here, dominant modes of
variability are extracted using data-appropriate Monte
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Carlo Empirical Orthogonal Functions (MCEOF), and then
combined with time series of single-proxy records into
regional MCEOFs. Resulting regional modes minimise
local effects and highlight regional climate variability.
Identified modes show moderate agreement with a
published single-archive multi-tiered regional MCEOF
synthesis for the same region, as well as El Nifio-Southern
Oscillation and regional temperature reconstructions.
This approach demonstrates the importance of
incorporating age uncertainty in a consistent manner,
and the utility of data reduction methods. It highlights
the potential for acquiring coherent regional climate
signals from a sparse network of non-annually resolved
palaeoclimate archives from Australia.

ID: 01458, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

Signs of the Little Ice Age in Central Europe from AD
1500 compiled from various proxies

Petr Dobrovoln\'/l, Rudolf Brézdill, Lukas Dolékz,
Ladislava Reznickovéz, Oldrich Kotyza?’, Hubert
Valasek' 1) 1) Department of Geography, Masaryk
University, Brno, Czech Republic 2) 2) Global Change
Research Institute, Czech Academy of Sciences, Brno,
Czech Republic 3) 3) Regional Museum, Litomérice, Czech
Republic * Petr Dobrovolny, dobro@sci.muni.cz

The Little Ice Age (LIA) was a period of cooler climate
extending approximately from the 14th to the 19th
centuries between the Medieval Climatic Anomaly and
the onset of the recent Global Warming. Scientific
literature agrees on the fact that the start and end dates
of LIA vary regionally and that clearly expressed cold
intervals were separated with warmer conditions.

This contribution tries to synthetize several various
temperature, precipitation and drought proxy
reconstructions from the Czech Lands (recent Czech
Republic) with the main aim to create more consistent
description of climate variability during the past c. 500
years in Central Europe. First we characterize the
database that comprised mostly from documentary
evidence and tree ring data. Diverse documentary
sources, such as narratives, economic and other records,
were used to compile time series of temperature and
precipitation indices, consequently used for temperature
and precipitation reconstructions. Besides that, complete
series of phenological observations, such as the dates of
grain or vine harvest, were used to reconstruct
temperature and drought patterns.

Basic features of LIA in Central Europe are represented by
various time intervals of cooler and warmer climate on
the one hand and wetter and drier climate on the other.
Examples of such particularly warmer and drier period
can be the 1530s (with extreme 1540 year) or colder and
wetter conditions during the 1590s and 1690s.

Zaragoza, Spain, 9-13 May 2017

41

PAGES —OSM 2017

Outstanding extreme weather events during LIA in
Central Europe are briefly mentioned and our findings are
discussed with respect to climate forcings in wider
European context.

ID: 01374, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

The last hunter-gatherers in western Mediterranean.
Research possibilities vs. environmental constrains: the
Ebro Basin case study (NE Spain)

Rafael Domingol, Alfonso Aldayz, Lourdes Montesl,
Penélope Gonzdlez Sampériz3 , Maria Sebastian®, Adriana
Sotoz, Josu Aranbarriz, José Luis Peﬁal, Maria Marta
Sampietro®, Pilar Utrillall) Universidad de Zaragoza 2)
Universidad del Pais Vasco 3) Instituto Pirenaico de
Ecologia-CSIC 4) CONICET

* Rafael Domingo, rdomingo@unizar.es

The last forty years have been a fructiferous time for the
archaeological study of the Late Pleistocene and the
Early/Middle Holocene periods in the Iberian Peninsula,
and especially in long-time forgotten regions like the Ebro
Basin. The almost total lack of previous fieldworks,
although regrettable, has allowed the creation of a
current discourse non-dependant of old clichés.
Moreover, the historical reconstruction has evolved in
parallel to in-depth researches in the fields of
palaeoclimate and environment, which has produced
great benefits to our understanding of the prehistoric
past.

Since the early seventies, more than forty sites have been
discovered and excavated in the Basin, offering an
accurate view of the period. Our knowledge is based also
in a multi-proxy approach that involves the study of lithic
technology and raw materials, faunal and vegetation
remains as well as geomorphological and spatial
archaeology researches. Nevertheless, we are aware that
our research faces almost insurmountable problems.

A number of elements difficult obtaining a more detailed

perspective: first of all, the impossibility to find
archaeological sites in some particular areas (e.g.,
precisely the Central Basin). There, massive

erosive/cumulative processes from the Middle Holocene
onwards have destroyed and/or buried the locations
where those hunters could have settled, sometimes
under several meters of sediments. Second, however
much we excavate, we will never know how the sites
were extensive and which the network of dwelling places
profited by prehistoric groups was. Finally, the
imprecision of the Y¢ calibration curves, the bad
conservation of organic materials in some areas and the
incompleteness of most of the archaeological fillings are
other problems that we must bear in mind when trying to
reconstruct the (pre)historic environment. This
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contribution, in the form of a SWOT analysis, will detail
the strengths and weaknesses of our current knowledge
of these crucial millennia.

ID: 02206, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

America: an
low frequency

Documentary sources from Latin
overlooked resource to understand
climate variability in the region

Fernando Doml'nguez-Castrol, Ricardo Garcia Herreraz,
Jose M. Vaquero 3, Sergio M. Vicente-Serrano 11)
Instituto Pirenaico de Ecologia, Consejo Superior de
Investigaciones Cientificas (IPE-CSIC) 2) Departamento de
Geologia Sedimentarea y Cambio Medioambiental,
Instituto de Geociencias IGEO (UCM-CSIC) 3)
Departamento de Fisica, Universidad de Extremadura
* Fernando Dominguez-

castro, f.dominguez.castro@gmail.com

The reconstruction of climate variability in the last
millennia in Latin America mostly relies on natural proxies
as tree-rings or ice cores which are more abundant along
the Andes cordillera and documentary sources scattered
in the region. Under the LOTRED-SA initiative, these data
have been assembled to reconstruct temperature and
precipitation at seasonal scale. However, one of the
limiting factors for these past climate reconstruction
efforts is the lack of instrumental data prior to 1960s in
most of the region. Consequently, the overlapping period
between proxies and instrumental data is usually short,
which limits the calibration and validation exercises.
Documentary sources can help to overcome some of
these problems, since they allow extending the
instrumental information with early instrumental series
and observational data (weather diaries). Additionally,
they are not limited to the Andean regions, thus
increasing the geographical coverage.

After several years working in the region we provide
three new examples of ongoing work with documentary
sources with different applications to reconstruct the
climate in the region:

Early Meteorological Records from Latin-America and
Caribbean (EMERLAC database): more than 300.000 early
instrumental observations have been rescued from 20
Latin-American countries from the 18th and 19th
centuries.

Quito rogation ceremonies: we have retrieved
hydrological extreme events from the Chapter Acts of
Quito, mainly rogations ceremonies (pro-pluvia and pro-
serenitate), during the colonial period. Extreme droughts
are next identified for the last 400 years.

The Felipe Zuiiga y Ontiveros weather diary provides
continuous daily meteorological information from 1%
January 1775 to 31" December 1786 for Mexico City. This
diary has allowed the characterization in a longer context
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of the “hungry year” (1785), an exceptional drought and
cold year with a severe impact in the society.

ID: 01493, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Fire in northern West Africa during the Holocene

Lydie Dupontl, Enno SchefuR' 1) MARUM - Center for
Marine Environmental Sciences, University of Bremen
* Lydie Dupont, dupont@uni-bremen.de

African savannah ecosystems burn frequently and fires -
natural or human laid - are important in their formation
and consolidation. At the transition to forested
ecosystems mesic African savannas would turn into
forest if fires were excluded. While the long-term
stabilizing effect of fire has been demonstrated, little is
known about the effects of fire at the dry end of the
savannah spectrum where the savannah might change
into desert. To investigate the interaction and phasing of
precipitation changes, vegetation shifts, and fire
occurrence in the West African Sahelian-Saharan
transition at the end of the African Humid Period, we
conducted a multiproxy study combining measurements
of stable isotopes of higher plant waxes with pollen and
micro-charcoal counts on marine sediments retrieved
offshore of Cape Blanc. We show that fires at the
northern limit of the savannah occurred more frequently
under wetter conditions due to higher fuel availability.
Interestingly, increased fire occurrence correlated to a
change in vegetation pointing towards selective burning
processes conditioning the ecosystem. With declining
precipitation burning aggravated the decline of the
vegetation cover and accelerated desertification. Our
study underlines the effect of fire as ecosystem-forming
agent during the mid-Holocene aridification of northern
Africa.

ID: 01709, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

“..and there came hail and fire mixed with blood”.
Volcanic impacts and early medieval cultural responses

Stephan Ebert" 1) TU Darmstadt,
* Stephan Ebert, ebert@pg.tu-darmstadt.de

Germany

Volcanic eruptions of high magnitudes are fascinating.
Due to their ‘climate cooling’ ability they may explain
periods of extreme cold. By bringing together archives of
nature and written evidence cultural responses to natural
impacts have been identified in the recent past. The
severe winter of 939/940 CE in Europe was argued to be
caused by a volcanic eruption in Iceland. At least this is
what the combination of ice core data (GISP2) and
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medieval historiography indicate as McCormick et al.
demonstrated in 2007. However, precise information
about cultural responses is scarce. Historiographers
mention a hard winter, an animal pestilence and famines,
but there is no definite reference to a volcanic eruption in
this case. Uncertainties remain. Basically, it was just cold.

This paper will examine the given winter by following
both, archives of nature and culture. Taking the evidence
from the ice core data as an initial point, uncertainties
concerning dating volcanic eruptions in both disciplines
will be discussed. The paper will then turn to an analysis
of further material from the natural sciences and the
humanities. It will examine historical accounts such as
chronicles and normative texts as well as
dendrochronological data to give a more precise
overview of the natural and cultural situation during the
time in question. Finally, the paper will ask for the
cultural responses to a volcanic impact and discuss the
socioeconomic consequences of the possible eruption in
terms of vulnerability and resilience of the early medieval
society in continental Europe.

ID: 02278, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Oral)

The interpretation of sedDNA records from soil samples:
examples from Svalbard and Siberia

Mary Edwardsl, Inger AIsosZ, Nigel Yoccozz, Eric
Coissac3, Mari Moora4, Tomasz Goslars, Ludovic GieIIy3 ,
John Davison4, James Hailes, Christian Brochmann7,
Martin Zobel4, Pierre Taberlet® 1) University of
Southampton 2) Tromso University 3) Univ. Grenoble
Alpes 4) University of Tartu 5) Poznan Radiocarbon
Laboratory, Adam Mickiewicz University 6) University of
Oxford 7) University of Oslo
* Mary Edwards, m.e.edwards@soton.ac.uk

DNA retrieved from ancient soil and sediment (sedaDNA)

can provide information about local vegetation
composition. Comparison of the modern sedDNA-
derived taxa in Svalbard soils with vegetation

composition in plots surrounding the sampling sites
indicates that the DNA record is highly local, mostly
reflecting plants growing within about 1.0 m. Some
filtering of the data (mainly, the removal of food- plant
contaminants and extremely rare sequences) is necessary
to obtain taxon lists that make biogeographical sense,
and some taxa that are present may be excluded, but the
resultant lists show high fidelity to the local
vegetation. The floristic sedaDNA information derived
from sediment sequences can be used to understand
past local patterns: local diversity levels, variation over
small (horizontal) distances and/or temporal (vertical)
periods, and dynamics of various functional groups.
Larger regional compilations of samples can be examined
for major shifts in plant functional types or biotic
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interactions in relation to major environmental
change. Furthermore, under the right preservational
circumstances, sedaDNA from soils and sediment related
to archeological sites have the potential to vyield
information about human use of plant species. Records
of taxa derived from sedaDNA from permanently frozen
sediment sequences in Siberia illustrate some of these
properties, including the composition of plant functional
types in glacial-age vegetation and shifting patterns of
mutualistic  relationships. Data indicate higher
proportions of forbs and lower plants in herbaceous
glacial-age herbaceous vegetation than suggested by
pollen records. Shifting patterns of the dominant types of
mutualism between the last glacial and the Holocene
may indicate disruptions of relationships with major
environmental change, such as deglaciation or the loss of
megaherbivores.

ID: 01330, 22.- Understanding past variations in
atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Oral)

Global foraminifera 613C database to assess changes in
the efficiency of the soft tissue pump on glacial-
interglacial timescales

Sarah Egglestonl, Olivier Cartapanisz, Samuel L.
Jaccard® , Eric D. Galbraith® 1) Institute of Environmental
Science and Technology, Universitat Autdonoma de
Barcelona, Barcelona, Spain 2) Institute of Geological
Sciences and Oeschger Center for Climate Change
Research, University of Bern, Bern, Switzerland 3)
Institute of Environmental Science and Technology,
Universitat Autonoma de Barcelona and Catalan
Institution for Research and Advanced Studies, Barcelona,
Spain * Sarah Eggleston, sarah.eggleston@gmail.com

The d**C of planktonic and benthic foraminifera over
glacial-interglacial timescales represents a convolution of
many processes, including the efficiency of the soft tissue
pump, a major driver of past carbon cycle. Here we use a
global database of more than 1000 individual records
from benthic and planktonic species to derive regionally
and vertically coherent signals over the last 150 kyr.

The data indicate relatively good agreement amongst
planktonic and shallow-dwelling (above 1500m) benthic
species at low latitudes; this signal also follows that of
the atmosphere closely. The signal common to all benthic
species at deep sites is in rough agreement with d**c of
planktonic species at high latitudes. These general
features are interpreted to reflect long term equilibrium
between surface waters and the atmosphere, and
relative isolation of the deep ocean, which intersects with
surface living planktonic foraminifers only at high
latitudes. At the same time, the marine soft tissue pump
acts (to a greater extent in the low latitudes) to increase
the vertical gradient of dc.
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We examine the evolution of the difference between
d®C of low-latitude shallow and deep benthic species as
a proxy for the efficiency of the soft tissue pump over the
last glacial cycle. The vertical gradient of d">C is highest,
indicative of increased soft tissue pump efficiency, during
Marine Isotope Stages (MIS) 6, 4 and 2, with smaller local
maxima during MIS 5d and 5b. The agreement of this
signal with previous hypotheses regarding changes in the
soft tissue pump on these timescales suggests that using
a geographically and species-diverse d**c dataset from
foraminifera may provide a reasonable proxy for this
major driver of the carbon cycling on glacial-interglacial
timescales.

ID: 01692, 01.- Open Session on past global changes,
(Oral)

Anthroecology and Anthromes: Theoretical and
Practical Tools for the Study of Anthropogenic Global
Change

Erle Ellis* 1) University of Maryland, Baltimore County
* Erle Ellis, ece@umbc.edu

Human transformation of landscapes couples social and
ecological processes. By uniting the social and
environmental sciences at the core of land system
science, anthroecology theory and anthromes provide a
useful global framework for understanding
anthropogenic landscape change over millennia.
Anthroecology integrates archaeological, anthropological,
ecological, and evolutionary frameworks in interpreting

the processes shaping long-term social-ecological
changes at landscape, regional and global scales.
Anthromes are useful for assessing, mapping and

visualizing these changes at regional and global scales.
This presentation will review the utility of anthroecology
theory and anthrome mapping as tools for understanding
the causes, consequences and dynamics of human
transformation and use of landscapes, with the goal of
highlighting new opportunities for research, applications
and education.

ID: 01375, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)
Patterns of climate change over the Common Era

Julien EmiIe-Geayl, Jianghao Wangz, Nicholas McKay3,
Dominique Guillot*, Bala Rajaratnam5 1) Department of
Earth Sciences, University of Southern California, Los
Angeles, CA, USA 2) The Mathworks, Inc. Boston, MA,
USA 3) School of Earth Sciences and Environmental
Sustainability, Northern Arizona University, Flagstaff, AZ,
USA 4) Department of Mathematics, University of
Delaware, DE, USA 5) Department of Statistics, University
of California, Davis, CA, USA  *Julien Emile-
geay, julieneg@usc.edu
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Reconstructions of surface temperature over the past
2000 years extend our knowledge of temperature
changes beyond the instrumental era, and thus allow for
the characterization of climate variability on multidecadal
to centennial timescales. This lends insight into
exogenous and endogenous sources of climate variability.
Here we reconstruct annual temperature based on the
latest incarnation of the PAGES 2k global multi-proxy
database and a new climate field reconstruction method,
GraphEM.

We find a globally warm Medieval period, but colder than
the late twentieth- century by 0.5 C. Unlike previous
studies, there is no evidence for a La Nifia-like pattern
over this period. With high probability (87%), the 1961 —
1990 period was the warmest 40-year period of the past
2000 years almost everywhere. The probability that the
rate of warming over the same period was
unprecedented is more spatially variable, though a
majority of locations also show the late twentieth-
century as anomalous in the context of the Common Era.

Reconstructed temperature shows a robust large-scale
cooling pattern shortly after a volcanic eruption; in
particular, over the North Atlantic Ocean, the cooling can
persist up to 3 years thereafter an eruption. The tropical
Pacific response is not statistically significant. Solar
irradiance forcing is found to be an important modulator
of multidecadal climate variability, with the strongest
solar response (0.25 C) in high latitude North America
and Eurasia, and a pattern suggestive of polar
amplification. These key features are echoed in multiple
GCM simulations of the last millennium (PMIP3), though
we find notable differences, in particular regarding the
timing of the post-volcanic ENSO response, and the
magnitude of the temperature response to solar
irradiance forcing.

The results suggest that there
discrepancy between simulated
climates of the last millennium.

is no fundamental
and reconstructed

ID: 01593, 18.- Human Impact on Global Aquatic Systems,
(Oral)

Ecosystem responses to anthropogenic changes in a
tropical flood pulse wetland, Tasik Chini (Malaysia)

Stefan Engelsl, Charlotte Briddonl, Simon Cheneryz,
Charlie JB Gowingz, Melanie J Lengz, Suzanne
McGowanl, Keely Millsz, Idris Mushrifaha, Virginia N
Panizzol, Muhammad Shafiqa, Chris Vanez, Handong
Yang4 1) University of Nottingham 2) British Geological
Survey 3) Universiti Kebangsaan Malaysia 4) University
College London

* Stefan Engels, stefan.engels@nottingham.ac.uk

Tropical areas are undergoing rapid environmental
change from the combined effects of climate change and
human impact on the landscape. However,
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understanding of tropical wetland ecosystem responses
to changing environmental conditions is limited by the
scarcity of well-dated palaeoenvironmental records. The
flood pulse wetland ecosystem Tasik Chini (Peninsular
Malaysia) is a designated UNESCO Biosphere Reserve site
and heavily promoted for ecotourism. Despite this, the
lake has been artificially dammed, and the catchment is
heavily disturbed by bauxite mining, rubber and oil palm
plantations. To investigate the effects of these different
anthropogenic drivers on the lake ecosystem we
retrieved sediment cores from three of the twelve
interconnected basins within the wetland, and analysed
them for a range of proxies. Pilot data suggest that
conditions in the wetland became more eutrophic along
with increases in sedimentation rates across all three
basins around the mid-20" century, associated with
large-scale catchment deforestation during World War 2.
A second transition occurred around the 1990s probably
as a result of multiple activities including the construction
of a weir, and the expansion of oil palm plantations and
mining. Cores from individual basins record localised
impacts of mining or land use change, indicating that
inter-basin comparisons are useful for differentiating
responses to contrasting stressors. Whilst our results
illustrate that the largest shifts in ecosystem structure of
Tasik Chini occurred during the 20" century, more subtle
indicators of earlier eutrophication of the wetland
suggest that human impacts in aquatic ecosystems of
Peninsular Malaysia may have started earlier than
previously assumed.

ID: 01739, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Invited Oral)

Larch species turnovers and vegetation change in the
arctic-boreal treeline ecotone during the Holocene

Laura S. Eppl, Stefan Krusel, Nadja J. Kathl, Ludmila
Pestryakovaz, Ulrike Herzschuh' 1) Alfred Wegener
Institute Helmholtz Centre for Polar und Marine
Research, Research Unit Potsdam 2) Institute of Natural
Sciences, North-Eastern Federal University of Yakutsk

* Laura Saskia Epp, lauraepp.nhm@gmail.com

The arctic-boreal treeline ecotone in Siberia is formed by
monospecific stands of three species of larch, Larix
sibirica, Larix gmelinii and Larix cajanderi. This area is
currently under severe climatic pressure, and changes in
forest density and extent are expected. Along with this,
the respective ranges of the treeline forming species are
projected to shift to the Northeast, which is only possible
through migration and displacement of existing
populations. Fluctuations in forest extent are known to
have previously occurred during the Holocene, and
investigations of these processes can aid our
understanding of the dynamics of larch forests and the
factors governing the distribution of the three species.
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While pollen records of Larix do not achieve a taxonomic
resolution below the level of genus, this can be
accomplished using genetic markers.

We used sedimentary ancient DNA to analyze lake
sediment cores spanning most of the Holocene from the
southern Taymyr peninsula, where the ranges of L.
sibirica and L. gmelinii come together. Changes of the
complete vegetation were revealed by DNA
metabarcoding and pollen analyses, while diagnostic
mitochondrial haplotypes traced the temporal dynamics
in distribution of the two closely related larch species.
Additionally, we incorporated these two species into our
larch population dynamics model LAVESI to understand
the influence of competition between these species.
Simulations were forced with regional climate series at
locations in the vicinity of the sampled lakes. These
analyses offer a high degree of resolution and shed light
on the complicated ecological processes leading to a
change in overall vegetation.

ID: 01742, 27.- The climate record of the past 5 million
years: from the seasonal cycle to Ice Ages, (Oral)

The tight link between oceanic meridional and zonal SST
gradients: implications for the Pliocene climate and
glacial cycles

Alexey Fedorovl, Natalie Burlsz, Kira Lawrence3, Laura
Peterson’ 1) Yale University 2) George Mason University
3) Lafayette College 4) Luther College

* Alexey Fedorov, alexey.fedorov@yale.edu

Two major characteristics define the mean climate of the
tropics — pronounced zonal (east-west) and meridional
(equator to mid-latitudes) gradients in sea surface
temperature (SST). These gradients control the
atmospheric zonal and meridional circulations and thus
Earth’s climate. Many studies have shown that global
cooling since the early Pliocene was accompanied by the
gradual strengthening of these gradients, even though
the actual magnitude of the reduction has been hotly
debated. An analysis of temperature trends over the past
5 million years show that changes in these gradients in
the Pacific followed each other very closely, reflecting a
tight one-to-one relationship between these two climatic
variables. To investigate this relationship we have
conducted simulations with a comprehensive climate
model (CESM) wherein we systematically reduce the
meridional temperature gradient by modifying cloud
albedo or atmospheric CO, concentrations. The zonal SST
gradient in the Pacific adjusts accordingly, so that the
induced temperature changes along the equator match
the imposed changes in the meridional gradient. In
effect, the upper-ocean circulation maps the meridional
temperature distribution onto the ocean vertical thermal
stratification and then onto the east-west SST
distribution along the equator. Consequently, the tight



ABSTRACT BOOK

relationship between the two SST gradients posits a
fundamental constraint that can help to resolve current
debates on changes in the tropics over the past 5 Million
years or so. For example, the prevalence of permanent El
Nino-like conditions (El Padre) in the early Pliocene is a
consequence of a significant reduction in the meridional
SST gradient. In contrast, small change in the equatorial
SST gradient during the LGM is consistent with the
relatively uniform cooling between 30°N and S in the
Pacific.

ID: 02182, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Last interglacial temperature seasonality reconstructed
from tropical Atlantic corals

Thomas FeIisl, William M. Brocasl, J. Christina Obertz,
Paul Gierzg, Gerrit Lohmanng, Denis Scholzz, Martin
Kéllingl, Madlene Pfeiffers, Sander R. Scheffers41)
MARUM - Center for Marine Environmental Sciences,
University of Bremen, Bremen, Germany 2) Institute for
Geosciences, Johannes Gutenberg University Mainz,
Mainz, Germany 3) Alfred Wegener Institute, Helmholtz
Centre for Polar and Marine Research (AWI),
Bremerhaven, Germany 4) Marine Ecology Research
Center, Southern Cross University, Lismore, Australia
* Thomas Felis, tfelis@marum.de

Reconstructions of last interglacial (~¥127-117 ka) climate
offer insights into the natural response and variability of
the climate system. However, the seasonal temperature
changes of the tropical ocean are not well known for this
time interval. Here we present well preserved fossil
shallow-corals recovered from the southern Caribbean
island of Bonaire. These corals have been precisely dated
by the 230Th/U-method to between 130 and 118 ka ago.
Annual banding of the coral skeleton enabled
construction of eight time windows of monthly resolved
Sr/Ca temperature proxy records. From these coral
records, sea surface temperature (SST) seasonality in the
tropical North Atlantic Ocean during the last interglacial
period is reconstructed. We detect similar to modern SST
seasonality of ~2.9 °C during the early (130 ka) and the
late last interglacial (120-118 ka). However, within the
mid-last interglacial, a significantly higher than modern
SST seasonality of 4.9 °C (at 126 ka) and 4.1 °C (at 124 ka)
is indicated. These findings are supported by transient
and time-slice simulations with a coupled atmosphere-
ocean general circulation model (COSMOS) and are
consistent with the evolving amplitude of orbitally
induced changes in the seasonality of insolation
throughout the last interglacial, irrespective of wider
climatic instabilities that characterized this period, e.g. at
~118 ka ago. The climate model simulations indicate that
the SST seasonality changes documented in our last
interglacial coral Sr/Ca records are representative of
larger regions within the tropical North Atlantic Ocean,
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and suggest that the reconstructed SST seasonality
increase during the mid-last interglacial is caused
primarily by summer warming. Furthermore, a 124 ka old
coral documents evidence of decadal SST variability in the
tropical North Atlantic during the last interglacial, akin to
that observed in modern instrumental records.

ID: 02274, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Natural and human-driven fire regime and land-cover
changes in Central and Eastern Europe

Angelica Feurdean® , Boris Vanniére® , Walter Finsinger 3 ,
M Adamek, P Bobek, M Bobrovsky, B Davis, A Diaconu, E
Dietze, B Deak, G Florescu, E Jamrichova K Kajukalo, J
Kaplan, D Kupriyanov, C Lemmen, E Marinova, K Marcisz,
E Novenko, D Rius, M Slowinski, S Veski, S Tonkov, O
Valké, | Vincze * 1) Senckenberg Biodiversity and Climate
Centre, Frankfurt am Main, Germany 2) CNRS, Chrono-
environnement, University Bourgogne Franche-Comté,
Besangon, France 3) Palaeoecology, ISEM (UMR 5554
CNRS/UM/EPHE/IRD), Montpellier, France 4) CEE team*
* Angelica Feurdean, angelica.feurdean@senckenberg.de

Fire is an important driver of terrestrial-ecosystem
functioning and land-cover changes. In Europe, people
have modified, or even driven fire dynamics over
millennia with significant impacts on land cover.
Compared to northwestern and central Europe,
significant deforestation in central-eastern Europe (CEE
thereafter) took place later. However, results from proxy
data suggest an earlier onset of forest-cover reduction
than vegetation models (LPJ-GUESS) and anthropogenic
land-cover change reconstructions such as KK10 and
Hyde 3.1. Determining the timing and the extent of
anthropogenic fires, and whether fire was responsible for
the mismatch between proxy- and models-based
reconstructions may  significantly advance our
understanding of land-cover changes. Although the
Global Charcoal Database (GCD) has allowed several sub-
continental to global syntheses of biomass-burning
trends, the lack of charcoal records in the relevant
databases has hampered syntheses of biomass-burning
changes in CEE. To fill this knowledge gap, we compiled a
new charcoal dataset from CEE consisting of more than
50 sedimentary micro- and macroscopic charcoal records
from published literature and yet unpublished records.
We assembled the records on sub-regions and produce
the first sub-regional fire syntheses covering a wide area
in CEE. The sub-regional composite records will be
evaluated in combination with other proxy-based and
modelled datasets of past climate, vegetation, and land-
cover changes to examine the patterns, drivers and
consequences of biomass burning over multiple spatial
and temporal scales in CEE. Specific questions to examine
concern the landscape transformation over time and the
role of fire in landscape management. Furthermore, the
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high-resolution macrocharcoal records will be used to
test how has fire regimes (frequency and severity /area
burnt) changed along with shifts in land-use strategies
and landscape fragmentation, thereby improving
knowledge on the human dimension of fire.

ID: 02013, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

The role of Middle to Late Holocene paleoclimate
change in Eastern Arctic prehistory

Sarah A Finkelsteinl, T Max Friesen’ 1) Department of
Earth Sciences, University of Toronto 2) Department of
Anthropology, University of Toronto
* Sarah Finkelstein, finkelstein@es.utoronto.ca

The eastern Canadian Arctic has been subject to
significant recent warming, sea ice decline, permafrost
thaw, as well as ecological and socio-cultural changes.
Archaeological and paleoclimate records provide an
opportunity to observe how human communities faced
environmental changes of the past. This region has a
complex 5000-yr prehistory, during which diverse and
dynamic cultures migrated over large distances.
Archaeologists ascribe these migrations, and associated
cultural-technological changes, to a variety of factors,
including climate. Here, we synthesize paleoclimate over
the middle and late Holocene derived from biological
proxies and geochemical tracers. We focus on the two
largest migration episodes documented in the
archaeological record: the Paleo-Inuit migration which
led to the initial occupation of the region, and the later
Thule migration eastward to Greenland from Alaska.
Changing climate has long been considered to have
influenced these aspects of Arctic pre-history. Since the
2007-2009 International Polar Year, considerable
advances have been made in reconstructing Arctic
paleoclimate. We integrate these new datasets to derive
improved estimates of the timing and magnitude of
climate change through pre-history. Our results show
some correlation between the Paleo-Inuit migration and
the Holocene Thermal Maximum although spatial
variability in timing and magnitudes of reconstructed
temperature changes over this time period, coupled with
the large distances covered by the migration, indicate
substantial capacity for adaptation to varying climate
regimes. Further, a series of more recent radiocarbon
dates have revised the eastward migration of the Thule
to approximately 800 cal yr BP (13th century AD),
corresponding to the terminal phase of the Medieval
Warm Period (MWP). Proxy-based reconstructions
indicate that the magnitude of temperature change
during the MWP was small relative to the Little Ice Age.
Coupled with the archaeological evidence, these results
suggest significant capacity for Thule to adapt to the
climate variability of the past millennium.
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ID: 01402, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Response of northern hemisphere environmental and
atmospheric conditions to (rapid) climate changes using
Greenland aerosol records from the Eemian to the
Holocene

Hubertus Fischer" , and the NEEM aerosol consortium® 1)
Climate and Environmental Physics, Physics Institute,
University of Bern 2) NEEM aerosol consortium
* Hubertus Fischer, hubertus.fischer@climate.unibe.ch

Climate in the northern hemisphere experienced
dramatic temperature and sea level changes over the last
glacial cycle with vast ice sheets expanding across North
America and Eurasia and pronounced rapid climate
changes occurring during the last glacial, the so called
Dansgaard Oeschger (DO) events. Moreover, the last
interglacial (Eemian) was warmer than today and may
provide guidance for implications connected to future
climate change scenarios. However, little observational
evidence exists about the response of environmental
parameters or atmospheric changes connected to these
climate variations.

Using new high-resolution chemistry records for mineral
dust, sea salt, and biogenic aerosol species from the
North Greenland Eemian Ice Drilling (NEEM) project over
the last 128,000 years and separating deposition from
source changes we are able to quantify both
glacial/interglacial and stadial/interstadial emission and
transport changes and relate them to the accompanying
environmental changes. This shows little influence of DO
climate changes on sea salt aerosol production in the
North Atlantic region and on aerosol tracer emissions
from North American vegetation, however, a strong
impact on dust liberation in Central Asian desert regions.
For the first time our new record allows us to also
compare environmental conditions in the Eemian with
the early Holocene.

ID: 02304, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Biotic response to centennial-scale climate variability in
Northwest Africa: Were there Holocene analogues for
current Cedrus atlantica dieback?

William FIetcherl, Jennifer Campbelll, Sebastien
Joanninz, Philip Hughesl, Steffen Mischke3, Christoph
Zielhofer® 1) Geography, School of the Environment,
Education and Development, University of Manchester,
United Kingdom 2) Centre de Bio-Archeologie et
d'Ecologie, Montpellier University, France 3) Faculty of
Earth Sciences, University of Iceland, Reykjavik, Iceland 4)
Institute of Geography, Leipzig University, Leipzig,
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Germany
* William Fletcher, will.fletcher@manchester.ac.uk

Palaeoecological records can provide critical insights into
the vulnerability of endangered terrestrial species to
climate change. Here, we assess the sensitivity of the
Northwest African endemic conifer Cedrus atlantica to
centennial-scale climate variability during the Holocene.
Based on new fossil pollen and stable isotope data from
the high-resolution, robustly-dated Lake Sidi Ali archive,
we assess the role of hydrological forcing in the species’
postglacial trajectory of colonization, dominance and
decline in the southern Middle Atlas, Morocco. While
significant vegetation response to centennial-scale
climate perturbation is recorded, strong aspects of
historical contingency are also evident, such that the
population level at any given time is a function of
population growth and survival during preceding climatic
perturbations. This inference is supported by a simple
mechanistic population model incorporating separate
thresholds for survival and regeneration (regeneration
niche concept) and forced by an environmental signal
with slow (orbital scale), medium (millennial) and fast
(centennial) oscillating components and a small amount
of random noise. Our findings suggest that anthropogenic
climate change during the 21% century, and conservation
responses, will have far-reaching consequences for the
long-term trajectory of this endangered montane species.

ID: 01327, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Holocene rapid climate changes reflected in NE and CE
European charcoal records

Gabriela FIorescul, Siim Veskiz, Angelica Feurdean® 1)
Stefan cel Mare University, Suceava, Romania; Babes-
Bolyai University, Cluj-Napoca, Romania 2) Institute of
Geology, Tallinn University of Technology 3) Senckenberg
Biodiversity and Climate Research Centre BIK-F, Frankfurt
am Main, Germany; Babes-Bolyai University, Cluj-Napoca,
Romania

* Gabriela Florescu, gabriella.florescu@yahoo.comThe
Holocene climate has undergone several marked short-
term variations i.e., climate shifts occurring within
centuries or even decades, known as rapid climate
changes (RCCs). Evidence from multiple records indicates
a wide-ranging manifestation of RCCs in Europe, with
contrasting spatial characteristics and impacts. However,
little is known about the spatial sensitivity of fire activity
to short-term Holocene climatic variations. Here we
explore the evidence of Holocene rapid climate changes
in three high resolution macroscopic charcoal records
from CE and NE Europe, with the purpose to examine
similarities and differences in the timing and trends of
fire activity. Specifically, we compare burning responses
to RCC’s between the more humid and more continental
parts of Eastern Europe, also taking into account

Zaragoza, Spain, 9-13 May 2017

48

PAGES —OSM 2017

vegetation dynamics from published literature as a
general estimation of fuel abundance.Our charcoal
records show evidence for increases in fire activity at all
sites, centered on 8.2 ka, 5.1 ka, 3.9 ka, 2.6 ka, 1.1 ka and
last 200 yrs. However, intervals of rapid climate change
are marked by high amplitude increases in the NE Europe
charcoal record, whereas in the CE European records this
pattern is visible with lower amplitude. Our insight in the
spatial and temporal relationships between RCC’s and
past fire activity might contribute to a deeper
understanding of the impacts of future climate changes
on biomass burning.

ID: 02108, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Seasonal spatial pressure reconstructions

Antarctica since 1905

across

Ryan Fogtl, Chad Goergensl, Julie Jones® 1) Department
of Geography and Scalia Laboratory for Atmospheric
Analysis, Ohio University, Athens, Ohio, USA 2)
Department of Geography, University of Sheffield,
Sheffield, UK * Julie Jones, julie.jones@sheffield.ac.uk

Much research has been focused on Antarctic climate
change in recent decades, with considerable focus on
temperature trends across the continent. A growing body
of literature however is demonstrating the relationship
between the atmospheric circulation in the Southern
Hemisphere and its effects on climatic change over the
Antarctic continent and the Southern Ocean.
Unfortunately, prior to the modern satellite era, global
reanalyses are not reliable in the high-southern latitudes,
given the very little in situ data to constrain the reanalysis
model solutions across the high southern latitudes. To
overcome these obstacles, spatial pressure
reconstructions based on kriging over the entire Antarctic
continent were performed back until 1905. The spatial
reconstruction is essentially an interpolation of pressure
reconstructions at key Antarctic stations. Compared to
ERA-Interim reanalysis after 1979, the skill remains very
high for austral summer and austral winter, following
these station pressure reconstructions. Unfortunately,
the skill is lowest in the Amundsen Sea, due to the high
interannual variability there, and no available station
data. Nonetheless, when considering the atmospheric
circulation changes over the entire twentieth century,
changes over Antarctica are characterized by large
interannual variability, with recent persistent and unique
trends only in austral summer. This highlights the strong
role of natural variability in the Antarctic climate system,
and continues to demonstrate the challenges in
understanding and attributing recent changes without a
longer historical context. Please note that the presenting
author will be J Jones
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ID: 02181, 06.- Before and after - climate contrasts across
the MPT, (Oral)

Detangling regional and global signals in seawater §180
records across the mid-Pleistocene Transition

Heather Ford', Maureen Raymo’ 1) Department of Earth
Sciences, University of Cambridge 2) Lamont-Doherty
Earth Observatory, Columbia University
* Heather Ford, hif4A0@cam.ac.uk

During the Mid-Pleistocene Transition (MPT, ~900 kyrs
ago), the climate system’s glacial-interglacial pacing, as
reflected in benthic 6180, changed from a dominant
periodicity of 41,000 to one of 100,000 kyr, without a
comparable change in orbital forcing. A limited number
of high-resolution seawater §'°0 records, derived from
coupled Mg/Ca and benthic 80 analyses, exist to
evaluate global changes in ice volume and how this may
have contributed to the MPT. However, these seawater
8'%0 records are also influenced by regional hydrographic
signals. To evaluate possible regional influences, here we
reconstruct seawater §'°0 from coupled Mg/Ca and 80
analyses of Uvigerina spp., at North Pacific ODP Site 1208
(36.13°N, 158.20°W, 3350 m water depth). The Site 1208
seawater 80 record exhibits transient increases in
glacial seawater 5'%0 at Marine Isotope Stage (MIS) 22
and MIS 16, possibly indicating nonpermanent ice volume
increases and/or hydrographic changes. The other
existing high-resolution seawater &0 record from the
South Pacific Site 1123 shows an abrupt, persistent
increase in seawater §'°0 starting at Marine Isotope
Stage (MIS) 22. This was interpreted as a large increase in
ice volume in Antarctica. Yet, the 1123 benthic o)
record differs from the global LRO4 benthic 50 stack in
that it is ~0.3 to 0.4%0 more enriched than LRO4 between
glacial MIS 22 to MIS 16. Comparison of the 1208 and
1123 records indicates the MPT was not caused by an
abrupt and permanent increase in ice volume but rather
regional hydrography must be considered when
interpreting seawater 5'%0 records. Additionally, MIS 22
and 16 may represent critical climate and ocean
circulation transitions. To disentangle hydrographic
influences from global seawater 8'%0 signals, additional
records from geographically distinct areas need to be
generated and compared.

ID: 02214, 18.- Human Impact on Global Aquatic Systems,
(Oral)

Timing and causes of the spread of lacustrine hypoxia
revealed by varved sediments

Pierre Francusl, Jean-Philippe Jennyz, Alexandre
Normandeau3, Zofia Ecaterina Taranu4, Irene Gregory-
Eavess, Francois Lapointel, Josué Jautzy6, Antti E. K.
Ojala7, Jean-Marcel Doriozg, Marie-Elodie Pergag, Arndt
Schimmelmanng, Bernd Zolitschka™ 1) Institut national
de la Recherche Scientifique, QUEBEC 2) Max-Planck-
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Institute for Biogeochemistry, JENA 3) Geological Survey
of Canada, DARMOUTH 4) McGill University and
Université de Montréal, MONTREAL 5) McGill University,
MONTREAL 6) University of Ottawa, OTTAWA 7)
Geological Survey of Finland, ESPOO 8) Institut National
de la Recherche Agronomique, THONON-LES-BAINS 9)
Indiana University, BLOOMINGTON 10) University of
Bremen, BREMEN * Pierre Francus, pfrancus@ete.inrs.ca

The development of seasonal or persistent hypoxia in
lakes results in the decrease of bioturbation and favours
the preservation of laminated sediments once thresholds
in oxygen-depleted conditions are crossed. When
laminations are proved to be annual, i.e. they are varves,
the timing of the onset of hypoxia in the water column
can be established. The Varve Working Group compiled a
worldwide database of 365 lakes known to preserve
varves since CE 1700. A global analysis showed that
lacustrine hypoxia started spreading before CE 1900, 70
years prior to hypoxia in coastal zones, and before the
rise of temperatures and significant changes in climate. A
more detailed analysis of European lakes showed that the
onset of hypoxia was more frequent and synchronous in
watersheds that experienced a growth of urban areas
that began around CE 1850 and accelerated after CE
1900, and of larger and more intensively cultivated
surface area. However, the spread of hypoxia was best
explained by urban expansion and the associated
intensification of anthropogenic point sources of
phosphorus. To date, there have been no signs of
sustained recovery of bottom-water oxygenation in lakes
following the enactment of European water legislation in
the 1970s to 1980s, and the subsequent decrease in
domestic P consumption.

ID: 01609, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

A monthly paleo-reanalysis based on instrumental
measurements, historical documents and tree-ring data
for the period 1600 to 2000

Jorg Frankel, Stefan Brénnimannl, Jonas Bhend’ 1)
Institute of Geography and Oeschger Centre for Climate
Change Research, University of Bern, Switzerland 2)
Federal Office of Meteorology and Climatology, Ziirich
Airport, Switzerland * Jorg Franke, franke@giub.unibe.ch

Numerical weather prediction heavily relies on the
assimilation of all available observations into the model
to start with a state close to the true atmosphere. Data
assimilation also revolutionized climate research where
reanalysis are the most investigated type of data sets in
the 20 century. With the appearance of new
methodologies, the assimilation of sparse and seasonally
or annually averaged indirect proxy information becomes
possible and reanalysis products can be pushed further
back into the past, however at lower monthly to annual
resolution. We present a paleo-reanalysis spanning the
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years 1600 to 2005. Early instrumental temperature and
surface pressure observations, temperature indices
derived from historical documents as well as temperature
and moisture sensitive tree-ring proxies have been
assimilated into an ensemble of atmospheric general
circulation model using a Kalman-filtering technique. This
paleo-reanalysis joins the physically consistency and
three-dimensional, spatio-temporal completeness of
model simulations with the best local agreement to
observations, which was previously only been offered by
statistical reconstructions. In contrast to traditional
reconstructions, the paleo-reanalysis offers multivariate
information and error estimates whereas no assumptions
about stationarity are required and variability remains
constant over time. We will present the resulting
northern hemisphere land temperature evolution as well
as spatial imprints for case studies.

ID: 02233, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Holocene global land-cover and land-use change for
climate modelling studies: Achievements of the PAGES
LandCover6k initiative (2015-2016)

Marie-Jose Gaillard 1, Kathleen Morrisonz, Marco
Madella®, Nicki Whitehouse®, LandCoverék core group
and co-coordinators’ 1) Department of Biology and
Environmental Science, Linnaeus University, Kalmar,
Sweden, 2) Department of Anthropology, University of
Chicago, USA 3) Department of Humanties, University
Pompeu Fabra (UPF), Barcelona, Spain 4) School of
Geography, Earth and Environmental Sciences, Plymouth
University, UK 5) http://www.pages-
igbp.org/ini/wg/landcoverék/people

* marie-jose.gaillard-lemdahl@Inu.se

The envisioned product from the PAGES LandCover6k
initiative (2015-2020) is quantified empirical data on past
anthropogenic land-cover and land-use change that are
relevant and useful for climate modelling within
international programs such as CMIP and PMIP. Land-use
change is one of many climate forcings and quantification
of its impact on climate is still debated. Among the
effects of land-use change (deforestation) on climate, the
global biogeochemical effects are the most studied and
best known (the effect on the CO, balance in particular).
The biogeophysical effects are less studied, especially at
the regional spatial scale at which they will be most
significant. Moreover, the net effect of both effects
together is difficult to quantify and still a matter of
discussion. LandCoveré6k infers land-cover and land-use
quantitative data from fossil pollen and from historical
archives and archaeological data. LandCover6k focuses
on regions of the world where humans have had a
significant impact on land cover through deforestation
and diverse agricultural practices, i.e. the Americas,
Western and Eastern Africa, Europe, and Asia (China,
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India and Japan in  particular). Pollen-based
reconstructions of past land cover are achieved primarily
using the Sugita’s REVEALS model, and spatially
continuous descriptions of pollen-based land cover are
then obtained applying advanced spatial statistics.
Historical and archaeological data are upscaled into maps
of major land-use categories linked to quantified
attributes useful for climate modellers. Anthropogenic
Land-Cover Change (ALCC) modelling then integrates the
information from the empirical data. Estimating pollen
productivity of major plant taxa is an essential part of
LandCover6k activities because it is required for REVEALS
applications. Pollen productivity values are available for
the northern hemisphere’s major plant taxa, but are still
missing for large parts of Asia and the tropics.

ID: 01281, 03.- Regional and transregional climate
variability over the last 2000 years, (Oral)
Long-term Climate variability in Nepal Himalaya:

revealed from Tree Ring-width Chronologies

Narayan Prasad Gairel, Yub Raj Dhakal4, Santosh Kumar
Shah®, Dinesh Raj Bhujul, Sanjaya Bhandari’, Uday
Kunwar Thapa®, Suman Aryal*1) Nepal Academy of
Science and Technology, Kathmandu, Nepal 2) Golden
Gate International College, Kathmandu, Nepal 3) Birbal
Sahni Institute of Paleosciences, Lucknow, India 4)
Treering  Society of  Nepal, Lalitpur, Nepal
* Narayan Gaire, npgaire2007 @gmail.com

Himalaya mountain systems are witness of diverse
impacts of climate change in its ecologically sensitive and
geologically fragile areas; however, climatic data are
lacking for long-term trend analysis and realistically
predict future. We carried out this dendroclimatological
study in Nepal Himalaya with objectives to develop ring
width site chronologies, identifying the response of
multiple tree species to climatic variables and to
reconstruct the past climate of the region. Analyzing tree
core samples of Abies spectabilis, Betula utilis, Cedrus
deodara, Juniperus recurva, Picea smithiana, and Pinus
wallichiana, we developed a network of ring-width
chronologies, some dating back to early 15" century.
Depending upon the precipitation and temperature
regimes prevailed in the region; growth-climate response
analysis revealed that response slightly varies among
different species growing in different sites, though some
common  responses are shared. Pre-monsoon
temperature (March-May) had a negative relationship to
growth for most of the species, and that tree growth was
positively correlated with precipitation of pre-monsoon
to monsoon (March-July) in most sites. The March—-May
average temperature and precipitation, and May-August
average Palmar Drought Severity Index (PDSI) were
reconstructed. The reconstructed spring temperature
identified several of warm and cool periods with recent
warming, while the reconstructed precipitation showed
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several wet and dry periods with recent precipitation
weakening in western parts of Nepal Himalaya. The May—
August PDSI reconstruction covering 1700 to 2015 AD for
western Nepal Himalaya revealed several moderate to
extreme multiyear drought episodes (1721-1722, 1771-
1776, 1846-1884, 1899-1901, 1908-1911, 1932-1935,
1967-1969) with few short wet periods (1751-1753,
1988-1991). From the teleconnection analysis between
the climatic variables from Nepal Himalaya and broader
scale climatic variability indices, we found linkages with
sea surface temperature of the equatorial Pacific region
and extended multivariate ENSO Index.

ID: 02318, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Finding the sweet spot for abrupt change: influences of
atmospheric CO2, orbital forcing and terrestrial ice
sheets on AMOC stability

Eric Galbraith’, Tim Merlis*, Casimir DeLavergne3 1)
Universitat Autonoma de Barcelona 2) McGill University
3) University of New South Wales
* Eric Galbraith, eric.galbraith@uab.catAbrupt climate
changes were common during some intervals of the
Quaternary, but relatively rare during others. Here, a
large suite of equilibrium simulations with a global
coupled climate model is used to map out the interacting
effects of CO2, orbital parameters and terrestrial ice
sheet size on deep water formation. The results show
that lower CO2 and/or a smaller tilt of Earth’s rotational
axis cause Southern Ocean surface waters to become
much saltier by changing freshwater cycling, allowing
them to dominate the deep ocean and shrinking the
volumetric extent of relatively fresh North Atlantic Deep
Water. With extreme Southern Ocean dominance, the
model simulates unforced abrupt changes in the AMOC,
or even persistent AMOC collapse. Meanwhile, a large
Laurentide ice sheet steers the boreal jet so as to
strengthen the AMOC, counteracting the salinity effect of
low CO2 and low obliquity, but without greatly increasing
the volumetric contribution of North Atlantic waters to
the global ocean. These results imply a combined
influence of buoyancy forcing and wind forcing in
determining the sweet spot at which abrupt change is
most likely to occur, largely consistent with prior works,
and generally consistent with observational
reconstructions. Abrupt change events could then be
triggered by internal ocean-atmospheric variability, or by
external forcings.

ID: 02271, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

Volcanic Eruptions as Historical Actors in Chinese
Dynastic Collapse
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Chaochao Gaol, Francis Ludlowz, Al Matthewsz,
Alexander Stine®, Alan Robock”, Yuqing Pan’, Michael
Sigl6 1) Department of Environmental Science, Zhejiang
University, Hangzhou, Zhejiang, China 2) Department of
History, School of Histories and Humanities, Trinity
College Dublin, Dublin, Ireland 3) Department of Earth &
Climate Sciences, San Francisco State University, San
Francisco, CA, USA 4) Department of Environmental
Sciences, Rutgers University, New Brunswick, NJ, USA 5)
Department of Statistics, Florida State University,
Tallahassee, FL, USA 6) Laboratory of Radio and
Environmental Chemistry, Paul Scherrer Institut, Villigen,
Switzerland * Francis Ludlow, ludlowf@tcd.ie

The need to understand human vulnerability to future
climate change is driving research into the influence of
climate on past societies. Capitalizing upon advances in
palaeoclimatic reconstruction, prominent coincidences
have been noted between climatic changes and the
sudden “collapses” known or inferred from historical,
archaeological and palaeoecological records. These are
often associated with a reduction in socioeconomic
complexity and/or political discontinuity, with climate
deemed to play a role mainly through the disruption of a
society’s agro-ecological base. China is unique in
experiencing 68 well-defined dynastic collapses during
the first two millennia CE. Their frequency and precise
dating affords an unparalleled opportunity to test
whether climate played a role amongst the debated suite
of possible causes offered to date. Here we use a state-
of-the-art multi-ice-core reconstruction of volcanism to
show a repeated and statistically significant association
between explosive eruptions and Chinese dynastic
collapses, whether of long-lived dynasties controlling
large territories or shorter-lived regional dynasties in
periods of instability. Collapse often occurred amidst
warfare: both a contributor to and consequence of
collapse. Using a 1,062 year reconstruction of warfare
intensity spanning China’s northernmost to
southernmost extent, we further show that warfare
during and following collapse scaled in intensity with the
magnitude of volcanic forcing. This result is suggestive of
the pathways by which explosive eruptions may trigger
collapse, including intensified recourse competition
under climate-induced scarcity, and opportunistic rivals
exploiting reduced social cohesion alongside the material
weakness and unpopularity of ruling families (associated
with a perceived loss of the “mandate of heaven”) during
times of socioeconomic stress. These results for the first
time identify a systematic role for volcanic eruptions as
historical actors in the political collapse of one of the
world’s most populous, sophisticated, and long-lasting
civilizations.

ID: 01266, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)
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European Hydroclimate Response to Volcanic Eruptions
over the Past Nine Centuries

Chaochao Gao' ,  Yujuan Gao" 1) Department of
Environmental Science, Zhejiang University
* Chaochao Gao, gaocc@zju.edu.cnThe climatic

aftermath of the 1815 Tambora eruption in Europe
suggests large volcanic eruptions can introduce
environmental and societal consequences in this region.
Here, we analyze the European summer hydrological
response to 31 tropical and 44 Northern Hemisphere
mid-to-high latitude eruptions over the past nine
centuries, using a newly published reconstruction of
global volcanism and a proxy record of droughts (Old
World Drought Atlas) coupled with a superposed epoch
analysis. Our results show a significant wetting response
(at the 95% confidence level) for year 0 and year 1 after
tropical eruptions. Spatially, wetting occurs in northeast
and southern Europe, while a drying response develops in
central and northwest Europe. Both the wetting and
drying responses increase with the eruption magnitude.
Large high latitude eruptions tend to cause a drying
response. Correcting for the effects of El Nino does not
noticeably change the response patterns. Our results
verify previous modeling studies from a longer term
proxy perspective, and indicate that future stratospheric
aerosol perturbations are likely to further separate
modern and 20th central hydroclimate conditions in
Europe during the boreal summers. Complex regional
variability exists, and regions such as the Balkan
Peninsula may experience intensified wetting. The results

may therefore illuminate potential effects of
stratospheric geoengineering in Europe.

ID: 01876, 16.- Multidisciplinary reconstruction of
paleofloods, (Oral)

Outburst flood erosion consistent with long-term

landscape evolution models

Daniel Garcia-CasteIIanosl, Jim E. O'Connor’ 1) ICTJA-
CSIC, Spain 2) USGS Oregon, USA * Daniel Garcia-
castellanos, danielgc@ictja.csic.es

Existing models for the development of topography and
relief over geological timescales are fundamentally based
on semi-empirical laws of the erosion and sediment
transport performed by rivers. The prediction power of
these laws is hindered by limitations in measuring river
incision and by the scant knowledge of the past
hydrological conditions, specifically average water flow
and its variability. Consequently, the erodability values
derived from modelling long-term erosion rates in rivers
are ambiguously tied not only to the lithology and nature
of the bedrock but also to uncertainties in the
guantification of past climate. This prevents the use of
those erodabilities to predict the landscape evolution in
different scenarios. Here, we apply the fundamentals of
river erosion models to outburst floods triggered by
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overtopping lakes, for which the hydrograph is
intrinsically known from the geomorphological record or
from direct measures. We obtain the outlet erodability
from the peak water discharge and lake area observed in
86 floods that span over 16 orders of magnitude in water
volume. The obtained erodability-lithology correlation is
consistent with that seen in 22 previous long-term river
incision quantifications, showing that outburst floods can
be used to estimate erodability values that remain valid
for a wide range of hydrological regimes and for erosion
timescales spanning from hours-long outburst floods to
million-year-scale landscape evolution. The results also
constrain the conditions leading to the runaway erosion
responsible for outburst floods triggered by overtopping
lakes. [Funded by CGL2014-59516].

ID: 01471, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Impact of abrupt climate changes on the coastal
ecosystems of the Rias Baixas (NW Iberia) during the
Lateglacial/early Holocene transition

Iria Garcia—Moreirasl, Natalia Martinez—Carreﬁoz,
Soledad Garcia-Gil*, Castor Mufioz Sobrino® 1) Plant
Biology and Soil Sciences Department, University of Vigo
(Spain) 2) Marine Geosciences Department, University of
Vigo (Spain) * Iria Garcia-moreiras, irlagamo@uvigo.es

The Rias Baixas are ancient submerged river valleys
located at the Atlantic margin of NW lIberia. Their
associated ecosystems are very sensitive to climate and
RSL changes. Pollen and dinoflagellate cyst records for
the Lateglacial/early Holocene transition have been
analyzed from shallow marine sediments of the Ria de
Vigo (MVR-3 core) and the Ria de Arousa (Al14 VC15
core). Palynology was combined with geochemical,
lithological and radiocarbon data to reconstruct the local
environments (marine ecosystems and vegetation)
related to the relative sea-level and climate changes. The
records cover the period ~14.5-8.0 ka BP and were
correlated with regional vegetation and sea-level
changes, as well as with other regional paleoclimatic
records.

New evidence shows that cool conditions prevailed at the
Ria de Arousa within the Lateglacial, with cold-tolerant
especies (Betula, Pinus, shrubs and steppic herbs)
dominating the landscape and high primary productivity
prevailing in the marine environment. Sedimentary rate
significantly decreased during the Younger Dryas (12.7-
11.7 ka BP) and supratidal environments (coastal marshes
and swamps) further developed due to RSL decrease.
After the Holocene transgression the precipitation
increases and coastal wetlands (moist heaths and ponds
with Iséetes) developed in the surroundings. Quercus
expansion started no later than 11.4 ka BP in the area,
whereas other deciduous trees (e.g. Carpinus and
Betula) significantly declined in the area. The new data
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obtained reveals that the southern Galician rias have
been sensitive to abrupt climate events during the
Lateglacial and early Holocene, included the Younger
Dryas, 8.2 ka, 11.4 ka, 10.5 ka and 9.3 ka and 8.2 ka. The
10.5 ka event (Bond cycle-8) has been identified here for
the first time in NW Iberia.

ID: 01452, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)

Hydroclimate and vegetation changes in Central Africa
during the Holocene: new views from the Lake Barombi
Mbo (Cameroon)

Yannick Garcinl, Guillemette Ménotz, Pierre
Deschamps3, Enno SchefuBa, Dirk Sachseg, Geoffroy de
Saulieu’, David Sebaga, Richard Oslisly’, Lydie Dupont”,
Brian Brademann®, Rik TjaIIingiis, Achim Brauer® 1)
University of Potsdam, Institute of Earth and
Environmental Science, Germany 2) Ecole Normale
Supérieure de Lyon - LGLTPE, France 3) CEREGE, UMR Aix-
Marseille Université - CNRS - IRD - Collége de France 4)
MARUM - Center for Marine Environmental Sciences,
University of Bremen, Germany 5) Unité Mixte de
Recherche PALOC, IRD/MNHN, Paris, France 6) Université
de Rouen - UMR M2C CNRS, France 7) Unité Mixte de
Recherche PALOC, IRD/MNHN, Paris, France & Agence
Nationale des Parcs Nationaux, Gabon 8) GFZ German
Research Centre for Geosciences, Potsdam, Germany
* Yannick Garcin, yannickgarcin@yahoo.fr

Central Africa comprises the largest remaining contiguous
expanse of humid tropical forest on the African
continent, which has been strongly reduced and
degraded by humans. To gain insight into the underlying
processes driving changes within tropical forests of
Africa, it is crucial to determine the drivers responsible
for the past forest disturbances. During the Holocene
those tropical forests experienced alternating periods of
expansion and contraction, which are thought to be
related to climate variability, although during the last
~3000 vyears human activity may have had a
supplementary effect. However, the existence of
significant episodes of human disturbances in the past
remains uncertain. To resolve the drivers and
mechanisms, which have affected the Central African
forests during the Holocene, we analysed novel climate-
proxies directly recording changes in the hydroclimate in
combination with vegetation-proxies as well as indicators
of anthropogenic disturbances. We used a new lake-
sediment core collected in the deepest part of Lake
Barombi Mbo (105-m-deep, Southwest Cameroon) during
January 2014. This lake has furnished one of the few
pollen records from Central Africa that goes back to the
last ice age. Here, we applied molecular- and isotopic-
based proxies: compound-specific hydrogen and carbon
isotope ratios. Our knowledge of these proxies gained for
the study area demonstrated that leaf-wax hydrogen
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isotopes record accurately the modern variability in the
hydroclimate while leaf-wax carbon isotopes were found
related to the vegetation composition, particularly to
changes in the contribution of C3 versus C4 plants. These
sedimentary molecular and isotopic data will be
compared with pollen and other sedimentological data
(including erosion proxies) from the same core as well as
with regional archaeological syntheses to ultimately test
the role of climate change and human activity on the
evolution of forests in Central Africa during the Holocene.

ID: 01728, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Holocene climate variability and rapid transitions in the
northern North Atlantic

Aslaug Geirsdéttir®, Gifford Miller®, Seadis Olafsdéttir®,
Darren Larsen4, David Harningz, Florian Christopher 2,
Sydney Gunnarson® 1) Department of Earth Sciences,
University of Iceland, Askja, Sturlugata 7, 101 Reykjavik,
Iceland 2) INSTAAR & Department of Geological Sciences,
University of Colorado, Boulder, USA & Department of
Earth Sciences, University of Iceland, Askja, Sturlugata 7,
101 Reykjavik, Iceland 3) Department of Earth Sciences,
University of Bergen, Allégaten 41, Bergen, Norway 4)
Occidental College, Los Angeles, California, USA
* Aslaug Geirsdottir, age@hi.is

The similarity in timing, direction and magnitude of
Holocene climate variability derived from multiple-
proxies preserved in both glacial and non-glacial lake
sediment in Iceland, and their close correlation with
climate proxy records from the adjacent marine shelf,
suggests that Icelandic lake records faithfully track large-
scale shifts in ocean/atmosphere circulation in the
northern North Atlantic. Multiple lakes studied contain
numerous tephra layers of known age that constrain their
age models as well as macrofossils suitable for “c dating.
Paleomagnetic secular variation records from the lake
sediment further aid their chronologies and provide a
direct comparison with marine sediment records from
around Iceland. A composite record indicates a relatively
warm early Holocene, overprinted with meltwater
impacts until 7.9 ka, followed by peak Holocene warmth
between 7.9 and 6 ka with evidence for the
disappearance of glaciers in lake catchments. Despite
great variability in catchment characteristics, the high-
resolution lake records capture synchronous abrupt, cold
departures from the smoothly decreasing trend in
Northern Hemisphere summer insolation, particularly at
~4.2 and 3.0 ka. The most significant increase in
landscape instability and soil erosion occurred shortly
after 2 ka likely due to a complex combination of
increased impact of volcanic activity, cooling climate and
increased sea ice off the coast of Iceland. Arrival of
humans with grazing livestock ca 1 ka added further to
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the soil erosion, which culminated during the Little Ice
Age.

ID: 01914, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

The post-glacial opening of Nares Strait, NW Greenland:
new details on ice-sheet and sea ice dynamics.

Eleanor Georgiadisl, Naima El Badi AItunal, Jacques
Giraudeau', Guillaume Massé®, Frédérique Eynaudl,
Sébastien Zaragosil, Guillaume St-Onges, Philippe
Martinez' 1) UMR CNRS 5805 EPOC - Université de
Bordeaux 2) CNRS/Takuvik - Université Laval 3) ISMER -
Université du Québec a Rimouski

* Eleanor Georgiadis, eleanor.georgiadis@u-bordeaux.fr

Together with other passages of the Canadian Arctic
Archipelago, Nares Strait contributes to the export of
freshwater and sea ice, as well as nutrient-rich Pacific
water from the Arctic Ocean to the North Atlantic. These
oceanographic transfers have a major impact on
convection in the Labrador Sea and primary productivity
in northern and western Baffin Bay. The precise timing
and nature of events involved in the deglacial retreat of
the formerly grounded Greenland and Innuitian ice-
sheets leading to the opening of Nares Strait are barely
known. In this study, we investigates the post-glacial
paleoceanographic developments in this remote glacial
setting from sedimentological (grain size, thin sections,
CT-scan), geochemical (elemental, isotopic and molecular
organic  geochemistry) and  micropaleontological
(planktonic and benthic foraminiferal abundances and
assemblages) records obtained from recently collected
!¢ dated sediment cores in the north (Hall Basin), south
(Trinity Fjord) and center (Kane Basin) of Nares Strait.
Major changes in proxy records are associated with
distinct lithologic units and suggest a succession of events
related to: (1) the retreat of the Greenland and Innuitian
ice-sheets, (2) subsequent throughflow of Arctic and
Pacific water and (3) the response of sea ice to regional
climate changes. Our best resolved record starts at 9.5
kyr cal. BP when the coalescent ice-sheets initiated
breaching which eventually led to the opening of the
Strait. This period of intense change sustained intervals of
perennial sea ice cover which persisted until ca 7 kyr cal.
BP. Soon after this series of transitional situations, a
modern seasonal sea ice regime settled as Nares Strait
underwent acclerated sea level change induced by the
post-glacial isostatic rebound. Our results are discussed in
the light of previous investigations conducted in northern
Baffin Bay, downstream of Nares Strait.

ID: 01555, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)
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The 2000-year history of climatic change in the steppe
of Ukraine, based on a high-resolution study of the
varves of Lake Saki

Natalia Gerasimenkoll) Taras Shevchenko National
University of Kyiv

* Natalia Gerasimenko, n.garnet2@gmail.com

Bottom deposits of the saline Lake Saki (southwestern
Crimea) consist of dark clay bands (the result of runoff
during wet seasons) alternating with white salt layers
(summer evaporates) (Shostakovich 1934). The seasonal
origin of its thin lamination is now confirmed by the
comparison of pollen assemblages from individual black
and white bands in the lake bed with the seasonal
distribution of modern pollen-fall over the lake.
According to the varves count, the upper 3.06 m of
deposits in the core S14, from the deepest part of the
lake, correspond to the last 2000 years. It is confirmed by
a 1l4C-date of 1800160 from a depth of 2.76 m. The
pollen study (sampling density 0.5 cm) of the uppermost
lake beds, which were formed since the beginning of the
Saki meteorological observation in 1870, demonstrates
that the xerophytic/mesophytic pollen ratio can be
directly correlated with dry phases. As the forested
Crimean Mountains are located close by, arboreal pollen
are also abundant in the lake deposits. The higher pollen
percentages of broad-leaved taxa directly correspond to
warm phases. The high-resolution pollen study of the
upper 3.5 m of the core demonstrates the cyclic
alternation of dry and wet phases (average duration of
100-300 years), and of warm and cool phases (average
duration of 300-400 vyears). The correlation betwen
temperature and moisture regime is not direct, but the
majority of warm phases were drier than the cool phases.
A pollen study at the Ak-Kaya archaeological site in the
Crimean steppe (from Il cent. BC to Medieval times)
revealed a similar climatic cyclicity (Gerasimenko et al.,
2012). The economic pattern in the drought-vulnerable
steppe was strongly controlled by this climatic variability.
The wet phases provided better conditions for the
sedentary economies which involved plant husbandary
(indicated by pollen of Cerealia, Juglans, Vitis and
segetative weeds).

ID: 01809, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Postglacial changes in the floristic latitudinal diversity
gradient in Europe

Thomas Giesecke’ , Willem O. van der Knaap2 , Jacqueline
F.N. van Leeuwenz, Simon Brewers, Steffen Wolters® 1)
Department of Palynology and Climate Dynamics, Georg
August-University Gottingen 2) Institute of Plant Sciences
and Oeschger Centre for Climate Change Research,
University of Bern 3) Department of Geography,
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University of Utah 4) Lower Saxony Institute for Historical
Coastal Research * Thomas Giesecke, tgiesec@gwdg.de

The latitudinal gradient in species diversity is one of the
largest and best-known features of life on our planet,
although its causes are still debated among scientists.
Originations and extinctions are two major factors
determining species richness and may be evaluated on
deep geological time. On shorter time-scales, e.g. glacial
interglacial cycles, regional diversity is influenced by
immigration and emigration. The collection of pollen
diagrams in the European Pollen Database (EPD) makes it
possible to evaluate changes of the latitudinal diversity
gradients of many plant taxa. Due to the multiplicity of
authors contributing to the EPD the nomenclature of
pollen types is complex; it includes many synonyms as
well as identifications to different taxonomic levels,
which hamper the comparisons of pollen type richness
between pollen diagrams. To overcome this problem, we
reviewed the nomenclature of pollen types in the EPD by
identifying synonyms and amalgamating them. We
constructed a hierarchical system of the pollen types on
the basis of pollen morphology, and used this
harmonized database to assess site-level and regional
estimates of paleo-diversity. We show that there is a
strong latitudinal gradient in pollen diversity in Europe,
regardless the taxonomic resolution used, however the
regression with latitude is strongest when taxa are
combined at higher identification levels. The strength of
the gradient has changed through time. It was weakest
during the Younger Dryas and increased until 7000 years
ago. The latitudinal gradient is always present in the
regional pool of pollen types — however also here there is
a peak in slope during the early Holocene, which is
partially due to the disappearance of herbaceous taxa in
the boreal zone. The evolution of the latitudinal gradient
in pollen type diversity in Europe provides an example of
climate driven changes in regional diversity due to
immigration and competitive exclusion of taxa.

ID: 01554, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

New lights on human-environment interactions in the
Northern French Alps provided by lake sediment DNA

Charline Giguet-Covexl, Manon Bajard1 , Wentao Chenz,
Fernand Davida, Fransesco, Gentile Ficetolaz, Ludovic
Giellyz, Jérébme Poulenardl, Pierre Sabatierl, Pierre
Taberletz, Kevin Walsha, Fabien Arnaud’ 1) EDYTEM,
Université de Savoie, CNRS Pdéle Montagne, 73376 Le
Bourget du Lac, France 2) Laboratoire d'Ecologie Alpine,
CNRS UMR 5553, Université Joseph Fourier, 38041
Grenoble Cedex 9, France 3) CEREGE, Université Aix-
Marseille, 13545 Aix en Provence cedex 4, France 4)
BioArch-Department of Archaeology, University of York,
Y010 5DD, UK

* Charline Giguet-covex, charlinegiguet@gmail.com
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Since Prehistory, mountains have attracted human
populations for hunting, gathering and agrarian activities.
In the European Alps, the broad historical outline of
mountain exploitation by peoples and interactions with
the environment is only partially understood via
palaeoenvironmental and archaeological research. Due to
a lack of suitable proxies, the precise nature of agrarian
activities and their temporal and spatial dynamics are
poorly documented, as well as the impact of former
activities on mountain environments, both in terms of
landscape trajectories and legacy.We propose here a
synthesis of the agrarian history from the Northern
French Alps based on original results from lake sediment
DNA. This emerging tool was successfully applied on
Lakes Anterne, Savine and Verney located above 2000 m
asl and la Thuile at 874 m asl. This altitudinal distribution
reveals the story of both crops and livestock farming.
Moreover, Savine, Verney and Anterne are located on or
close to passes between, France and Italy or Switzerland.
This allows us to assess the role of former routes
networks in the development of alpine
communities.Cattle herds might be present as early as
2800 BC at Anterne. Intensive use of “Alpages” with
sheep and cattle is then recorded around the three lakes
during the late Iron Age and/or the Roman period. A
lower grazing pressure is also suggested at lower
altitudes (Plantago sp). This development of pastoral
activities led to a regionally recorded increase in soil
erosion. From the Early Middle Ages (700-1000 AD)
another phase of high pastoral pressure is recorded
regionally (except at Savine, but the livestock were
probably displaced towards more suitable pastures).
Cattle dominate within the region from 1000-1400 AD. At
lower altitudes, crops increase and diversify. Mountain
socio-ecosystems responded differently to these
agricultural and economic changes, especially in terms of
erosion dynamics.

ID: 01446, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Glacial/interglacial changes of Southern Hemisphere
zonal circulation from the geochemistry of South
American and East Antarctic dust

Stefania Gilil, Diego Gaierol, Steven Goldsteinz, Farid
ChemaIeS, Jason Jwedaz, Michael Kaplanz, Raul
Becchio®, Koester  Edinei’1)  CICTERRA/CONICET,
Universidad Nacional de Cérdoba, Cérdoba, Argentina, 2)
Lamont-Doherty Earth Observatory of Columbia
University, Palisades, New York, USA, 3Department of
Earth and Environmental Sciences, Columbia University,
Palisades, NY, USA 3) Universidade do Vale do Rio dos
Sinos, S3do Leopoldo, Brazil. 4) Universidad Nacional de
Salta, Salta, Argentina. 5) Instituto de Geociéncias,
Universidade Federal do Rio Grande do Sul, Porto Alegre,
Brazil * Diego Gaiero, diego.gaiero@unc.edu.ar
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The latitudinal displacement of the southern westerlies is
a key parameter for understanding the variations of
Southern Hemisphere atmospheric circulation during the
Late Quaternary Period. To increase understanding of
past atmospheric circulation we dig deeper into dust
provenance in paleo-archives of the Southern
Hemisphere. We present herea Sr-Nd-Pb isotopic and
rare earth element study of surface sediments collected
along a ~4000 km latitudinal band from arid and semi-
arid terrains in southern South America. The importance
of these terrains as paleo-dust suppliers are compared
with modern dust collected from monitoring stations
along the same latitudinal band, thus serving as a test of
how actual dust compositions compare to those of
potential source areas. Moreover, the comparison is
useful for wunderstanding present-day atmospheric
circulation. Revisiting the provenance of dust trapped in
the Antarctic ice and sediments deposited in the
Southern Ocean, the new data indicate multiple source
regions in southern South America and a minor
participation of the Australian potential dust sources.
Although Patagonia plays an important role in
contributing dust to the higher latitudes, central Western
Argentina and (to a lesser extent) the southern Puna
region also emerge as important dust sources during
glacial times. Moreover, the southern Altiplano is as a
major contributor during interglacial periods as well.
Given our understanding of modern wind-dust activities,
the possibility of a prominent presence of southern South
America source regions other than Patagonia in east
Antarctic ice is consistent with an overall equatorward
displacement during glacial times of both the mid-
latitude westerlies and the high altitude jet stream.

ID: 01512, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Population and Heath vulnerability

Ramstein Gilles 1, Defrance Dimitri 2, Charbit Sylvie 1,
Vrac Mathieu 1, Famien Adjoua Mo’l'sez, Sultan
Benjaminz, Swingedouw Didier3, Dumas Christophe 1,
Gemenne Frangois 4, Solas Jorge Alvarez’ , Vanderlinden
Jean-Paul *, Caminade Cyril °1) LSCE/IPSL, CEA-CNRS-
uVvsQ, Université Paris-Saclay, Gif-sur- Yvette, France 2)
LOCEAN/IPSL, IRD, Paris, France 3) EPOC, Université de
Bordeaux, Pessac, France 4) CEARC, OVSQ, Université
Paris-Saclay, Guyancourt, France 5) PalMA Group,
Universidad Complutense de Madrid, Madrid, Spain 6)
University of Liverpool, Institute of Infection and Global
Health * Gilles Ramstein, gilles.ramstein@Isce.ipsl.frA
major uncertainty concerning the 21st century climate is
the ice-sheet response to global warming. Paleodata
indicates rapid ice-sheet destabilizations during the last
deglaciation (as for instance Heinrich Event and melt
water pulses). Ice sheet destabilization could therefore
modify the sea level rise and its evolution by the end of
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this century. This feature has already been pinpointed in
recent publications. However, the impacts could not
restrict to the sea level and the climate could be
disturbed.To account for these potential instabilities, we
explore the impact of different scenarios of abrupt
Greenland ice sheet melting during the 21st century
superimposed to RCP8,5. We will present the results of
these freshwater housing experiments corresponding to
a superimposed sea level rise varying from 0,5 to 3m. We
demonstrate that such a melting induces several
consequences on the West African monsoon: duration,
delay and a decreasing of the precipitation. We
investigate the agricultural and health impact of these
abrupt climate changes on the very sensitive Sahel
region.First, we quantify the agricultural area losses due
to monsoon changes. Consequently, we pinpoint a large
potential for migration of millions of people in the
coming decades. Thus, the ice-sheet destabilization
provokes not only costal damages, but also large
population migration in monsoon area.Secondly, the
large changes of the hydrological cycle in tropical area
may also provide favorable conditions for the spread of
pathogens vectors. Using IPCC scenarios several studies
have already shown the impact of climate changes as
Malaria on extended areas.Here we explore the potential
risk due to the major atmospheric tropical reorganization
due to ice sheet destabilization.

ID: 01322, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Improving relative sea-level reconstructions in northern
Greenland from marine bivalves with stable isotope
data; implications for ice history and GIA models

Anna Gluederl, Alan C. Mixl, Glenn A. Milnez, Benoit
Lecavaliers, Brendan Reillyl, Jorie Clarkl, Chris HoIm3,
June Padmanl, Andrew Rossl, Southon John* 1) CEOAS,
Oregon State University, Corvallis, OR, USA 2) Ottawa
University, Ottawa, Canada 3) Washington State
University, Pullman, WA, United States 4) University of
California Irvine, Irvine, CA, USA 5) Memorial University
of Newfoundland, St. John's, Canada

* Anna Glueder, gluedera@oregonstate.edu

The Greenland Ice Sheet (GIS) holds an ice-mass
equivalent to about 6 meters of eustatic sea level
equivalent. Understanding its melt dynamics and placing
its vulnerability within the climatic context of the
Holocene is essential in order to better constrain glacio-
isostatic adjustment (GIA) models and predict future GIS
contributions to global sea level. Commonly, model
constraints for relative sea level variations consist of
limiting ages obtained from marine shells exposed on
land. A key uncertainty is the water depth of shell
growth, which may vary over many 10’s of meters.
Radiocarbon dates from bivalve samples collected on
raised marine deposits during the Petermannl5
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Expedition (July 2015), in Hall Land, Washington Land of
NW Greenland near Petermann Glacier, a major outlet of
the Greenland Ice Sheet, and the Cape Baird region of
Ellesmere Island constrain relative sea-level histories
during the last deglacial period as well as during MIS3.
Here we correct for shell depth habitats based on 6180
in each dated shells and in the modern water column,
assuming that past vertical gradients in water column
6180 were roughly similar to today. We find this
assumption breaks down during times of rapid relative
sea level fall associated with regional ice loss, implying
specific times of substantial meltwater input during
glacial retreat. Both raw data and habitat-corrected data
suggest a significant mismatch with previously employed
GIA models, both in amplitude and rate of relative sea
level change: Compared to the GIA model HUY3 we find
that relative sea level during MIS 3 may have been
several 10s of meters higher than predicted by the
model. In addition the data suggest that the model not
only underestimates the rate of sea-level change during
deglaciation but also misrepresents the timing when
maximum ice-loads are reached. This study may
therefore provide a new view of ice load history in
Northern Greenland, and points towards the importance
of including marine ice dynamics in models of ice retreat,
and, perhaps, better constraints on regional variations of
viscosity in GIA ice-models.

ID: 01781, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Paleo-ENSO during the last glacial period inferred from
tropical subandean ecosystems

Catalina Gonzélez-Arangol, Arnoud Boomz, Camilo
Montesa, Carme Huguet3, Catalina Orejuelal, Rafael E.
Lozanol, David A, Ayalal, Sonia  Archila® 1)
Departamento de Ciencias Bioldgicas, Universidad de los
Andes, Colombia 2) Department of Geography, University
of Leicester, UK 3) Departamento de Geociencias,
Universidad de los Andes, Colombia 4) Departamento de
Antropologia, Universidad de los Andes, Colombia
* Catalina Gonzalez, c.gonzalez2579@uniandes.edu.co

ENSO is undoubtedly the most important source of
interannual variability for the hydroclimatology of the
northern Andes. However, there is a clear lack of
understanding of paleo-ENSO and other climatic
phenomena at mid-altitudes in the tropical Andes, and its
relationship to ecosystems, due to the lack of suitable
paleoclimatological archives. Here, we present a
multiproxy  paleoenvironmental reconstruction on
terrestrial sediments and extremely well preserved
organic remains embedded in the Pereira-Armenia fluvio-
volcanic fan (2000 m.a.s.l) located in the Central
Cordillera of Colombia. Today, the study area is one of
the wettest in the northern Andes with ca. 2800 mm of
annual precipitation and very sensitive to ENSO
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variability.  Radiocarbon  dating, Ur-Th/He and
palynological analysis suggest that the deposit dates back
to the last glacial period. The overall hydroclimatic
conditions in the northern Andes during the full glacial
are assessed from pollen, biomarkers, and
microanatomical analysis of ancient woods, suggesting
colder and more seasonal climates than today. By
modeling the current ecological niche of individual
species and their projection for glacial conditions, we
infer the prevalence of a more marked seasonality in the
area. Additionally, by comparing the ultrahigh resolution
8 signal of an ancient wood identified as
Chrysochlamys (Clusiaceae), and a modern analog of the
same species, a clear difference in seasonality arises
suggesting a different climatic configuration most likely
related to paleo-ENSO intensity. These findings shed light
on the hydroclimatological configuration of the northern
Andes of intermediate altitudes and the response of
tropical ecosystems to interannual climatic variability.

ID: 01535, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Cause and consequences of the ‘4.2 kyr event’

Nicholas Grahaml, Dirk Verschurenz, Matthjew Salzer3,
Malcolm Hughes3 1) Hydrologic Research Center, San
Diego USA 2) University of Ghent, Ghent BE 3) University
of Arizona, Tucson AZ

* Nicholas Graham, ngraham@hrcwater.org

The ‘4.2 kyr event’ denotes a long-recognized and much
debated cluster of striking cultural and climatic
discontinuities in the last few centuries of the 5"
Millennium BP, noted in widely distributed historical and
natural proxy records. Familiar cultural examples include
the near-simultaneous collapse of the Old Kingdom in
Egypt and the Akkadian Empire in present-day Iraq, both
associated with hydroclimatic stress and environmental
deterioration including dust deposition. Natural proxy
records clearly portray contemporaneous weakening of
the North African and Asian monsoon circulations, and
indicate shifts towards aridity, instances of increased dust
deposition, and cooler temperatures through the
Northern Hemisphere. While this evidence provides some
insights, the character of the ‘4.2 kyr event’ remains
poorly understood and a plausible causal mechanism is
lacking.

We synthesize the available proxy evidence and results
from climate models and paleo-hydrological simulations
to develop a plausible, dynamically consistent scenario
for the cause and consequences of the ‘4.2 kyr event’. In
this scenario, the event resulted most immediately from
the mid-Holocene recession of Megalake Chad and the
ensuing dust emissions from exposed lakebed sediments
within the Bodélé Depression, today the world\'s largest
single source of dust. The radiative effect of the increased
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dust emissions weakened the Asian and North African
monsoon circulations, cooled the Northern Hemisphere
extra-tropics and reduced intrusions of tropical moisture
into the sub-tropics, the same distinctive suite of changes
that are produced by dust-enabled global climate models
when North African dust emissions are increased.
Notably, a weaker North African monsoon implies a
further reduction of rainfall over the Megalake Chad
watershed. With respect to cause, the event occurred as
the declining Megalake Chad began to expose erodible
fine sediments. Hydrological modeling reveals that even
modest feedback between lakebed dust emissions and
rainfall can result in accelerating reductions in catchment
runoff and a rapidly falling lake level, thereby increasing
the area of newly exposed lakebed susceptible to dust
mobilization.

ID: 02306, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Circulation control on primary productivity and CO2 in
the subarctic Pacific over the last deglaciation: evidence
from boron isotopes in planktonic foraminifera

William Grayl, James Rael, Amelia Shevenellz, Robert
Willsg, Gavin Foster4, Caroline Lears, Ben Taylorl,
Michael Sarnthein® 1) University of St Andrews 2)
University of South Florida 3) ETH Zurich 4) National
Oceanography Center, Southampton 5) Cardiff University
6) Kiel University * William Gray, wrgd@st-andrews.ac.uk

Sediments within the subarctic Pacific Ocean record a
dramatic peak in biogenic fluxes (opal, CaCOs;, biogenic
barium) during the Bglling-Allergd interval of the last
deglaciation (~14.5 ka). The cause of this regional
productivity maximum remains enigmatic, with
macronutrient upwelling, iron fertilisation, and a
reduction in light limitation all proposed as potential
drivers. Distinguishing between macronutrient upwelling
and iron fertilisation is important due to the different
implications for the carbon cycle: macronutrient
upwelling could result in a significant flux of CO, to the
atmosphere, whereas iron fertilisation would result in a
greater uptake of CO,. Using the boron isotope ratio
(6118) of planktonic foraminifera N. pachyderma from
core MDO01-2416, we demonstrate the deglacial
productivity maximum was associated with a (near-
)surface ocean pH minimum, a scenario only compatible
with macronutrient upwelling. This pH minimum
indicates a significant flux of CO, to the atmosphere at
the onset of the Bglling-Allergd, which may have
contributed to the abrupt increase in atmospheric CO,
observed at this time. Radiocarbon depleted bottom
waters at depths of < 1500 m indicate a decrease in
North Pacific Intermediate Water (NPIW) formation
coeval with the deglacial productivity maximum. At the
same time, the presence of ice sheets over North
America would have enhanced Ekman suction within the
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region via increased wind stress curl. We propose that
the collapse in NPIW formation, coupled with enhanced
Ekman suction, drove a substantial increase in the
upwelling of nutrient and CO, rich deepwaters into the
surface ocean during the Bglling-Allergd, causing the
observed minimum in pH and maximum in primary
productivity and CO,. This model suggests a key role for
ocean circulation in driving abrupt changes in the
biochemistry of the subarctic Pacific Ocean over the last
deglaciation.

ID: 02284, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Improving estimates of surface water radiocarbon
reservoir ages in the northeastern Atlantic Ocean.

Rosanna Greenopl, Andrea Burkel, James Rael, Dan
Nital, Paula Reimerz, Anya Crocker3, Thomas Chalka,
Stephen Barker* , Paul Knutz’® ,lan Hall* 1) School of Earth
and Environmental Science, Irvine Building, University of
St Andrews, North Street, St Andrews, KY16 9AL, UK. 2)
School of Geography, Archaeology and Palaeoecology,
Queen's University Belfast, Belfast, BT7 1NN. 3) School of
Ocean and Earth Science, National Oceanography Centre
Southampton, University of Southampton Waterfront
Campus, European Way, Southampton, SO14 3ZH, UK. 4)
School of Earth and Ocean Sciences, Cardiff University,
Main Building, Park Place, Cardiff, CF10 3AT. 5)
Geophysics Department, Geological Survey of Denmark
and Greenland, @ster Voldgade 10, 1350 Copenhagen,
Denmark. * Rosanna Greenop, rg200@st-andrews.ac.uk

Radiocarbon measurements from planktic foraminifera
are widely used to constrain age models and the timing
of paleoceanographic events in marine sediment cores,
as well as past changes in ocean circulation and carbon
cycling. However, in order to use radiocarbon for these
purposes a knowledge of the surface ocean radiocarbon
reservoir age and how it varies in both space and time is
needed. Typically, to convert a planktic radiocarbon age
into a calendar age, an assumed constant reservoir age of
400 years is applied. However, there is mounting
evidence to suggest that this assumption of constant
reservoir age through time is an oversimplification,
particularly for the high latitude oceans during intervals
of rapid climate change. Here we present new high-
resolution radiocarbon reservoir age estimates from
three sites in the northeast Atlantic Ocean: ODP Site 983
(60°24\'N, 23°38\'W; 1983m), Site 980 (55°29\'N,
14°42\'W; 2168m) and DAPC2 (58°58\'W, 09°36\'W;
1709m). We show that there have been large changes in
surface water reservoir ages over the deglaciation, that
coincide with times of abrupt climate change. These
reservoir age changes have implications for both
radiocarbon-based age models and our understanding of
circulation and deep-water formation in the North
Atlantic. Based on the new data, we present a model of
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ocean overturning circulation during millennial scale
climate events that is consistent with the shifts observed
in radiocarbon and 6"C over the deglaciation.

ID: 01700, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Holocene lowering of the Laurentide Ice Sheet weakens
North Atlantic gyre circulation and affects climate

Lauren Gregoire1 , Ruza Ivanovicl, Amanda Maycock1 )
Paul Valdes® 1) School of Earth & Environment, University
of Leeds, Woodhouse Lane, Leeds, LS2 9JT, United
Kingdom 2) School of Geographical Sciences, University of
Bristol, University Road, Bristol, BS8 1SS, United Kingdom
* Lauren Gregoire, l.j.gregoire@leeds.ac.uk

Ice sheet topography is an important control on glacial
climate. The presence of the large North American
Laurentide Ice Sheet (LIS) at the Last Glacial Maximum
(LGM; 21 ka) produces a stronger and more zonal jet
stream, modifies surface climate and storminess over the
North Atlantic and affects North Atlantic gyre circulation
and the Meridional Overturning Circulation. By the start
of the Holocene, 9.0 ka, the size of the LIS was much
reduced, yet, it has been suggested that the demise of
the LIS played a role in the 8.2 ka abrupt cooling event
through its topographical influence on atmospheric
circulation.

Here, for the first time, we evaluate how the demise of
the LIS 9.5-7 ka directly influences atmospheric
circulation through changing topography, and the wider
implications for climate. We ran a series of 500 year-long
equilibrium experiments using the HadCM3 ocean-
atmosphere-vegetation General Circulation Model with
LIS topographies and ice masks taken from a transient
simulation of the ice sheet, using snapshots at 9.5, 9.0,
8.5 and 8.0 ka.

We find that the lowering of the LIS produces a dipole
pattern of surface ocean and air temperature anomalies
over the North Atlantic. Between 9.5 and 8.0 ka, we
model a progressive 2 °C cooling south of Iceland and 1 °C
warming between 40-50° N, matching sedimentary
records. This is associated with a weakening of the
Subtropical and Subpolar Gyres caused by a decreasing
wind stress curl over the gyres as the ice sheet lowers.
However, topographical changes between 8.5 ka and 8.0
ka induce minor climatic change relative to the ~160
year-long cooling pattern of the 8.2 kyr event.

ID: 01346, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Robust evidence for forced changes in ENSO: from the
mid-Holocene to the 21st century

Pamela Grothel, Kim Cobbl, Giovanni Liguoril,
Emanuele Di Lorenzol, Antonietta Capotondiz, R.
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Sayanil, Jean Lynch-Stieintz1 1) School of Earth and
Atmospheric Sciences, Georgia Tech, Atlanta, GA, USA 2)
NOAA, Earth System Research Laboratory, Physical
Sciences Division, Boulder, CO, USA 3) Department of
Earth Sciences, University of Minnesota, Minneapolis,
MN, US 4) Department of Geosciences, Georgia State
University, Atlanta, GA, USA
* Pamela Grothe, pamela.grothe@gatech.edu

The El Nifio-Southern Oscillation (ENSO) represents the
largest source of year-to year variability; however, its
sensitivity to external climate forcing, whether natural or
anthropogenic, is difficult to assess with available
records. High-resolution paleoclimate reconstructions of
ENSO provide a comprehensive view of ENSO variability
through the last centuries to millennia, particularly
monthly-resolved coral d*®0 records from the heart of
the ENSO region, in the central tropical Pacific (Cobb et
al., 2013). Here, we extend the paleo-ENSO record
through the generation of 16 new fossil coral d**o
timeseries, averaging 15yrs each, for a total of 233 years
of data that greatly augment the available paleo-ENSO
archive. Combining this new dataset with published data,
we quantify the differences in natural variations in ENSO
from the mid-Holocene to present using a variety of
different null hypotheses that includes multi-millennial
simulations from both statistical and dynamical models of
ENSO variability. We document a significant increase in
recent ENSO variance as compared to the last 7,000
years, implying a role for greenhouse gases in driving an
intensification of ENSO. We also find a significant
reduction in ENSO variance of roughly -20% from 3,000-
5,000yr before present, relative to the preceding and
subsequent intervals of data. The causes of the late mid-
Holocene reduction in ENSO variance may be linked to
the influence of fall and/or spring equatorial insolation
forcing, which perturbs the seasonal cycle at the critical
growth and decay phases of ENSO extremes, respectively.
Our findings imply that ENSO is sensitive to external
forcing, both natural and anthropogenic, although the
precise mechanisms for such responses require further
study. Our results imply that anthropogenic climate
change has likely contributed to the recent record-
breaking El Nifio events, and that future ENSO variance is
likely to remain strong under continued greenhouse
forcing.

ID: 02017, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

Economic response to climate change. Poland during
Little Ice Age

Piotr Guzowskil, Adam Izdebskiz, Monika Koztowska® 1)
University of Bialystok 2) Jagiellonian University
* Piotr Guzowski, guzowski@uwb.edu.pl
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In his recent opus magnum on the impact that the Little
Ice Age had across the globe in the 17" century, Geoffrey
Parker included a substantial chapter on the Polish
Lithuanian-Commonwealth, that is, Central Europe. Using
the data and results published by the previous
generations of Polish historians, he concluded that
Poland was hard hit by the warfare and economic decline
that could be associated with the LIA’s climate
instability.More recent data, however, suggest that
Poland’s story was actually different. First of all, the
palaeoclimate data from north-western Poland suggest
that the main cooling episode occurred in this part of
Europe in the middle of the 14" century, and not in the
17" c. In this later period, the climate conditions seem to
be relatively stable. Secondly, pollen profiles that cluster
in two key agricultural regions of the country, Greater
and Lesser Poland, suggest that there occurred no drop in
the spatial extent of cereal cultivation in the 17th
century; this suggests that there was no major crisis in
the key sector of the country’s economy. On the other
hand, there is a clear longer-term decline in all pollen
indicators of agriculture in the 14™ and 15™ century. Last
but not least, preliminary results of our research on
documentary data from estate inventories in different
parts of Poland also suggest that there was no significant
crisis in agricultural productivity (or rural demography) in
the 17" c. Consequently, despite its history of almost
incessant warfare throughout the period, Poland seems
to have escaped the real impact of the Little Ice Age, so
well documented in some others parts of the world. The
Little Ice Age in Poland was, in fact, the period of the
country’s greatest economic and political development.

ID: 01911, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)

Holocene paleoenvironmental change and sea level
variations in South Africa

Torsten Haberzettll, Michael WUndschl, Thomas
Kasperl, Roland Méusbacherl, Hayley Cawthraz,
Gerhard Dautl, Peter Frenzel3, Kelly Kirsten4, Lynne
Quicka, Matthias Zabels, Michael Meadows4, RAIN-
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As part of the SPACES programme, funded by the German
Federal Ministry of Education and Research (BMBF), the
RAIN (Regional Archives for Integrated iNvestigations)
project focuses on closely integrated investigations of
terrestrial and marine environmental archives in order to
assess paleoenvironmental change within the three
different rainfall zones of South Africa. Here we present
results from the terrestrial archives Groenvlei (vlei = lake)
and Eilandvlei in the year-round rainfall zone (YRZ), and
Verlorenvlei in the winter rainfall zone. Particular focus
will be on a 30.5 m long sediment core recovered from
Eilandvlei on the southern Cape coast. In this record,
radiocarbon dating turned out to be a major issue which
was solved by determining different reservoir effects
over time using paired terrestrial and bulk sediment
samples corroborated by paleomagnetic secular variation
stratigraphy. The final chronology reveals a basal age of
8920 +2°°/_250 cal BP indicating an average sedimentation
rate of 3.4 mm a. Up to now, this ultra-high-resolution
record of environmental change represents a unique
discovery for southern Africa. Using XRF data from this
core, different phases of deposition can be
reconstructed. High Ca and Sr values can be linked to
phases of enhanced deposition of marine sediments and
reduced terrestrial sediment input, while low Ca and Sr
values show the opposite. This is supported by
micropaleontological (diatom, pollen, ostracod and
foraminifera) investigations. Minerogenic input
indicators, e.g., K reflect changing hydrological conditions
in the catchment area of the lake. Results are compared
to the above mentioned archives as well as previously
published investigations from different archives (e.g.,
speleothems). Hydro-acoustic and sub-bottom profiling
investigations reveal a sediment thickness of >100 m in
Eilandvlei which bear the potential of extending the
record further back in time.

ID: 01640, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Reconstruction of Eemian mean ocean temperature
using ice core noble gas thermometry

Marcel Haeberlil, Daniel Baggenstosl, Thomas
KeIIerhaIsl, Jochen Schmittl, Hubertus Fischerl, Sarah
Shackletonz, Jeff Severinghaus2 1) Climate and
Environmental Physics, Physics Institute & Oeschger
Centre for Climate Change Research 2) Scripps Institution
of Oceanography, UC San Diego

* Marcel Haeberli, haeberli@climate.unibe.ch

Oceanic heat uptake carries the lion’s share of
glacial/interglacial changes in the planetary heat content,
and is the most integrative and representative parameter
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for quantifying long-term changes in the Earth’s energy
budget.

We are focusing on the Eemian interglacial. It is of
particular interest because - similar to climate in the later
21% century - global atmospheric temperatures for this
period were significantly warmer than pre-industrial,
although greenhouse gas forcing was similar.

The only proxies for ocean temperatures during the
Eemian are sediment cores which point to a significantly
warmer sea surface temperature in many regions and an
about 1.5°C warmer deep ocean compared to the present
interglacial. Models in contrast struggle to produce an
Eemian ocean average temperature that is significantly
warmer than at present.

The novel method of ice core noble gas thermometry
allows us to reconstruct global mean ocean temperature
(GMOT) on the basis of physical principles. The
xenon/krypton ratio in the atmosphere is a direct proxy
for GMOT because of the temperature dependence of
their solubility coefficients. The MOT in past times can
therefore  be  estimated using  high-precision
measurements of noble gas elemental ratios from gases
trapped in glacial ice after appropriate corrections for
archive-specific effects.

We performed Xe/Kr analyses on the EDC, EDML, and
Talos Dome ice core for the Eemian time interval (130 to
120 kyr B.P.). The measurements imply 2.3+0.5°C warmer
ocean temperatures compared to the Holocene. Latest
measurements on bubble ice from Taylor Glacier (Jeff
Severinghaus, personal communication), however, show
a smaller warming during the Eemian more in line with
deep ocean temperature reconstructions. Investigations
are ongoing whether this is due to a gas loss process
during storage of the samples at relatively high
temperatures (-25°C) related to fast relaxation of
clathrate ice.

ID: 01257, 06.- Before and after - climate contrasts across
the MPT, (Oral)

Simulating Mid-Pleistocene CO2 change

Mathis Hain' 1) University of Southampton, Ocean and
Earth Science * Mathis Hain, m.p.hain@soton.ac.uk

Ice age cycles in the atmospheric concentration of CO2
have exerted a forcing onto the climate system that helps
explain the magnitude and global reach of
glacial/interglacial climate change. Moreover, the key
processes thought to have caused CO2 change over
recent ice age cycles are themselves sensitive to changes
in climate that affect ocean circulation, biologically driven
carbon sequestration and seawater acid/base chemistry.
The notion of climate-carbon cycle feedbacks playing a
key role in the Mid-Pleistocene Transition in the
character and amplitude of ice age cycles contrasts with
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the widely held view of carbon cycle and CO2 change as a
driver of the MPT.

In this talk | will review key ocean drivers of atmospheric
CO2 change, using model simulations to frame the late
Pleistocene CO2 record as the consequence of three
alternating states of the climate system. Using a proxy-
driven inverse modeling approach CO2 can be predicted
back to 1.5 Myr, beyond the MPT. This exercise reveals
that changes in both Atlantic Meridional Overturning
Circulation and dust-borne fertilization of the Southern
Ocean acted as positive feedbacks that intensified ice age
conditions following the MPT. Detailed comparison
between model-predicted CO2 and observational
constraints on CO2, ice volume and temperature suggest
that secular carbon cycle change was not the initial
trigger for the MPT. Conversely, the intricate coupling
between carbon cycle and climate across the MPT should
serve as a warning of the manifold environmental
impacts to be expected in a high CO2 future.

ID: 02194, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

Dry/wet change characteristics of the past 1000 years
over eastern China

Zhixin Hao', Jingyun Zheng', Di Sun' 1) Key Laboratory of
Land Surface Pattern and Simulation, Institute of
Geographic Sciences and Natural Resources Research,
CAS, Beijing 100101, China

* Zhixin Hao, haozx@igsnrr.ac.cn

Based on Chinese historical documents, local
chorography and royal archives, the historical dry/wet
records were divided into five grades (drought, light
drought, normal, light flood, flood). Moreover, the
dry/wet change characteristics on seven regions over
eastern China were analyzed using 63-site yearly dry/wet
grade dataset which derived from above historical
records. The results show that the dry/wet variations
have experienced three periods. Most regions were
droughty from 960 to 1344, humid from 1345 to 1915,
droughty from 1916 to 2010, respectively. Compared
with temperature sequence of the past 1000 years over
eastern China, the climate was droughty during three
most warm periods(1370s-1450s,1500s-1580s and 1890s-
2000s ).By contrast, the precipitation was more
than normal during little ice age (1590s-1880s). Before
1340s, the climate was droughty with lower temperature
and humid with higher temperature. The spectrum
analysis proved that the dry/wet variations existed 5~8a
interannual period, 25-30a and 60 - 80a interdecadal
period, 90-110a centennial period over eastern China. On
interannual scale, the Yellow River basin was droughty in
160 El Nino years or the following years after 1525; on
centennial scale, there was strong positive correlation
between solar activities and dry/wet variations. In
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addition, the extreme drought/flood events and their
high frequency periods were identified of the past 1000
years.

ID: 01307, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Human disturbance and resilience of a tropical peatland
in Sumatra, Indonesia

Kartika Hapsaril, Siria Biagionil, Tim Jennerjahnz, Peter
Reimer3, Asmadi Saad4, Supiandi Sabihams, Hermann
Behling' 1) University of Goettingen, Germany 2) Leibniz
Center for Tropical Marine Ecology (ZMT), Bremen,
Germany 3) Goshen College, Indiana, USA 4) University of
Jambi, Indonesia 5) Bogor Agriculture University (IPB),
Indonesia * Kartika Hapsari, kartika.hapsari@biologie.uni-
goettingen.de

Pressures on peatland in Southeast (SE) Asia due to land
use and conversion escalate in the past few decades,
following the increase in population demand for food,
settlements and resources. In order to prevent loss and
to maintain the important functions of this ecosystem,
management strategies are urgently required. Historical
information can provide valuable knowledge on
ecosystem response to disturbance and their resilience.
Thus, in order to create effective management strategies
on peatland under rapidly changing global environment,
it is important to include a historical perspective.

Unfortunately, knowledge on past disturbance of
peatland in SE Asia remains a large gap, particularly of
how past human interventions controlled vegetation
composition and C accumulation in peatlands. Due to lack
of evidence, extensive human disturbance is considered
to be novel. Thus, understanding the impact of peatland
resilience to human-induced disturbance prevail to be a
huge challenge.

By conducting palaeoecological study in a peatland on
the coastal area of Jambi, Central Sumatra, we found
strong evidence of extensive human disturbance from
1100 to 500 years ago, indicated by the openness in
vegetation and decreased ecosystem ability to
accumulate peat and carbon. The disturbance is noticed
to be resulted from logging and grazing activities
conducted by the inhabitants of Malayu Empire in the 9™
to 14" century, whose temple remain is located close to
the peatland. After the land abandonment as the Empire
moved to the hinterland area, the record interestingly
showed that ecosystem has recovered. In addition, the
record suggests that socioeconomic situation was a
significant indirect driver on peatland vegetation and its
function.
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Keywords: peatland, long-term data, disturbance, human
impact, resilience

ID: 01417,03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Tree growth and productivity during the Last Millenium:
a forward modelling approach for data-model
comparisons

Sandy P. Harrison®, Guangqi Li', 1. Colin Prentice’ 1)
Centre for Past Climate Chnage and School of
Archaeology, Geography and Environmental Science,
University of Reading 2) AXA Chair of Biosphere and
Climate Impacts, Department of Life Sciences, Imperial
College London, Silwood Park Campus, Ascot, UK * Sandy
P. Harrison, s.p.harrison@reading.ac.uk

The derivation of Last Millennium climate reconstructions
from tree-ring series is based on several assumptions
including that (a) ontogenetic effects on radial growth
can be removed statistically, (b) tree growth at a given
site is controlled by a single climate factor and the
statistical relationship between radial growth and this
factor is invariant through time, (c) non-climatic factors
such as changing CO, concentrations [CO,] have
negligible impacts on growth, and (d) allocation of stem
growth is a constant proportion of total productivity.
Here we use a first-principles light-use efficiency model
(the P model) coupled to a tree growth and allocation
model (the T model) to investigate these assumptions.
This forward modelling approach provides a way of
explicitly accounting for ageing effects on tree growth.
Comparisons of simulated productivity, driven by climate
outputs from an ensemble of CMIP5-PMIP3 Last
Millenium simulations, show different patterns of
temporal and geographic variability from those present in
individual climate variables, indicating that long-term
trends in radial growth do not necessarily reflect single-
factor controls. Furthermore, carbon allocation between
above- and below-ground components of the tree can be
affected by both climate and changes in [CO,] and could
thus modulate the apparent relationship between stem
growth and climate. These results suggest a way forward,
by which process-based modelling allowing the
relaxation of unrealistic assumptions, and building on
ecophysiological theory — could allow more soundly
based interpretations of tree-ring data and comparisons
with palaeoclimate simulations.

ID: 01548, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Invited
Oral)

Contrasting protactinium regimes between the North
Pacific and the North Atlantic


mailto:s.p.harrison@reading.ac.uk

ABSTRACT BOOK

Christopher Hayes' 1) University of Southern Mississippi
* Chris Hayes, christopher.t.hayes@usm.edu

There is a deficit in sedimentary protactinium (Pa)
accumulation with respect to its production in the water
column within the interior of both the North Pacific and
North Atlantic Oceans. In the Pacific, this deficit has been
ascribed to boundary scavenging, or transport of Pa by
dispersive fluxes to areas of higher scavenging intensity
at ocean margins. In the Atlantic, where dispersive fluxes
have a higher advective component than in the Pacific,
the interior ocean Pa deficit has been linked to the flow
of North Atlantic Deep Water and furthermore to the
magnitude of the Atlantic Meridional Overturning
Circulation. How have recently reported water column Pa
and Th distributions informed these classic, contrasting
views? In the North Pacific, Pa appears to be removed
more efficiently across large biogeographic provinces,
rather than only at the margins, at the edges of the
subtropical gyre, such as the subarctic gyre or the
equatorial upwelling zone. Across the Pacific, the Pa
budget appears to be roughly in balance. In the North
Atlantic, there is a clear impact of ventilating water
masses on seawater Pa concentrations, but the water
column Pa/Th ratio is much more related to variations in
scavenging intensity than to water mass origin. However,
barring a yet-to-be-observed, massive Pa sink from
hydrothermal scavenging along the mid-Atlantic ridge, Pa
must be exported out of the North Atlantic water
column, though the exact pathway is still unclear. It may
be that removal of Pa from the interior North Atlantic is
much more diffusive than previously thought, while still
maintaining a net north-to-south transport.

ID: 01982, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

Achievements and Future Direction of the Pliocene
Model Intercomparison Project

Alan Haywoodl, Harry Dowsettz, Aisling Dolanl, Bette
Otto-BIiesner3, Mark Chandler4, Daniel Lunts, David
Rowleys, Ayako Abe-Ouchi7, Ulrich Salzmanns, PlioMIP
Participants9 1) School of Earth and Environment,
University of Leeds, Leeds, West Yorkshire, UK 2) United
States Geological Survey, Reston, Virginia, USA 3)
National Center for Atmospheric Research, Boulder,
Colorado, USA 4) NASA Goddard Institute for Space
Studies, New York, USA 5) School of Geographical
Sciences, University of Bristol, Bristol, UK 6) Department
of the Geophysical Sciences, University of Chicago,
Chicago, USA 7) CCSR, University of Tokyo, Tokyo, Japan
8) Department of Geography, Northumbria University,
Newcastle, UK 9) Various Internationally

* Alan Haywood, earamh@Ieeds.ac.uk

The mid-Piacenzian (Pliocene) Warm Period (~3.3 to 3
million years ago) appears to have been a warmer and
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wetter world with a higher concentration of CO, in the
atmosphere (compared to the pre-industrial era). Whilst
numerical climate models have shed light on the nature
of the climate system at the time, uncertainties in their
predictions are only now being systematically examined.
Since 2008 the Pliocene Model Intercomparison Project
(PlioMIP) has quantified uncertainties in model outputs
through a coordinated multi-model and multi-
model/data intercomparison. Here we summarise the
achievements of PlioMIP to date, derived from ~50
project publications, and present ongoing work and the
future direction of the project.

So far the project has focussed on the nature of tropical
circulation (both the Walker and Hadley circulations),
monsoon systems (East Asian and African monsoons),
modes of climate variability (i.e. ENSO), ocean circulation
and heat transport (the AMOC), Arctic sea-ice behaviour
and polar amplification. Additional studies have
examined implications of Pliocene simulations for Climate
and Earth System Sensitivity. Model performance has
been assessed by comparison to available land and ocean
temperature data, with lessons learned in terms of the
methodological approaches towards data/model
comparison.

Phase 2 of PlioMIP is currently underway and, whilst
being a CMIP6 endorsed climate experiment, introduces
a new focus on sensitivity experiments to inform the
understanding of Pliocene climate and the nature of
data/model coherence, as well as the utility of the
Pliocene to better understand the nature of future
climate change. This includes a new focus on a narrower
time window for proxy data synthesis (Marine Isotope
Stage M2 to KMS5) providing the capability to include
estimates of surface temperature temporal variability
into Pliocene data/multi-model comparison for the first
time.

ID: 01992, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Sea-saw-like repeated extinction patterns of cold-water
corals across the Strait of Gibraltar

Dierk Hebbelnl, Thomas Krengelz, Andrea Schroder-
Ritzrauz, Norbert Frank® , Claudia Wienberg1 1) MARUM -
Center for Marine Environmental Sciences, University of
Bremen, Germany 2) Institute for Environmental Physics,
University of Heidelberg, Germany
* Dierk Hebbeln, dhebbeln@marum.de

As ecosystem engineers, cold-water corals are at the base
of impressive ecosystems found mainly in intermediate
waters along many continental margins in the world. On
geological time scales, the accumulation of fossil corals
and other remains of these ecosystems in combination
with hemipelagic sediments form impressive sea bed
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structures, called cold-water coral mounds. These
mounds that can reach heights of >300 m can serve as
paleo-archives preserving the long-term development of
cold-water corals, their associated ecosystems, and the
environmental setting. Applying the Bremen Seafloor Drill
Rig (MeBo) to cold-water coral mounds from both sides
of the Strait of Gibraltar yielded up to 70 m long
sediment cores covering the last ~400,000 vyears.
Comparing these paleo-records reveals a see-saw pattern
with active coral ecosystems in the Alboran Sea being
mainly restricted to warm climate settings in contrast to
the Moroccan Atlantic margin, where they mainly
occurred during colder climates. As immobile benthic
organisms, the corals could not move to escape
unfavorable environmental conditions and, obviously,
rates of environmental change were too fast to adapt.
Consequently, upon deteriorating environmental
conditions the cold-water corals died off. Interestingly,
paced by the major Late Quaternary climatic cycles,
repeating cycles of on- and offset of coral prosperity can
be observed on either side of the Strait of Gibraltar, most
likely responding to cyclic environmental changes driven
by these climatic cycles. However, it appears that rather
regional oceanographic responses controlling the food
supply to the corals govern their occurrences than the
overall climate setting. One of the major open questions
addresses the processes of the repeated re-
establishment of the coral ecosystems.

ID: 01364, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Last millennium meridional shifts in hydroclimate in the
central tropical Pacific

Melinda Higley 1, Jessica Conroy 1, Susan Schmitt! 1)
University of lllinois at Urbana- Champaign
* Melinda Higley , mchigley@illinois.edu

The spatial structure of last millennium hydroclimate
history in the tropical Pacific requires continuous, high
temporal resolution archives of past moisture balance
across spatial gradients of precipitation. To date, only
one 600-year terrestrial record of hydroclimate is
available for the central tropical Pacific, (CTP) limiting the
ability to test hypotheses about shifts of the Intertropical
Convergence Zone (ITCZ). Here we present a new lake
sediment record and mineralogical modeling results from
Lake 30 on Kiritimati Island (1.9° N, 157.4° W), which
provide a critical test of past ITCZ migration for the CTP.
We use geochemical and sedimentological data to infer
centennial periods of fresher and more saline lake water
during the last 2000 years. An episode of increased
microbial mat development and gypsum precipitation
defines 900 to 1250 C.E., coincident with the Medieval
Climate Anomaly (MCA). Modeling of mineralogical
evolution in this lake indicates increased evaporation,
due to a period of extended aridity, drives precipitation
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of gypsum in Lake 30. A shift from gypsum and microbial
mats to carbonate sediment at the transition between
the MCA and the Little Ice Age (LIA), when a lake 3° to the
north of Kiritimati shows the opposite trend, supports the
hypothesis of a southward shift, rather than a
contraction, of the ITCZ at this time in the CTP, leading to
increased precipitation over Kiritimati.

ID: 02249, 06.- Before and after - climate contrasts across
the MPT, (Oral)

A continuous 1.5-million year record of millennial
climate variability from the Iberian Margin

David Hodelll, Polychronis Tzedakisz, Luke Skinnerl,
Maryline Vautravers', James Rolfe', John Nicolsonll)
Godwin Laboratory for Palaeoclimate Research,
Department of Earth Sciences, University of Cambridge 2)
Department of Geography, University College London
* David Hodell, dah73@cam.ac.uklODP Site U1385
(“Shackleton site”) was drilled on the Iberian Margin,
which is a well known source of high-fidelity records of
late Pleistocene climate variability. We extended the
piston core records in the region by producing a
millennial-resolved record of planktic and benthic 80
for the last 1.5 Ma. The record is used to evaluate how
millennial climate variability evolved across the Middle
Pleistocene Transition.

Millennial-scale variability has been a strong, persistent
feature of surface climate on the lberian Margin during
glacial periods for the last 1.5 Ma. Increases in
planktic §'°0 are mirrored by decreases in benthic 6°C,
suggesting surface water cooling was accompanied by
changes in overturning circulation. For the stronger
millennial events, the phasing of benthic and
planktic §'0 is consistent with a pattern indicative of an
active bipolar seesaw. Millennial variability was enhanced
during glacial stages and suppressed during interglacials
and maximum glacial periods. At Site U1385, millennial
variability in planktic 5'°0 is enhanced when benthic 60
values fall between ~3.2 and 4 o/oo (uncorrected C.
wuellerstorfi). Prior to 650 ka, millennial-scale variability
was activated when obliquity dropped below 23.5°
providing evidence of obliquity modulation of the
amplitude of millennial variability. Low obliquity has been
associated with ice growth during glacial inceptions and
the appearance of bipolar seesaw climate variability.

Prior to 1.25 Ma during the “41-kyr world”, millennial
variability persisted through the glacial period as
benthic §°0 values always fell within the “millennial
window”. After 1.25 Ma, millennial variability was most
prominent during times of intermediate ice volume, and
especially glacial inceptions and terminations. The style
of millennial variability changed at 650 ka (MIS 16) with
the growth of very large ice-sheets and introduction of
additional ice sheet dynamics (e.g.,Heinrich events).
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ID: 01290, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Antarctic Last Interglacial Isotope Peak in Response to
Sea Ice Retreat not Ice Sheet Collapse

Max HoIIowayl, Louise Sime', Joy Singarayerz, Julia
Tindall3, Pete Bunch4, Paul Valdes® 1) British Antarctic
Survey 2) University of Reading 3) University of Leeds 4)
University of Cambridge 5) University of Bristol
* Max Holloway, maxllol5@bas.ac.ukSeveral studies
have suggested that the Antarctic Ice Sheet was the
primary contributor to sea level rise during the last
interglacial (LIG; 130,000 to 115,000 years ago), most of
which is hypothesized to have come from the unstable
West Antarctic Ice Sheet (WAIS). Collapse of the WAIS
would contribute ~3.5 m to the 5-9 m sea level rise
reconstructed for the LIG. The prevalent hypothesis is
that WAIS loss coincided with the peak Antarctic
temperature and stable water isotope values from
128,000 years ago (128 ka); very early in the last
interglacial. Using Bayesian multivariate linear regression
and a statistical model comparison to combine isotope-
enabled climate model simulations with Antarctic ice
core data, we show that WAIS loss is not consistent with
the isotopic evidence at 128 ka. Instead, a 65 + 7 %
retreat of Antarctic winter sea ice area best explains the
128 ka ice core evidence. This finding of a dramatic
retreat of the sea ice at 128 ka demonstrates the
sensitivity of Antarctic sea ice extent to climate warming.
These results may also provide supporting evidence for
WAIS loss and sea ice build up later during the LIG.

ID: 01855, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Invited Oral)

North African humid phases during the last 500 ka

Dirk L. Hoffmannl, Mike Rogersonz, Marc Luetscher3,
Christoph Spt’)tl3, Moez Mansoura4, Barbara Mauzs,
Nejib Kallel® 1) MaxPlanck Institute for Evolutionary
Anthropology, Department of Human Evolution, Leipzig,
Germany 2) School of Environmental Sciences, University
of Hull, Hull, UK 3) Innsbruck Quaternary Research Group,
University of Innsbruck, Innsbruck, Austria 4) Office
National des Mines, La Charguia, Tunisia 5) School of
Environmental Sciences, University of Liverpool,
Liverpool, UK 6) Université de Sfax, Faculté des Sciences,
Laboratoire GEOGLOB, Sfax, Tunisia

* Dirk Hoffmann, dirk.hoffmann@eva.mpg.de

There have been significant changes in the palaeorainfall
system of the African continent on millennial timescales,
primarily driven by migration of the Intertropical
Convergence Zone and its attendant monsoon belt.
However, there are only scarce continental palaeoclimate

Zaragoza, Spain, 9-13 May 2017

65

PAGES —OSM 2017

data for northern Africa and the lack of well-dated time
series of precipitation from the region seriously hinders
understanding of underlying mechanisms as well as
potential consequences for human habitats and past
migration patterns. Recent work on a stalagmite from
Cyrenaica, Libya, revealed previously unknown humid
phases in North Africa during the last glacial period with
significant implications for past human migration during
that period. Here, we present new results obtained on
North African speleothems. One cave is located near
Gafsa (Tunisia) in a currently arid zone. The cave is dry
today, but it contains stalagmites, flowstones and
columns indicating previous wet conditions in the cave.
We analysed drill cores taken form a suite of small
stalagmites and pieces from flowstone and column
formations. U-Th dating of the specimen revealed timing
of past humid phases, mainly during interglacial periods
in the last 500 ka, with episodic speleothem growth
during marine isotope stages (MIS) 12/11, 9, 7 and 5. We
also find short episodes of speleothem formation during
the last glacial period. Assessing the timing and spatial
extension of humid phases is complemented by analyses
on a stalagmite recovered in a cave in the Djebel Serj,
about 200 km north of Gafsa. We find that a ca 800 mm
long stalagmite formed episodically during MIS 9, 7 and
5. We will present details on timing of humid phases
across the Tunisian North African realm and also results
of stable oxygen and carbon analyses on the speleothems
to assess potential changes of local hydrology, vegetation
or rain water source in more detail.

ID: 02130, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Dust as a tracer of, and feedback on glacial abrupt
climate change

Peter Hopcroft', Paul Valdes' 1) School of Geographical
Sciences, University of Bristol

* Peter Hopcroft, peter.hopcroft@bristol.ac.uk

Mineral dust is a major natural aerosol in today’s climate.
Changes in desert dust in the atmosphere are thought to
contribute to interannual or decadal regional climate
variability. During the last glacial period, atmospheric
dust in Greenland and in the tropical Atlantic varied
several-fold over the course of Dansgaard-Oeschger
warming events. However, relatively little is known about
the impact of these dust variations on climate forcing, or
what they reveal about the mechanisms underlying
abrupt climate change. To address these questions, we
performed simulations of abrupt climate transitions using
an Earth System model with interactive vegetation and
aerosols (HadGEM2-ES) and ice-age boundary conditions.
We evaluated two different mechanisms proposed to
date. The first relies on ocean circulation changes in the
North Atlantic which are modelled by prescribing an
artificial freshwater flux. In the second, Arctic sea-ice
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fluctuations are forced using a basal sea-ice heat flux
method. The two scenarios produce similar warming
signals over Greenland, but with radically different
climate perturbations further afield, particularly over the
tropics. The resultant dust aerosol changes are also very
different, with a much larger response to the freshwater
forcing. We evaluate the Earth System model simulations
with the available climate and dust reconstructions to
compare the likely realism of the two scenarios. We also
calculated the dust radiative forcing. This shows a
globally averaged difference of 1Wm?in response to the
freshwater forcing, which is equal to that simulated for
glacial-interglacial difference with the same model. This
raises the possibility of a role for dust changes in shaping
the climatic evolution during Dansgaard-Oeschger events.

ID: 01793, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Invited
Oral)

Reconstructing ocean circulation using paired
measurements of Cd/Ca and Cd-isotopic compositions
of deep-sea corals

Tristan Hornerl, Selene EItgrothz, Gideon Hendersong,

Rosalind Rickaby3 , lJess Adkins’ 1) Woods Hole
Oceanographic Institution 2) California Institute of
Technology 3) University of Oxford

* Tristan Horner, Tristan.Horner@whoi.edu

Reconstructing deep-ocean circulation requires robust
proxies for ocean conditions as well as sedimentary
archives that faithfully capture the tracer of interest.
Analysis of the Cd (cadmium) content of sediments
satisfies both of these requirements, as marine Cd
distributions mimic those of the algal nutrient phosphate,
and Cd readily substitutes for Ca (calcium) in carbonates.
However, the Cd/Ca of some biominerals, such as
scleractinian deep-sea corals, can appear unrelated to
ambient nutrient inventories, leading to uncertain
estimates of past ocean circulation. We hypothesized
that this variability originates from physiological
modulation of calcification efficiency and should result in
strongly correlated Cd/Ca and Cd-isotopic ratios in
precipitated aragonite. We find that skeletal Cd/Ca and
Cd-isotopic compositions exhibit considerable variability,
which we quantified by renormalizing our results to
ambient seawater data obtained by the GEOTRACES
Program. This renormalization illustrates that Cd/Ca and
Cd-isotopic compositions are indeed strongly correlated
across all specimens, defining a continuum bounded by
corals with no discernible offsets from ambient seawater
to samples significantly enriched in Cd/Ca with light Cd-
isotopic compositions. The direction and maximum Cd-
isotopic offset observed in the deep-sea corals is similar
to that associated with inorganic carbonate precipitation,
supporting a common mechanism of Cd-isotopic
fractionation. We successfully modeled our results using
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Rayleigh- and Steady-State biomineralization models,
which altogether provide strong support for the
calcification efficiency hypothesis. We use these models
to develop a calibration that corrects for physiological
modification of ambient Cd/Ca during aragonite
precipitation. This calibration enables deep-sea corals to
be used as archives of ocean nutrient inventories—and
thus past circulation—that we applied to a suite of fossil
corals recovered from deglacial North Atlantic.

ID: 02288, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Oral)

Who came first to central Sweden, reindeers (Rangifer
tarangus) or human hunters?: insights from ancient-
DNA analyzes of lake sediments and archeological
material

Yu-Tuan (Doreen) Huangl, Johan Linderholm?, Anne van
Woerkoml, Malin Brundin3, Heng Zhang4, Rolf Zalel,
Love Daléns, Jonatan Klaminder® 1) Department of
Ecology and Environmental Science, Umea University,
Umea, Sweden 2) Department of Historical, Philosophical
and Religious Studies, Umea University, Umea, Sweden 3)
Department of Odontology, Umea University, Ume3,
Sweden 4) School of Science, University of Waikato,
Hamilton, New Zealand 5) Department of Bioinformatics
and Genetics, Swedish Museum of Natural History,
Stockholm, Sweden
* Doreen Huang, doreen.huang@umu.se

Our understanding about reindeer (Rangifer tarangus)
migration into the post-glacial landscape of Scandinavia
currently relies on findings of macrofossils from
archeological settings. This approach heavily relies on the
presence and preservation of bone fossils at
archaeological sites; however, rare reindeer bones have
been found from archaeological sites and so the
migration history of reindeers in Sweden remains
unclear. Therefore, we examined the presence of
reindeer ancient-DNA (a-DNA) preserved in lake
sediments and compared the oldest reindeer DNA in
sediment with ages inferred from fossils findings from a
nearby Mesolithic settlement. At our study site, a-DNA in
sediment reveals that the reindeers probably arrived to
this area around 7.4 kyr BP and occurred continuously,
with no apparent indications of extinction events in
response to climate change, for more than seven
millennia. Moreover, “C dates of burned bones
suggested that human hunters arrived here around ca 7.2
kyr BP which is about the same time as reindeers did.
Mitochondrial DNA from an unburned reindeer bone (ca
5.6 kyr old) from the site was phylogenetically related to
haplotype cluster Il which is likely originated from a
population from south Sweden ~10 kyr BP. We discuss
the implications of our findings in a Scandinavian context
and outline a timeline for migration of a reindeer
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population (cluster Il) in history, as well as human
hunters presumably following these reindeers, toward
northern Sweden, information of importance when
understanding the domestication processes in
Scandinavia.

ID: 02014, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Out of Amazonia: Late-Holocene climate change and the
Tupi—Guarani trans-continental expansion

Jose Iriarte’ , Richard Smith? , Jonas Gregorio de Souzal,
Francis Mayle2 , Bronwen Whitney4, Maria Lucia
Cardenas’, Joy Singarayerz, John F Carson®, Shovonlal
Royz, Paul Valdes® 1) University of Exeter 2) University of
Reading 3) University of Bristol 4) University of
Northumbria * Jose Iriarte, J.Iriarte@exeter.ac.uk

The late-Holocene expansion of the Tupi—Guarani
languages from southern Amazonia to SE South America
constitutes one of the largest expansions of any linguistic
family in the world, spanning ~4000 km between
latitudes 0°S and 35°S at about 2.5k cal. yr BP. However,
the underlying reasons for thisexpansion are a matter of
debate. Here, we compare continental-scale
palaeoecological, palaeoclimate and archaeological
datasets, to examine the role of climate change in
facilitating the expansion of this forest-farming culture.
Because this expansion lies within the path of the South
American Low-Levellet, the key mechanism for moisture
transport across lowland South America, we were able to
explore the relationship between climate change,
forest expansion and the Tupi—Guarani. Our data
synthesis shows broad synchrony between late-Holocene
increasing precipitation and southerly expansion ofboth
tropical forest and Guarani archaeological sites — the
southernmost branch of the Tupi—Guarani. We conclude
that climate change likely facilitated the agricultural
expansion of the Guarani forest-farming culture by
increasing the area of forested landscape that they could
exploit, showing a primeexample of ecological
opportunism.

ID: 02166, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

The Making of the Forest: Human-induced spread of
Araucaria forest out of their natural range in the
southern Brazilian highlands

Jose Iriartel, Mark Robinsonl, Jonas de Souzal,
Macarena Cardenasz, Francis Mayle2 , Rafael Corteletti® ,
Paulo DeBlasis® 1) University of Exeter 2) University of
Reading 3) Federal University of Pelotas 4) University of
Sao Paulo * Jose Iriarte, J.Iriarte@exeter.ac.uk
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In this presentation, we examine the late Holocene
environmental and cultural sequences of the southern
Brazilian highlands that indicate that major changes in
the socio-political organisation of southern proto-Je
groups (increase in number and size of villages, arrival of
monumental architecture and the appearance of
oversized pithouses) are associated with the expansion
of Araucaria forest around A.D. 1000. To understand the
natural vs. human factors involved in this striking
expansion, we model the ‘natural’ distribution
of Araucaria forests and combine archaeology with stable
carbon isotopes, charcoal, pollen and phytolith analyses
to test the hypothesis that the spread of Araucaria forest
beyond its natural range was human-induced. In regions
devoid of archaeology the Araucaria forest is restricted to
southern slopes, while in archaeologically rich regions the
forest spreads onto northern slopes and plateaus. We
discuss the implications of these findings for conservation
biology.

ID: 02073, 27.- The climate record of the past 5 million
years: from the seasonal cycle to Ice Ages, (Oral)

Pollen and spores as biological recorders of past
ultraviolet irradiance

Phillip Jardinel, Wesley Fraserz, Barry Lomax3, Mark
Sephton®, Timothy Shanahan®, Charlotte Miller®,
William Gosling7 1) School of Environmental, Earth &
Ecosystem Sciences, The Open University, UK 2)
Department of Social Sciences, Oxford Brooks University,
UK 3) Agriculture & Environmental Science, University of
Nottingham, UK 4) Department of Earth Sciences &
Engineering, Imperial College London, UK 5) Department
of Geological Sciences, University of Texas at Austin, USA
6) MARUM, University of Breman, Germany 7) Institute
for Biodiversity & Ecosystem Dynamics, University of
Amsterdam, Netherlands

* William Gosling, w.d.gosling@uva.nl

Solar ultraviolet (UV) irradiance is a key driver of climatic
and biotic change. Ultraviolet irradiance modulates
stratospheric warming and ozone production, and
influences the biosphere from ecosystem-level processes
through to the largest scale patterns of diversification
and extinction. Yet our understanding of ultraviolet
irradiance is limited because no method has been
validated to reconstruct its flux over timescales relevant
to climatic or biotic processes. Here, we show that a
recently developed proxy for ultraviolet irradiance based
on spore and pollen chemistry can be used over long
(1075 years) timescales. Firstly we demonstrate that
spatial variations in spore and pollen chemistry correlate
with known latitudinal solar irradiance gradients. Using
this relationship we provide a reconstruction of past
changes in solar irradiance based on the pollen record
from Lake Bosumtwi in Ghana. As anticipated, variations
in the chemistry of grass pollen from the Lake Bosumtwi
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record show a link to multiple orbital precessional cycles
(19-21 thousand vyears). By providing a unique, local
proxy for broad spectrum solar irradiance, the chemical
analysis of spores and pollen offers unprecedented
opportunities to decouple solar variability, climate and
vegetation change through geologic time and a new
proxy with which to probe the Earth system.

ID: 01734, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Reconstructing rates of changes in global soil erosion
from lake sediment archives

Jenny Jean—PhiIippel, Francus Pierre’, Gregory-Eaves
Irene 3, Baud Alexandre 3, Lapointe Frangoisz, Noren
Anders", Brady Kristina", Normandeau AIexandreS,
Ahrens Bernhard ', Carvalhais Nuno' 1) Max Planck
Institute for Biogeochemistry, 10, 07745 Jena, Germany
2) Centre Eau Terre Environnement, INRS, G1K9A9
Québec (Qc), Canada 3) Dept. of Biology, McGill
University, Montreal, Canada 4) National Lacustrine Core
Facility (LacCore), Minneapolis, USA 5) Geological Survey
of Canada, Bedford Institute of Oceanography, B2Y 4A2,
Canada * Jean-philippe Jenny, jjenny@bgc-jena.mpg.de

Increase in soil erosion causes soil degradation, reduces
soil productivity, and compromises freshwater ecosystem
services. However, global patterns of anthropogenic soil
erosion and fluvial sediment transfer remain poorly
understood (PAGES-GloSS). To document rates of
changes in soil erosion at global scales during the last
200-500 years, we have compiled published data on
sediment accumulation rates (SAR) from 500 lake
sediment archives, and new highly resolved data on
density (Ct-Scan), mineral chemistry (XRF) from 400 lake
sediment records at the GIRAS laboratory (INRS, Canada),
in collaboration with the National Lacustrine Core Facility
(LacCore). Using such global network of empirical data
and numerical modeling, we were able to identify
hotspots of changes in soil erosion during the
Anthropocene and key environmental drivers.

ID: 01714, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Oral)

GEOTRACES Intermediate Data Products: good tools for
modern and paleo oceanography

Catherine  Jeandel ,  Robert Anderson’ 1) LEGOS
(University of Toulouse, CNRS/CNES/IRD/UPS) 2) LDEO of
Columbia University, N-Y, USA

* Catherine Jeandel, catherine.jeandel@legos.obs-mip.fr

One of the main policies of the international program of
geochemistry GEOTRACES (www.geotraces.org) is to
regularly publish an open source data base and atlas of
the different parameters acquired in the framework of
the program. Data are first validated following a very
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strict standard and inter calibration procedure, and then
loaded in the electronic atlas, for some of them even
before being published (http://www.egeotraces.org/).
The first Intermediate Data Product was launched in 2014
(IDP 2014). The second one will be published in summer
2017 (IDP 2017). The talk will discuss how the IDP 2014
helped to better understand of the modern fate of
tracers that are currently used in paleoceanography.
Three examples will be discussed: 1) data obtained along
a meridianal South Atlantic section (GA02) revealed non-
linearity on the global Cd-PO, relationship, attributed to
horizontal advection of Cd-depleted low oxygen
Subantarctic Mode waters (Xie et al, 2015); 2) the
different affinities of Th and Pa for particulate materials
propelled for years the Pa/Th ratio as efficient boundary
scavenging tracer; contrastingly, it was also proposed
that Pa/Th past variations along the North Atlantic Deep
water was reflecting variations of the deep Atlantic water
ventilation: recent data call into question this hypothesis
(Hayes & Anderson, this session), although the debate is
still not close; 3) the invited talk of Tachikawa et al. (this
session) will already discuss the requirements for the use
of Nd as paleo circulation tracer, but examples of the
modern behavior of the rare earths questioning the
quantification of their sources to the ocean will also be
presented (Zheng et al, 2016). The consequences of these
modern results for the interpretation of paleo records
will be discussed, demonstrating the advantage of such
open data product for the different communities.

ID: 01789, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Orbital- and millennial-scale environmental and climate
changes in the Mediterranean area during the middle
and late Quaternary: a new sediment record from el
Padul, Sierra Nevada (S Spain)

Gonzalo Jiménez—Morenol, Jon Camueral, Maria J.
Ramos-Roménl, Antonio Garcia-AIixl, Jaime L. Toneyz,
R. Scott Andersona, Francisco Jiménez-EspejoA, Darrell
Kaufman® , Jordon Bright6 , Dirk Sachse® 1) Universidad de
Granada 2) University of Glasgow 3) Northern Arizona
University 4) JAMSTEC 5) University of Potsdam 6)
University of Arizona

* Gonzalo Jimenez Moreno , gonzaloj@ugr.es

Long paleoenvironmental records are necessary in order
to understand recurrent climatic or environmental
changes occurring with a certain periodicity (i.e., glacial-
interglacial cycles). In this respect, the Padul peat bog has
one of the best available records of Pleistocene
sediments in semiarid Southern Europe. The sedimentary
sequence is more than 100 m thick and has been used to
study palaeoenvironmental change for the past ca. 1 Ma.
Since the 1960s several cores have already been taken
from this basin showing oscillations in many proxies
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(pollen, organic geochemistry and sedimentation) related
with paleoclimatic and paleohydrological changes.
However, a more detailed and higher resolution study,
using new dating and analytical techniques (AMS 14C,
OSL, AAR, continuous XRF-scanning, high-resolution
pollen analysis and geochemistry), needs to be done in
such an interesting site. Here we present preliminary
paleoenvironmental data from a new sediment core,
Padul-15-05, which shows significant changes in the
environment and lake sedimentation, probably related
with glacial-interglacial climate dynamics during the past
ca. 300,000 years. These data confirm that orbital- as well
as suborbital-scale variability (i.e., Heinrich events) are
recorded in the studied core. This unique record thus has
very high potential for paleoenvironmental and
paleoclimatic reconstructions for, at least, the two last
climatic cycles in this semiarid Mediterranean area.

ID: 01528, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Invited Oral)

What'’s so hot about the carbonate record in Lake Kivu?

Thomas Johnson®, Jillian Votava®, Robert Hecky1 1) Large
Lakes Observatory, University of Minnesota Duluth,
Duluth, MN 55812

* Thomas Johnson, tcj@d.umn.edu

The presence or absence of calcite or aragonite (CaCOs;)
in the sediments of many East African lakes reflects the
history of past rainfall, with carbonate deposition
indicating relatively arid conditions, a lake level lowered
below outlet elevation, and consequent rise in lake water
salinity and carbonate saturation.

Aragonite first appears in the Holocene sediments of
Lake Kivu at 3,100 cal ybp (3.1 ka), around the end of the
African Humid Period, consistent with a shift to more arid
conditions. Aragonite has accumulated intermittently
since then, at 3.1-2.2 ka, 1.9-1.5 ka, and more recently
between AD 1580 and 1900, and from AD 1975 to the
present day. However in the case of Lake Kivu, we find
that the magnitude and timing of carbonate-rich
sedimentation is not so much controlled by climate but,
instead, linked strongly to hydrothermal activity in the
basin. Lake Kivu, with a maximum depth of about 400 m,
is unusually stratified as a result of active volcanism
nearby, with warmer, more saline water holding high
concentrations of methane and CO, underlying cooler
fresh water. We find that the history of carbonate
sedimentation in Lake Kivu reflects the timing and
duration of past hydrothermal input to the lake. The
stable isotopic composition of aragonite and the lake’s
calcium budget reveal the strong link between
hydrothermal input and aragonite deposition. The
sporadic injection of hydrothermal fluids and gases to the
lake, as indicated by the carbonate record, signals the
difficulty of predicting future trends and potential for
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catastrophic degassing, which would be potentially fatal
to >2 million people living near the lake shore.

ID: 01810, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Socio-ecological trajectories and tipping-points in the
making of the Cretan landscape (Greece) from Neolithic
to Present day

Isabelle Jouffroy-Bapicotl, Boris Vanniére', Tiziana
Pedrottaz, Virginia Iglesiasl, Maxime Debret3, Pierre
Sabatier” 1) Chrono-Environment Laboratory, UMR 6249
CNRS, Université Bourgogne Franche-Comté, 25030
Besancon Cedex, France 2) Institute of Plant Sciences,
University of Bern, Altenbergrain 21, 3010 Bern,
Swiitzerland 3) Morphodynamique Continentale et
Cotiere, UMR 6143 CNRS, Université de Rouen, 76821
Mont-Saint-Aignan Cedex, France 4) Environment
Dynamics and Territories of Mountains (EDYTEM), UMR
5204 CNRS, Université Savoie Mont Blanc, 73000
Chambéry, France

* |sabelle Jouffroy-bapicot, isabelle.jouffroy@univ-
fcomte.fr

In order to document the complex human/natural co-
evolution of the Mediterranean Landscape, multiproxy
analyses were recently performed on two sedimentary
cores from Crete, the largest island of Greece (Aegean
Sea). The paleoenvironmental reconstruction is based on
high-resolution analyses of sediments, pollen, dung
fungal spores and charcoal obtained from: 1) a peat core
collected in the Asi Gonia bog located in the White
Mountains (790 m asl) and, 2) a core performed in the
Kournas lake (20 m asl), situated some kilometers north
of the bog.

The paleoecological data highlighted the human land use
history in each place along time. Pastoralism was of main
importance and probably mainly linked to fire use. Near
Kournas lake, olive cultivation has been an important part
of human land use from Late Neolithic onward as well.

Periods of intense but sustainable human activities and
practices with stable landscape are recorded (eg. from
Late Neolithic to the Late Minoean, 6000-3200 cal BP
near Kournas lake, and during Roman and Byzantine time
at Asi Gonia, 2000-1200 cal BP). Nevertheless, rapid
changes between phases in vegetation development are
associated with tipping-points in ecosystem dynamics.
The presentation will explore the complex process
involving disturbances (e.g. erosion process and flood
events, fire event), as a result or as a driver, and rapid
changes leading to these tipping points. Climate was
obviously a favoring factor, but human activities seem to
be the main driving factor.
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ID: 02016, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Arctic sea ice export events as a driver of past abrupt
climate change

Anthony Joycel, Alan Condronl, Raymond Bradley:L 1)
University of Massachusetts - Amherst, Climate System
Research Center

* Anthony J Joyce, ajcolett@geo.umass.edu

Abrupt periods of cooling during the last deglaciation are
often attributed to the discharge of meltwater from
proglacial lakes in North America weakening the strength
of the Atlantic Meridional Overturning Circulation
(AMOC). Here, we show an intriguing alternative to this
widely cited hypothesis by discussing a set of climate
model experiments that generate sea ice export events
from the Arctic Ocean to the Nordic Seas with meltwater
volumes and durations similar to, or larger, than those
released from proglacial lakes at the onset of the Younger
Dryas. Our numerical model simulations show that during
deglaciation, a reduction in northward heat transport and
a deeper halocline in the upper Arctic Ocean allow sea ice
to become 10-30 m thick over much of the basin, storing
~15-time mores freshwater as ice than modern-day. In
addition, a region of extremely thick (~*50 m) immobile
ice stretching ~200-km offshore develops along the entire
northern edge of the Canadian Arctic that is reminiscent
of an extensive Arctic ice shelf. We find that significant
sea ice export events to the Nordic Seas are created by
either flooding the Bering land bridge, enhancing the
transpolar drift in the eastern Arctic, or by increasing the
discharge of meltwater from the Mackenzie River. In each
case, the volume of meltwater exported to the subpolar
gyre as sea ice is sufficient to inhibit the production of
dense waters modulating the sinking limb of the AMOC.
Finally, as this mechanism does not result in any global
sea level rise, it offers a tantalizing explanation as to why
there was little, or no, change in sea level during the
Younger Dryas.

ID: 01697,03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Modulation of summer climate variability over Europe
during the Common Era

Johann Jungclaus1 , Rohit Ghosh! , Ralf Hand’ , Wolfgang
Muellerl, Sebastian Wagner2 1) Max Planck Institute for
Meteorology, Hamburg, Germany 2) Institute for Coastal
Research, Helmholtz-Zentrum Geesthacht, Geesthacht,
Germany

* Johann Jungclaus, johann.jungclaus@mpimet.mpg.de

We investigate European summer climate variability and
its teleconnections in reconstructions and model
simulations covering the Common Era (CE). Simulations
of summer temperature reproduce important features of
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recent reconstructions obtained by the EuroMed2k group
of the PAGES2k framework. The model experiments have
been carried out with the Max Planck Institute for
Meteorology Earth System Model (MPI-ESM-P). Both in
simulations and gridded field reconstructions, the first
and second empirical orthogonal functions (EOF) of
spatial variations are well separated. They exhibit a
mono-polar structure in the first and a north south
oriented dipole in the second EOF. The principal
component of the first EOF is related to a wave-like
pattern that is most prominent in the upper troposphere.
The associated teleconnection pattern can explain, for
example, the recently observed co-variance of
temperature reconstructions from the Alps and the Altai
mountains. The dominant mode of surface air
temperature variability is also related to a corresponding
pattern in precipitation. We discuss characteristics of the
wave-like pattern with respect to that of the summer
North Atlantic Oscillation.

We investigate the modulation of the wave-like pattern
by air-sea interactions in the North Atlantic and the
influence of external drivers (volcanic eruptions, solar
modulations).

ID: 01625, 16.- reconstruction of

paleofloods, (Oral)

A PAGES Floods WG core project: The Collaborative
Flood Database for Multiple Archive Types

Michael Kahlel, Ridiger Glaserl, Pierre Francusz, PAGES
Floods WG database project3 1) University Freiburg 2)
Institut National de la Recherche Scientifique 3) See
people on: http://www.pages-
igbp.org/ini/wg/floods/people

Multidisciplinary

Michael Kahle, michael.kahle@geographie.uni-
freiburg.de

Floods can be reconstructed from manifold archive types,
such as lacustrine, sediments, tree rings, speleothems
and historical documents. Each type of records have
different ability to detect past flood events in different
region and time epoch, and provide very different
information about these events in terms of their
precision of locating an event in space and time, as well
as understanding the underlying meteorological causes
and impacts and reaction of societies. Archives sensibility
to flood often differs by the surge extension or duration.
Noise driven by other parameters, such as tree-ring width
from nutrients, temperatures, etc. can also affect the
signal recorded in the proxy.

The challenge for a Collaborative Flood Database is to
handle these different types and their degrees of
accuracy while still agree on a common base of
fundamental data structure. The payoff for this effort is
immense. It will first offer a single interactive access
point to search for these different record types and
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allows comparison, verification and cross correlation
among them. Then, combining data from multiple proxies
with mathematical methods will lead to a data set with
better coverage and precision in time, space and intensity
level than any single archive type could deliver alone. Yet,
it enables holistic insights of causes and effects, such as
weather conditions and impacts to human history.

Finally, the unified flood database could be a good
starting point for expanding the general data with
fundamental information very specific for each proxy
type to document and store the whole chain of
information measured or observed (width of tree-rings,
dating of sediment layers by C14, quotes of historical
documents...) and retrieve it in a sustainable and
accessible way.

To achieve these goals, the database will be organized in
five main thematic data clusters documenting the source,
location, time, classification and reference of the records.
In parallel three levels of data importance will be
distinguished: i) the essential core data required for each
and every archive type, ii) the optional common data
available for all proxies and iii) optional data specific to
each type of proxy.

ID: 02096, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Fire and land cover change during the Maori
colonization of New Zealand: Hypothesis testing with
model simulations and charcoal data

Jed Kaplan1 1) Institute of Earth Surface Dynamics,
University of Lausanne * Jed Kaplan, jed.kaplan@unil.ch

The arrival of the Maori in New Zealand at about 1280 CE
was followed by widespread, rapid changes in flora and
fauna, including deforestation and extinction of many
endemic species. The emerging consensus is that a small
number of Maori, through their extensive application of
fire in plant communities that were relatively sensitive to
fire disturbance, were able to permanently change land
cover over large regions quickly. There is no direct proof
of this human impact, however. While the sedimentary
charcoal record provides evidence of the timing and
magnitude of fire in New Zealand, the record is spatially
discontinuous and mainly limited to mid-elevation lakes
on the South Island. Archaeological sites are often not co-
located with charcoal records. To overcome the
limitations of point-based observations and test
hypotheses on the number of people, climate, and
vegetation that could have led to the transformation of
New Zealand’s land cover, | apply a numerical model of
human-environment interactions that simulates wildfire,
including human and natural ignitions and impacts on
vegetation. My simulations show that small numbers of
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highly mobile hunter gatherers, using fire to improve
their mobility and hunting and foraging opportunities,
could have had a large impact on the vegetation.
Following an initial peak in fire for deforestation, a small
increase in background fire frequency could have
prevented forest vegetation from regenerating because
of changes in the structure of the vegetation; mainly an
increase in herbaceous fuels. My simulations also show
that both the rate of deforestation and lack of recovery
are sensitive to climate, and suggest that it may have
taken a “perfect storm” of both human agency and the
Medieval Climate Anomaly to lead to the rapid and
permanent deforestation of New Zealand.

ID: 01766, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Using multi-resolution proxies to assess ENSO impacts
on the mean state of the tropical Pacific

Christina Karamperidoul, Jessica Conroy2 1) University of
Hawaii at Manoa 2) University of lllinois at Urbana-
Champaign

* Christina Karamperidou, ckaramp@hawaii.edu

Observations and model simulations indicate that the
relationship between ENSO and the mean state of the
tropical Pacific is a two-way interaction. On one hand, a
strong zonal SST gradient (dSST) in the Pacific (colder cold
tongue) increases the potential intensity of upcoming
ENSO events and may lead to increased ENSO variance.
On the other hand, in a period of increased ENSO activity,
large events can warm the cold tongue at decadal scales
via residual heating, and thus lead to reduced zonal SST
gradient (ENSO rectification mechanism). The short
length of the observational record hinders our ability to
confidently evaluate which mechanism dominates in each
period and whether it is sensitive to external climate
forcing. This question is effectively a question of
interaction between two timescales: interannual and
decadal. Paleoclimate proxies of different resolutions can
help elucidate this question, since they can be
independent records of variability in these separate
timescales. Proxies, models, and observations indicate
that in periods of increased ENSO activity, dSST is
negatively correlated with ENSO variance at decadal
timescales, indicating that strong ENSO events affect the
mean state. Using climate model simulations we attribute
this effect to residual nonlinear dynamical heating, thus
supporting the ENSO rectification mechanism. On the
contrary, in periods without strong events, ENSO variance
and dSST are positively correlated, which indicates that
the primary mechanism at work is the effect of the mean
state on ENSO. Our analysis also quantitatively identifies
the regions where paleoclimate proxies are needed in
order to reduce the existing uncertainties in ENSO-mean
state interactions. Hence, this study is a synthesis of
observations, model simulations and paleoclimate proxy


mailto:ckaramp@hawaii.edu

ABSTRACT BOOK

evidence guided by the fundamental and open question
of multi-scale interactions in the tropical Pacific, and
illustrates the need for multi-resolution paleoclimate
proxies and their potential uses.

ID: 01562, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Arctic temperature and moisture trends during the past
2000 years — Progress from multiproxy-paleoclimate
data compilations

Darrell Kaufmanl, Cody Routsonl, Nicholas McKayl,
Hugo Beltramiz, Fernando Jaume—Santero3, Bronwen
Konecky4, Casey Saengers, Bryan Shuman® 1) School of
Earth Sciences & Environmental Sustainability, Northern
Arizona University, Flagstaff, AZ, USA 2) Climate &
Atmospheric Sciences Institute and Department of Earth
Sciences, St. Francis Xavier University, Antigonish, Nova
Scotia, Canada 3) Centre de Recherche en Géochimie et
en Géodynamique, Université du Québec a Montréal,
Montréal, Québec, Canada 4) Cooperative Institute for
Research in Environmental Sciences, University of
Colorado Boulder, Boulder, CO, USA 5) Joint Institute for
the Study of the Atmosphere and Ocean, University of
Washington, Seattle, WA, USA 6) Department of Geology
& Geophysics, University of Wyoming, Laramie, WY, USA
* Darrell Kaufman, darrell.kaufman@nau.edu

Instrumental climate data and climate-model projections
show that Arctic-wide surface temperature and
precipitation are  positively  correlated.  Higher
temperatures coincide with greater moisture by: (1)
expanding the duration and source area for evaporation
as sea ice retracts, (2) enhancing the poleward moisture
transport, and (3) increasing the water-vapor content of
the atmosphere. Higher temperature also influences
evaporation rate, and therefore precipitation minus
evaporation (P-E), the climate variable often sensed by
paleo-hydroclimate proxies. Here, we test whether Arctic
temperature and moisture also correlate on centennial
timescales over the Common Era (CE). We use the new
PAGES2k multiproxy-temperature dataset along with a
first-pass compilation of moisture-sensitive proxy records
to calculate century-scale composite timeseries, with a
focus on longer records that extend back through the
first millennium CE. We present a new Arctic borehole
temperature reconstruction as a check on the magnitude
of Little Ice Age cooling inferred from the proxy records,
and we investigate the spatial pattern of centennial-scale
variability. Similar to previous reconstructions, v2 of the
PAGES2k proxy temperature dataset shows that, prior to
the 20" century, mean annual Arctic-wide temperature
decreased over the CE. The millennial-scale cooling trend
is most prominent in proxy records from glacier ice, but is
also registered in lake and marine sediment, and trees. In
contrast, the composite of moisture-sensitive (primarily
P-E) records does not exhibit a millennial-scale trend.
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Determining whether fluctuations in the mean state of
Arctic temperature and moisture were in fact decoupled
is hampered by the difficulty in detecting a significant
trend within the relatively small number of spatially
heterogeneous multi-proxy moisture-sensitive records. A
decoupling of temperature and moisture would indicate
that evaporation had a strong counterbalancing effect on
precipitation and/or that shifting circulation patterns
overwhelmed any multi-centennial-scale co-variability.

ID: 01295, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Mapping livelihoods in West and Central Africa: changes
in food-production from 1800 BC to AD 1500

Andrea Kay', Jed Kaplan'1) University of Lausanne
* Andrea Kay, andrea.kay@unil.ch

The changing land uses associated with the Iron Age
transition in sub-Saharan Africa, such as increases in
food-production and fuel consumption for metallurgy,
may have had widespread consequences for regional
climate, hydrology, biodiversity and ecosystem services
that persist to the present. Quantification of these
impacts and potential feedbacks is difficult however,
because the archaeological and historical record is highly
fragmented in time and space. We are approaching this
problem from a modeling perspective by developing a
classification system of subsistence and lifestyles based
on a broad synthesis of archaeological, archaeobotanical,
and ethnographic observations. A subset of this
classification has now been mapped in timeslices across
West and Central Africa where we focused primarily on
several categories of agricultural land use which occurred
heterogeneously in space and time. The main differences
between these categories is the relative reliance on and
variety of domestic species, and in turn the energy
invested in them. While the particular crop or animal
species  utilized was partially dependent on
environmental variables, diversification and
intensification led to more stable agricultural results and
an increase in the prevalence of farming societies. This
paper presents the progress of this data synthesis and
mapping process, using examples from the completed
work on West and Central Africa, as well as the early
stages of our work on East Africa.

ID: 01637, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Reconstructing Greenland Ice Sheet Dynamics during
the Last Deglaciation

Benjamin Keislingl, Robert DeConto 1) University of
Massachusetts — Amherst

* Benjamin Keisling, bkeisling@geo.umass.edu


mailto:andrea.kay@unil.ch

ABSTRACT BOOK

Sea level rise (SLR) is one of the most profound social and
environmental issues facing humanity today, yet the
response of polar ice sheets to future warmth remains
uncertain. Disintegration of the Greenland Ice Sheet
(GrIS) would raise global sea level by ~7 meters, and
many Greenland outlet glaciers are already undergoing
rapid retreat. The last period that saw such dramatic,
sustained retreat of the GrlIS was the last deglaciation,
when the ice sheet retreated from its Last Glacial
Maximum extent and contributed >2 m to global SLR.
Thus, the deglaciation provides a unique test case for
understanding the dynamics of ice- sheet retreat using a
three-dimensional numerical ice-sheet model. Here we
use a three-dimensional ice-sheet model at 10km
resolution over Greenland to simulate the last
deglaciation. Our simulations show that the GrIS grew to
a maximum volume ~50% greater than present around
21,000 thousand years ago (21 ka) and reached a
minimum volume ~10% smaller than present around 8
ka. We compare our simulations against data of margin
retreat and show that the model captures the
reconstructed progression of terrestrial deglaciation, with
ice disappearing earliest in eastern sectors of the ice
sheet and later in western sectors. We force the model
with varied atmospheric and oceanic forcing scenarios
(within the range of uncertainty of paleoclimate data)
and find that the timing and rate of deglaciation in south
Greenland is extremely sensitive to the magnitude and
timing of oceanic warming. Our results identify the ice-
sheet response to rapid oceanic and atmospheric
warming, and highlight particular regions (especially
Nuuk and Paamiut in southern Greenland) that were
especially sensitive to past climatic changes. We
demonstrate that ice-sheet history is a valuable tool for
understand ice-sheet retreat dynamics and should be
considered when making projections about ice-sheet
response in a warming climate.

ID: 01521, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Oral)

Monsoon-induced denitrification change in the Eastern
Arabian Sea during 1 Ma (IODP Exp. 355 Site U1456)

Ji-Eun Kiml, Boo-Keun Khim Khiml, Minoru Ikeharaz,
Jongmin Lee 1) Department of Oceanography, Pusan
National University, Busan, Korea 2) Center for Advanced
Marine Research, Kochi University, Nankoku, Japan * Ji-
eun Kim, jieunk_93@pusan.ac.kr

The Arabian Sea is one of the most pronounced
denitrifying pools in the world, which was reflected as
8N oscillations in response to the glacial-interglacial
climate change. However, denitrification in the Eastern
Arabian Sea has been investigated relatively less than its
western counterpart, where the upwelling-induced
denitrification occurred dominantly. In order to
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comprehend the denitrification history related to the
monsoon activity between glacial and interglacial
periods, multi-proxy paleoceanographic data were
analyzed at Site U1456 (IODP Exp. 355) drilled in the
Laxmi Basin (Eastern Arabian Sea), and the results were
compared to ODP 722B of Oman margin. Oxygen isotope
measurement of planktonic foraminifera (G. ruber and G.
sacculifer) was conducted on Unit | of Site U1456, and the
isotope comparison to LR04 benthic stack allows the age
correlation from MIS 1 to 34. 8N values of bulk
sediments ranged from 4.5%o0 to 9.8%0 with a mean of
7.3%0. The &N fluctuations follow the glacial and
interglacial cycles, exhibiting high values during
interglacial and low during glacial intervals. Compared
with productivity proxies such as 613C of planktonic
foraminifera, total carbon, and total nitrogen, occurrence
of denitrification is closely related to enhanced
productivity during interglacial periods. Despite minor
age difference, 8N fluctuations are consistently
coherent between Site U1456 and ODP 722B. Our results
indicate that monsoon-induced denitrification change
was distinct in the Arabian Sea during 1.2 Ma.

ID: 02298, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

The significance of orbital forcing in Eastern
Mediterranean climate during the last interglacial

Yael Kirol, Steven Goldsteinl, Yochanan Kushnirl, Boaz
Lazara, Mordechai Stein’ 1) Lamont-Doherty Earth
Observatory of Columbia University, 61 Route 9W,
Palisades NY 10964, USA 2) Geological Survey of Israel, 30
Malkhe Israel Street, Jerusalem 95501, Israel 3) Institute
of Earth Sciences, the Hebrew University, Jerusalem,
91904, Israel * Yael Kiro, ykiro@ldeo.columbia.edu

The last interglacial, marine isotope stage 5e (MIS 5e,
130-115 ka), was a relatively warm period. The peak
summer insolation in the northern hemisphere (NH) was
significantly higher than in the Holocene. In addition the
insolation temporal variability was significantly high
compared with other interglacials. In this study we
combine data from the Dead Sea deep drilling project
cores and climate model results to establish the climate
variability in the Eastern Mediterranean. Both the
sediments and the climate model show a drastic change
in precipitation between MIS 5e peak NH summer
insolation at 125 ka, when precipitation was high and 120
ka, which was extremely dry and when thick intervals of
halite deposited in the lake. The 234U/mU ratio in
authigenic minerals, a proxy for water sources, shifted
from the typical 1.5 activity ratio (the ratio in the modern
main water source to the lake) to 1.1 (the ratio in the
eastern sources and floods). This indicates a hydrological
shift from the typical Mediterranean climate dictated by
winter storms to a regime dictated by precipitation in the
currently drier regions — the north edges of the desert
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belt. Presently, precipitation in the arid regions is
characterized by intense rainfall and flood events that
occur typically in the fall. The 120 ka climate model runs
show that the precipitation was overall lower but during
the fall season it was higher than today. Thus, while 125
ka was a relatively wet period, 120 ka was one of the
driest periods known in the region characterized by
scarce but intense rainfall. 120 ka was characterized by
higher  winter temperatures in the Eastern
Mediterranean, possibly due to increase in NH winter
insolation. The relative increase in fall precipitation
corresponds to a shift in the peak NH summer insolation
anomaly to the fall resulting in a relative increase of the
African Monsoon.

ID: 01240, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Indian Summer Monsoon variability during the
Holocene in Southern India: evidence for abrupt climatic
shifts from a multi-proxy lake sediment record

Sandeep Kizhur, Rajasekharaiah Shankar?, Anish
Warrier3, Madhusudan Yadava4, Rengaswamy Ramesh4,
Rashmikant Jani®, Weijian Zhou®, Lu Xuefeng’1)
Department of Geology, School of Earth Science Systems,
Central University of Kerala, Tejaswini Hills, Periye P.O.,
Kasaragod, Kerala-671123, India 2) Department of
Marine Geology, Mangalore University, Mangalagangotri-
574 199, India 3) Faculty of Civil Engineering, Manipal
Institute of Technology, Manipal University, Manipal,
India 4) Physical Research Laboratory, Navrangpura,
Ahmedabad, Gujarat-380009, India 5) Xi’an AMS Center,
Institute of Earth  Environment, Xi’an, China
* Sandeep Kizhur, sandeepk01@gmail.com

A sediment core (SS-1) from Shaanthisaagara (SS) Lake in
Peninsular India provides a 11,000-year paleomonsoonal
record, which is the longest so far in the region. The
sediment samples were analysed using environmental
magnetic, organic geochemical, sedimentological and
carbon isotopic techniques to reconstruct the Indian
summer monsoon (ISM) variability during the Holocene.
The environmental magnetic data depict variations in
pedogenic magnetite production in the catchment and
detrital influx to the lake, which in turn, are related to
monsoonal rainfall amount. The variations in the particle
size of sediments are related to the strength of the
monsoon. The C/N and 6C data indicate
palaeovegetational variations in the SS catchment.
Periods of strong monsoon are characterised by high
values of concentration-dependent magnetic parameters
like Xi, Xsa» Xarm and SIRM, high sand content, low C/N
ratio (fully aquatic-deep water conditions), relatively
depleted 5C values (more C; but less C, land plants) and
vice versa for weak monsoon periods. The data reveal the
presence of significant palaeomonsoonal events and
abrupt climatic shifts in the Holocene. During 11,100-
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10,600 cal. yr. BP, ISM in southern India was weak. The
period 10,600 - 8200 cal. yr. BP was characterized by
intensified ISM, corresponding to the Early Holocene
Optimum. Again, during 8200 - 4500 cal. yr. BP, the
monsoon weakened, which corresponds to the global
Mid-Holocene aridity event. From 4500 to 3300 cal. yr. BP
fluctuating monsoonal conditions are documented. There
has been a slight increasing trend in ISM from 3300 cal.
yr. BP to the Present.

ID: 01760, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

Lifting the Fog of Ignorance: The Icelandic Laki Fissure
Eruption of 1783

Katrin Kleemann® 1) Rachel Carson Center, LMU Munich
* Katrin Kleemann, katrinkleemann@gmail.com

In 1783 contemporaries in Europe gazed at the sky and
witnessed a veil of dust that lasted for two to three
months. In addition to the dry fog, 1783 saw
extraordinary natural phenomena: heat, sulfuric odor,
numerous thunderstorms, newly emerging islands,
earthquakes. The summer was followed by three severely
cold winters. In the spirit of the Enlightenment the
contemporaries speculated about the cause of the haze
and tried to explain the unusual natural phenomena of
their time with reason. They were unaware a volcano
produced the dry fog: It took months for the news of an
Icelandic volcanic eruption to reach mainland Europe,
another decade until the fissure was discovered, and
more than one hundred years for the dots between the
haze and the eruption to be connected. The 27 km long
Laki fissure eruption only reached a 4 on the volcanic
explosivity index, but it ejected the largest amount of
lava in the last millennium. This paper focuses on the
human experience of the Laki fissure eruption of 1783
and the eruption’s aftermath (the dry fog and successive
cold winters). It has an interdisciplinary approach,
integrating environmental history, historical climatology,
as well as geology. Sources are contemporary
newspapers and scientific publications, historical maps,
as well as the ephemerides of the Societas Meteorologica
Palatina, data gathered by a meteorological network
reaching from the Ural Mountains to North America,
which existed from 1780 to 1795, its members took
weather measurements at three set times every day. This
paper will explore the evolution of the understanding of
nature over time and the link between the unusual
weather phenomena of that time and this specific
volcanic eruption.

ID: 01258, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Oral)



ABSTRACT BOOK

Reconstructing East African rainfall and Indian Ocean
sea surface temperatures over the last centuries using
data assimilation

Frangois KIeinl, Hugues Goosse' 1) Georges Lemaitre
Centre for Earth and Climate Research (TECLIM), Earth
and Life Institute (ELI), Université catholique de Louvain
(UCL), Belgium

* Frangois Klein, francois.klein@uclouvain.be

The relationship between East African rainfall and Indian
Ocean sea-surface temperatures (SSTs) is well
established. The potential interest of this covariance to
improve reconstructions of both variables over the last
centuries is examined here. This is achieved through an
off-line method of data assimilation based on a particle
filter, using hydroclimate-related records at four East
African sites (Lake Naivasha, Lake Challa, Lake Malawi
and Lake Masoko) and SSTs-related records at six oceanic
sites spread over the Indian Ocean to constrain the Last
Millennium Ensemble of simulations performed by
CESML1. Skillful reconstructions of the Indian SSTs and of
East African rainfall can be obtained based on the
assimilation of only one of thesevariables, when
assimilating pseudo-proxy data deduced from the model
CESM1. The skill of these reconstructions increases with
the number of particles selected in the particle filter,
although the improvement becomes modest beyond 99
particles. When considering a more realistic framework,
the skill of the reconstructions is strongly deteriorated
because of the model biases and the uncertainties of the
realproxy-based reconstructions. However, it is still
possible to obtain a skillful reconstruction of the whole
Indian Ocean SSTs based only on the assimilation of the
six SST-related proxy records selected, as far as a local
calibration is applied at all individual sites. This underlines
once more the critical role of an adequate integration of
the signal inferred from proxy records into the climate
models for reconstructionsbased on data assimilation.

ID: 01595, 22.- Understanding past variations in
atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Oral)

Sea level fall during glaciation stabilized atmospheric
CO2 by enhanced volcanic degassing

Gregor Knorrl, Jorg Hasencleverz, Lars RUpkeZ, Peter
Kt‘)hlerl, Jason Morgan3, Kristin Garofaloz, Stephen
Barkera, Gerrit Lohmannl, lan Hall* 1) Alfred-Wegener-
Institut  (AWI), Helmholtz-Zentrum fir Polar-und
Meeresforschung, P.O. Box 12 01 61, 27515
Bremerhaven, Germany. 2) GEOMAR Helmholtz Centre
for Ocean Research Kiel, Wischhofstr. 1-3, 24159 Kiel,
Germany. 3) Royal Holloway, University of London, UK. 4)
School of Earth and Ocean Sciences, Cardiff University,
UK. * Gregor Knorr, gregor.knorr@awi.de
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Paleo-climate records and geodynamic modelling indicate
the existence of complex interactions between glacial sea
level changes, volcanic degassing, and atmospheric CO2,
which may have modulated the climate system’s descent
into the last ice age. Between ~85-70 ka, during an
interval of decreasing axial tilt, the orbital component in
global temperature records gradually declined, while
atmospheric CO2, instead of continuing is long-term
correlation with Antarctic temperature, remained
relatively stable. Based on novel global geodynamic
models and the joint interpretation of paleo-proxy data
as well as biogeochemical simulations, we show that a
sea level fall in this interval caused enhanced pressure-
release melting in the uppermost mantle, which may
have induced a surge in magma and CO2 fluxes from mid-
ocean ridges and oceanic hotspot volcanoes. Our results
reveal a hitherto unrecognised negative feedback
between glaciation and atmospheric CO2 predominantly
controlled by marine volcanism on multi-millennial
(suborbital) timescales of ~5,000-15,000 years.

ID: 01396, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

The impact of the discovery of the Americas on the
Earth System

Alexander Kochl, Simon Lewisl, Mark Maslinl, Chris
Brierley' 1) University College London
* Alexander Koch, alexander.koch.14@ucl.ac.uk

In the few centuries leading to the Industrial Revolution,
Europeans had circumnavigated the globe, trade became
global, and new scientific ideas and technologies spread.
Thus some, although controversial, evidence suggests
that human actions during this time drove global changes
to the Earth System.Here we synthesize disparate
literature and ideas, rarely combined, to produce a new
synthesis of global change before the dawn of the
industrial age, spanning archaeological evidence to global
circulation models. We consider human impacts in
Europe, Asia, Africa and the Americas during the early
stages of the early modern world, before showing that
the only event with hemisphere wide impact potential to
cause Earth System changes was the “Columbian
Exchange”following the discovery of the Americas. We
show that the pre-Columbian population of the Americas
had a substantial and widespread impact on their
environment and that this impact effectively ceased
following the spread of European epidemics. We discuss
evidence for subsequent widespread reforestation and
the resulting carbon uptake focusing on the largest
uncertainties in the carbon uptake estimates, which arise
from (i) the speed and extent numbers of people who
died at that time, and how quickly, (ii) the (per capita)
area used for farming pre-1492 and (iii) the carbon
sequestration rate of abandoned farmland, in vegetation
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and soil. We argue that the proximate driver of the
observed decline in CO 2 at this time, and anomalous
global cooling, was increased terrestrial carbon uptake.
Identifying the ultimate drivers of the increase in carbon
uptake is more complex, but likely involves uptake from
reforestation following the America\'s population crash,
amplified by Little Ice Age earth system feedbacks.We
conclude that human actions did alter the Earth System
perceptibly in short period of the early modern world,
with potential ramifications for the following centuries.

ID: 02268, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Fingerprinting tropical hydroclimate change during the
Last Glacial Maximum

Bronwen Konecky1 , David Noonez, Pedro Di Nezio® ,
Jesse Nusbaumer4, Bette Otto—BIiesnerS, Kim Cobb® 1)
Cooperative Institute for Research in Environmental
Sciences, University of Colorado Boulder, USA 2) College
of Earth, Ocean, and Atmospheric Sciences, Oregon State
University, USA 3) Institute for Geophysics, University of
Texas Austin, USA 4) Goddard Institute for Space Studies,
USA 5) Climate and Global Dynamics Division, National
Center for Atmospheric Research, USA 6) School of Earth
and Atmospheric Sciences, Georgia Institute of
Technology, USA

* Bronwen Konecky, bronwen.konecky@colorado.edu

The cooler, lower-CO, conditions of the Last Glacial
Maximum are often considered a "reverse analog" for
21" century climate change. However, many land-based
proxy records from the tropics disagree on the sign and
magnitude of glacial hydroclimate changes, making it
difficult to tease apart the impact of greenhouse gases vs.
other climate forcings on the tropical water cycle during
the LGM. In the Indo-Pacific Warm Pool region, proxy
records of surface hydrology and vegetation indicate
pronounced aridity while proxy records of precipitation
6'%0 and 8D tend to indicate muted or even negative
changes (sometimes interpreted as wetter conditions).
Here, we present a set of single- and combined-forcing
climate model experiments with the water isotope-
enabled atmosphere and land components of the
Community Earth System Model vl (iCAMS5 and iCLM4).
In contrast to precipitation amount, which in the warm
pool mainly responds to Sunda and Sahul shelf exposure
under lower glacial sea level (DiNezio et al., 2016), the
50 of tropical precipitation mainly responds to
greenhouse gas and ice sheet forcing. In tropical Africa
and South America, Gmomecip excursions occur in the
absence of pronounced changes in precipitation. By
contrast, (Slgomecip exhibits only minor changes in the
warm pool despite large reductions in rainfall. We use
water tags to determine the influence of moisture source
on these findings. Model results are compared with
proxy-derived changes in glacial Slgoprecip and 6Dprecip N
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order to assess the stable O- and H- isotopic "fingerprint"
of individual climate forcings on the tropical water cycle.

ID: 02196, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Diverse approaches to reconstructing quantitative land
cover and climate changes in peninsular India

Anupama Krishnamurthy:l , Prasad Srinivasanl,
Thalammaharage Rathnasiri Premathilake’, Navya Reghu
Ajeeshkumar1 1) French Institute of Pondicherry, CNRS-
MAEE / USR 3330, UMIFRE 21 11, St.Louis street P.B. 33,
Pondicherry, INDIA 2) PGIAR/University of Kelaniya 407
Bauddhaloka Mawatha Colombo 7 Sri Lanka
* Anupama Krishnamurthy, anupama.k@ifpindia.org

The Indian subcontinent region is of key significance both
in terms of climate and human impacts. Pivotal in the
monsoon system and home to human and prehistoric
cultures since several millennia, a main challenge, in the
peninsular part of the subcontinent, is the preservation
of organic walled proxies such as pollen. The two sides of
the coin are:1) this terrain, with its diversity of climate,
topography, vegetation and successions of land use since
prehistoric times acts like a readymade laboratory for
sustainable environments (ecosystems) both natural and
human modified; 2) some constraints and challenges,
among them, the limited preservation of organic matter
and largely non-continuous terrestrial sedimentary
sequences. Added to this is the methodological challenge
posed by tropical palynology in terms of diversity and
documentation. This presentation will illustrate with
examples how a multi-pronged approach that combines
not only multiple proxies such as pollen and phytoliths
but also approaches: statistical modelling, LRA (Navya
Reghu, ongoing PhD thesis) is helping us overcome these
challenges. It will also show how an approach that
combines the use of a diversity of archives — from
terrestrial montane to coastal lowlands is useful in
providing the environmental setting for the plethora and
succession of archeological sites dotting the landscape; in
turn, material evidences from archaeology, including
phytoliths are able to inform on the modification of the
environment. It will also put in context the pollen records
from marine sediment cores in the Bay of Bengal into
which a maximum of the peninsular rivers drain into. It is
now quite clear that “Understanding \'human systems\'
requires engaging a vast body of scholarship based on a
diverse array of records” (Ellis et al, 2016) — this paper
will show how the Indian subcontinent and Peninsular
India in particular make a unique contribution towards
this.

ID: 02129, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
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disturbance run off as drivers of environmental change,
(Oral)

Post-glacial disturbance dynamics
ecosystems revealed from pollen records

in temperate

Petr Kunesl, Vojtech Abrahaml, Tomas Herbenll)
Charles University, Faculty of Science, Department of
Botany * Petr Kunes, petr.kunes@natur.cuni.cz

During the past millenia nature encountered different
disturbance regimes moderated to various extent by
human impact, but also by climatic events. Research
focused in the long-term perspective (Q-time) mainly on
the effect of humans, but studies also emphasize natural
disturbances such as windthrows, herbivory (including
insect outbreaks) or fire, many of which could be a direct
effect of climatic events. Pollen provides a valuable
information on long-term (millenial) vegetation and
environmental change. Ecological indices (e.g. Ellenberg
values) represent a valuable tool to describe important
environmental factors of vegetation. Newly acquired
indicator values assign affinity of plants to disturbance
frequency (DF) and severity (DS) for central-European
species. The same region provides a high-quality
database of sedimentary pollen, which we link to plant
taxa with disturbance indices in order to detect
postglacial disturbance dynamics and to compare it with
diversity trends. In the dated pollen sequences each
counted pollen was assigned a plant taxon weighted by
its present-day frequency in vegetation attributed by the
disturbance index. Finally a mean disturbance index was
calculated for the whole pollen assemblage dated to a
certain time. Similarly, rarefacted pollen richness and
evenness were calculated. Generalized additive model
was then fit to all pollen assemblages to show main trend
at the timescale. Overall, disturbance reaches its
minimum between 5000-1 BC. DF gradually decreases
during the Late Glacial and starts decreasing sharply
around 9000 BC, then after 1 AD sharply increases again.
DS continuously decreases between 13000-5000 BC and
increases again after 1 AD. Disturbance played
surprisingly more important role before the arrival of
agriculture (5500 BC), and after it only increased in the
last 3000 years. Comparison of disturbance trend with
pollen-inferred  diversity indices reveals mostly
independent trends suggesting that diversity might be
supported by increasing disturbance only in the late
Holocene.

ID: 01317, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Disturbance dynamics in montane spruce forests in
Central Europe: an integration of dendrochronological
and palaeoecological records

Zaragoza, Spain, 9-13 May 2017

77

PAGES —OSM 2017

Niina Kuosmanenl, Jennifer Clearl, Vojtéch (v:adal, Nick
Schafstalll, Richard Chiverrellz, Vachel Carterg, Petr
Kune$® 1) Czech University of Life Sciences Prague 2)
University of Liverpool 3) Charles University
* Niina Kuosmanen, kuosmanen.niina@gmail.com

Extensive dendrochronological studies have shown that
forest composition and structure of central European
mountain spruce forests are shaped by natural
disturbances, such as wind throws, insect outbreaks and
fires. However, there is still little knowledge of the
temporal and spatial scale of natural disturbance regime
and its effect on the montane forest dynamics. The
frequency and severity of disturbance events will be
affected by the projected climate change. Therefore
better understanding of natural disturbance dynamics in
these montane forests can provide important insights for
sustainable forest management in an aspiration of
maintaining forest biodiversity and functionality. Where
dendrochronological data can cover few hundreds of
years, palaeoecological records reach thousands of years
back in time providing information of long-term
vegetation and disturbance patterns. Comparison of data
from these two disciplines can increase our
understanding of the importance of different disturbance
agents on forest dynamics in different temporal and
spatial scales.

We employ sedimentary fossil pollen, macrofossil and
charcoal records together with insect remains and
geochemical signal, from lakes (lake sediments) and small
forest hollows (peat layers) to reconstruct vegetation and
disturbance history in Central European montane spruce
forests in Czech Republic and Slovakia. Integrating this
new palaeoecological data with dendrochronological
data, already available from the research area, we aim to
develop more precise method for reconstructing long-
term disturbance regime and its effects in montane
spruce forests.

Preliminary results from comparison of high resolution
(up to 10 years) sedimentary data (pollen, charcoal,
insect remains) and tree-ring data show common
patterns between disturbance signal from tree-rings and
changes in sedimentary records. More detailed
description of the analysis and the results will be given in
the presentation.

ID: 01488, 31.- Global Dust Deposition in Past, Present,
and Future Climates, (Oral)

A high peat and carbon accumulation event driven by
changes in dust mineralogy

Malin E. Kylanderl, Antonio Martinez-Cortizasz, Richard
Bindler3, Sophia Hansson4, Joeri Kaalz, Noemi Silva
Sanchezz, Sarah Greenwoodl, Carl-Magnus M(’jrthl,
Sebastien Rauch’ 1) Department of Geological Sciences
and the Bolin Centre for Climate Research, Stockholm
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University 2) Departamento de Edafologia y Quimica
Agricola, Facultad de Biologia, Universidad de Santiago de
Compostela 3) Department of Ecology and Environmental
Sciences, Umea University 4) Ecolab, Université de
Toulouse, CNRS 5) Water Environment Technology,
Chalmers University of Technology
* Malin Kylander, malin.kylander@geo.su.se

It is generally accepted that mineral dusts play an
important role in biological productivity, particularly in
nutrient poor systems, through fertilization. We
demonstrate the relationship between terrestrial
ecosystem productivity and dust deposition in a northern
temperate setting using a peat sequence covering the last
8900 cal yr BP from Store Mosse (N57°13'37”,
E13°55’17”), an extensive (77 km?) ombrotrophic bog
(i.e., atmospherically fed) located in southern Sweden.
While this site is typical in terms of its organic matrix
(bulk density, carbon and peat accumulation rates, C/N
ratios, etc), we observe a seven-fold increase in peat
accumulation rates, starting 5300 cal yr BP, and reaching
a maximum (291 g m™ yr'l) just 800 vyears later. The
wetter climatic conditions at the time surely drove this
high peat accumulation event (HPAE), but the scale of the
change implies another factor must have been involved.
The peat inorganic geochemistry reveals three periods of
increased dust deposition, as estimated using Al mass
accumulation; these do not co-occur with the HPAE.
Rather, during the HPAE a distinct change in mineral
character occurs. There is a rapid increase in light and
middle REE enrichment starting 5300 cal yr BP, expressed
by La/Lu and Gd/Lu, respectively, which is interpreted to
signal the presence of primary phosphate minerals such
as apatite, allanite and/or monazite. The Eu anomaly
profile ([Eu/Eu*]ycc) follows a similar pattern and
indicates that the addition of plagioclase feldspar and less
weathered minerals to the bog also increased. We
suggest that this resulted in an increase in P and K supply
to this nutrient poor system, spiking productivity. Our
work shows that dust dynamics in the temperate
northern latitudes can play an important part in
stimulating primary production and therefore carbon
cycling and storage.

ID: 01807, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

Reconstructing Late Neolithic and Bronze Age
Hinterland and Lake Shore Socio-Environmental
Interactions in the Three Lake Region of Western
Switzerland

Julian Laabsl, Carsten Lemmenz, Albert Hafner' 1)
Institute of Archaeological Sciences and Oeschger Center
of Climate Change Research, University of Bern,
Switzerland 2) C.L. Science Consult, Liineburg, Germany
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and Helmholtz-Zentrum Geesthacht,
* Laabs Julian, julian.laabs@iaw.unibe.ch

Germany

Within the scope of the project "Beyond lake villages:
Studying Neolithic environmental changes and human
impact at small lakes in Switzerland, Germany and
Austria" special emphasis is put on reconstructing
possible scenarios of human-environment interactions in
the Neolithic and Bronze Age, ca. 4300-800 cal. BC. Our
subproject focuses on the Three-Lakes-Region in Western
Switzerland, which was one of the most densely settled
circum-Alpine regions during the Neolithic. The
extraordinary richness of (bio-) archaeological data from
the lake shore villages provides us with reliable
information about prehistoric subsistence economy,
social organization and, in many cases, with high-
resolution dendrochronological dating.

The impact of human activities on the environment is
constraint by the modes of production of the studied
societies. Sociocultural and technological traits are
important parameters to investigate this impact of
climatic and environmental changes on human societies
and vice versa.

The “Global Land Use and technological Evolution
Simulator” (GLUES) has previously been used to simulate
early farming societies\' sociocultural development as
well as the impact on their environment. GLUES is
defined by the adaptive dynamics of the four state
variables, population density, technological efficiency,
subsistence economy and economic diversity, as well as
by the resource utilities for each spatial unit, and by
spatial interaction between the spatial units, e.g.
migration and diffusion. We employ a new regionally
scaled down version of GLUES to estimate population
densities, land use and their temporal and spatial
relations to environmental change under reconstructed
modes of production in prehistoric Western Switzerland.
This reconstruction extrapolated from the
archaeologically well-known sites to the Hinterland and
allows us to investigate the Late Neolithic and Bronze Age
societies beyond the lake villages.

ID: 01456, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Bronze Age settlement mounds on the Colchian plain at
the Black Sea coast of Georgia — a geoarchaeological
perspective

Hannes Laermanns , Daniel Kelterbauml, Simon
Matthias Mayl, Giorgi Kirkitadzez, Mikheil EIashviIiZ,
Helmut Briickner” 1) Institute of Geography, University of
Cologne, Albertus-Magnus-Platz, 50923  Cologne,
Germany 2) llia State University, K. Cholokashvili Ave 3/5,
Thilisi 0162, Georgia

* Hannes Laermanns, h.laermanns@uni-koeln.de
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Situated between the Rivers Enguri in the north and
Khobistsqali in the south, more than 30settlement
mounds (local name Dikhagudzuba), identified by field
survey and remote sensingtechniques, give evidence of a
densely populated landscape in the coastal lowlands of
westernGeorgia during the Bronze Age. While the age
estimations of these mounds are based on ceramic
evidence obtained during previous archaeological
research, only limited information is available on their
internal architecture and their palaeoenvironmental
context, and the chronology of the different layers is as
yet lacking.Vibracores were carried out on top of and in
the direct vicinity of three mounds, situated close to the
villages of Orulu and Ergeta. Based on these sediment
cores, our study aimed at (i) establishing a
chronostratigraphic framework for the mounds based on
e dating; (ii) reconstructing possible phases and gaps in
human occupation; and (iii) identifying the environmental
conditions at the time of their use. Geochemical and
sedimentological analyses were undertaken to decipher
the element contents (XRF) and granulometry of
stratigraphic layers.The three investigated settlement
mounds are similar in dimension and stratigraphy, and
different settlement layers could be identified in each of
them. The 14C ages indicate that their formation
occurred during the first half of the 2nd millennium BC,
thus confirming the archaeological interpretation of their
Bronze Age origin. For two mounds, an erection within
one phase could be proven, whereas the third revealed
different stages of construction. Heavy metal pollution in
the anthropogenic layers of the mounds indicates
metallurgic activity during occupation. Based on the
granulometric and geochemical data,
palaeoenvironmental conditions in the vicinity of the
settlements were dominated by fluvial and alluvial
processes. The construction material originates from the
direct vicinity of the mounds. In the case of two mounds,
circular moats of eventually the same age could be
identified.

ID: 01525, 27.- The climate record of the past 5 million
years: from the seasonal cycle to Ice Ages, (Oral)

From the Last Interglacial to the Anthropocene:
Modeling a Complete Glacial Cycle with Comprehensive
Earth System Models (PalMod)

Mojib Latif" 1) GEOMAR Helmholtz Centre for Ocean
Research Kiel 2) University of Kiel
* Mojib Latif, mlatif@geomar.de

The paleoclimate modeling initiative PalMod aims at
filling gaps in knowledge about climate processes and
climate modeling. The program, supported by the
German Federal Ministry of Education and Research, is
specifically designed to better understand climate system
dynamics and their variability on timescales up to the
multi-millennial. The target is to simulate a full glacial
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cycle with comprehensive Earth system models (ESMs)
incorporating a detailed description of interactions
between the physical and biogeochemical components of
the Earth system. The approach is innovative in three
respects. First, the consortium aims at simulating a full
glacial cycle in transient mode and with comprehensive
ESMs which allow full interactions between the physical
and biogeochemical components of the Earth system,
including ice sheets. Second, we shall address climate
variability during the last glacial cycle on a large range of
time scales, from interannual to multi-millennial, and
attempt to quantify the relative contributions of external
forcing and processes internal to the Earth system to
climate variability at different time scales. Third, in order
to achieve a higher level of understanding of natural
climate variability at time scales of millennia, its
governing processes and implications for the future
climate, we bring together three different research
communities: the Earth system modeling community, the
proxy data community and the computational science
community. The research is intended to be conducted
over a period of 10 years. The paper describes the
motivation for and preliminary results of the initiative.

ID: 01373, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Sea-level indicators as proxy data for relative sea-level
change

Milena Latinovicl, Volker Klemannl, Maik Thomas® 1)
GFZ German Research Centre for Geosciences, Potsdam,
Germany

* Milena Latinovic, milena@gfz-potsdam.de

Observations of sea-level variations allow the validation
of numerical models used to reconstruct past and predict
future sea-level change. Sea-level indicators (SLIs) are
used as the main source for deriving relative sea level
(RSL) variations during previous epochs for which tide-
gauge and satellite measurements were yet not available.
However, the leveling of an SLI relative to present sea
level does not provide a direct measure of former RSL,
but only an indication according to the conditions under
which the sample was deposited. This information
depends on the sample type and on its environment and
has to be mapped to RSL by an appropriate transfer
function. The respective data has to be extracted by an
objective procedure from primary information usually
provided in geological or paleontological literature of
different primary focus, quality and detailedness. In
addition to the height information, also the precision of
dating varies between different indicators and in case of
radiocarbon-dated material, a further calibration of the
dated age has to be applied.

In order to improve the reliability of sea-level indicators
for sea-level reconstructions, the visualization framework
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SLIVISU is developed at GFZ-Potsdam. It allows access to
a relational database system that contains compilations
of sea level indicators obtained from the literature where
the respective meta information is stored. First, the
radiocarbon dated material is calibrated considering
information from the sample\'s metadata. Then
likelihood functions are derived incorporating the
indicative meaning as available error information in order
to evaluate model-based sea-level predictions against the
respective SLI. This procedure is accompanied by applying
the visual analytics tool SLIVISU.

Depending on the statistical significance, the analyzed
SLls will serve as validation data for the viscoelastic
lithosphere and mantle model VILMA, part of the German
Paleo-Climate Modelling Initiative PalMod.

ID: 02207, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

Linking abrupt changes in local marine radiocarbon
reservoir age (AR) to upwelling and hunter-gatherer
demographic change in coastal northern Chile during
the mid-Holocene

Claudio Latorrel, Ricardo De PoI-HoIzz, Claudio Pozol,
Jason Rech?, Eugenia Gayc')4, Calogero Santoro® 1)
Departamento de Ecologia, Pontificia Universidad
Catdlica de Chile, Santiago, Chile & Institute of Ecology
and Biodiversity (IEB) 2) GAIA-Antartica, Universidad de
Magallanes, Punta Arenas, Chile 3) Department of
Geology, Miami University, Ohio, USA 4) Centro de
Ciencia del Clima y la Resiliencia (CR2), Concepcion, Chile
5) Instituto de Alta Investigacidon (IAl), Universidad de
Tarapac3, Arica, Chile

* Claudio Latorre, clatorre@bio.puc.cl

Shell middens are heaps of discarded human refuse,
often interspersed with dwelling structures and burials.
These deposits are well known features of the
archaeological record in northern Chile and span most of
the Holocene. Early to mid-Holocene shell middens
accumulated from the discarded remains of fish, shell fish
and terrestrial remains of local hunter-gatherer
populations known as the Chinchorro. Some of the oldest
examples of artificial mummification are among the
innovations of these social groups, which settled the
coastal Atacama desert before 9 ka BP. Abundant
terrestrial (especially plants such as Typha) and shellfish
remains along with very fast accumulation rates (one
midden accumulated 3 m in less than 500 yr) make
radiocarbon comparisons of marine and atmospheric
ages feasible to estimate local marine reservoir
deviations (AR). Such deviations result from the influence
of mid-depth water masses at the surface of the coastal
ocean and thus provide a proxy for the intensity of
coastal upwelling. We have estimated AR values from
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three different middens that formed during the mid-
Holocene from 6.7 to 4.6 ka BP. Our results show that
between 6.7 — 5.5 ka BP, AR values were stable and
averaged ~270 yrs. This period was coeval with the
largest increase in the Chinchorro population during their
entire history as gleaned from radiocarbon probability
distributions (built from a dataset of more than 600 e
dates). In contrast, AR values are highly variable between
5.5 — 5.0 ka, with values exceeding 1000 yrs. This implies
strong environmental fluctuations associated with
variable upwelling conditions and was coeval with the
largest Chinchorro population-collapse. We conclude that
the strong changes in upwelling conditions driven by
Holocene climate change may be one of key factors
behind the large-scale demographic changes of coastal
Chinchorro populations.

Acknowledgements:  FONDECYT
CONICYT/PIA ANILLO SOC1405

1150763, PFB23,

ID: 02330, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

How strong are the environmental and societal impacts
of major stratospheric eruptions at the local scale? Case
study of the AD 1257 eruption of Samalas Volcano in
Lombok, Indonesia

Franck Lavignel, Bachtiar Wahyu Mutaqinz, Kim Boillot-
Airaksinenl, Lina Handayani3, Nugroho Hananto3, Yayat
Sudrajata, Hiden Hiden4, Clément Virmouxl, Jean-
Christophe Komorowskis, Indyo Pratomos, Danang Sri
Hadmokoz, Edouard de Bélizal’ 1) Université Paris 1
Panthéon Sorbonne, Laboratoire de Géographie Physique
UMR 8591, Meudon, France 2) Universitas Gadjah Mada,
Yogyakarta, Indonesia 3) Indonesian Institute of Sciences,
Research Center for Geotechnology, Bandung, Indonesia
4) Universitas Mataram, MIPA, Mataram, Indonesia 5)
Institut de Physique du Globe de Paris, Université Paris
Diderot, Université Sorbonne Paris Cité, Paris, France 6)
Museum of Geology, Geological Agency, Bandung,
Indonesia 7) Université Paris-Ouest-Nanterre-la-Défense,
LAVUE UMR 7218, Nanterre, France

* Franck Lavigne, franck.lavigne@univ-paris1.fr

The AD 1257 eruption of Samalas volcano (Lombok
Island, Indonesia) is considered as one of the most
powerful of the Holocene. It ejected more than 40 km? of
pyroclastic material, including a Dense Rock Equivalent
volume of inland Pyroclastic Density Currents (PDC) up to
16 km®. The gap in the island’s history during this period
suggests high human loss. Local legends (“babad”)
indicate that the kingdom and its capital Pamatan were
erased.

The objectives of our study are threefold: (i) to draw the
pre-eruption shape of Lombok island; (ii) to better
estimate the actual volume of the 1257 PDC deposits;
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and (iii) to reconstruct the pre-eruptive settlements on
the island.

Our methods include geomorphological and geological
surveys on natural outcrops, wells and quarries, coring,
inland and near-shore geophysical investigations, as well
as exegesis of local written sources.

Preliminary results point to a strong increase of the
island’s area as a consequence of drastic sedimentation
yield since the mid-13" Century. More than half of
Mataram city was built on syn-or post-eruption soft
sediments (pumice, sand, or clay). The eastern and
northern coasts of Lombok also extended seaward up to
several kilometers since the 13" century. Some of the
present valleys already existed prior to the eruption,
whereas others result from a deep incision of the rivers
within PDC deposits up to 60 m thick. Although a huge
volume of PDC deposits has been well-preserved from
natural erosion for centuries, extensive mining activities
since the 1980’s have drastically reduced the former
extension of these deposits. The drawing of the pre-
eruptive  shoreline and paleovalleys will help
archaeologists to find the ancient city of Pamatan and
other settlements that still lie buried beneath tephra
deposits in several places of the island.

ID: 02258, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Oral)

African monsoons dynamics and marine productivity off
the Congo River mouth, a model-data comparison
perspective

Priscilla Le Mézol, Laurent Boppl, Pascale Braconnotl,
William Hardyz, Masa Kageyama1 1) Laboratoire des
Sciences du Climat et de I'Environnement (LSCE) 2)
Laboratoire Domaines Océaniques (UMR6538)
* Priscilla Le Mézo, le.mezo.priscilla@gmail.com

In this study we analyze the links between large scale
atmospheric circulation, precipitation, ocean circulation
and marine biogeochemistry, all related to the African
monsoons in five climate simulations of the last glacial-
interglacial cycle. We use the IPSL-CM5A-LR model and
the PISCES biogeochemical model. Our results show that
the paradigm, used to reconstruct past dynamics and
based on the fact that to stronger monsoons correspond
weaker trade winds, is not verified in all climates. We
show that, depending on the mean climate state, the
thermal or dynamical effects are more or less prominent
in driving the simulated changes in precipitation and
wind patterns over Africa. The stronger monsoons in our
simulations are characterized by stronger westerly flows
around 10°N. Since precipitation changes over Africa
drive the Congo River outflow fluctuations, it is likely also
modifying marine biological productivity off the river
mouth. Our analyses of simulated marine productivity in
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the region of core KZAI-01 in the eastern south-equatorial
Atlantic, shows that most of productivity occurs at the
subsurface. Effects of the nutrient river supply are shown
to be restricted to the surface only, whereas the coupled
ocean and atmosphere dynamic is shown to be the main
driver of productivity changes in the different climates.
This last result points out that even though changes in
river outflow and productivity happen conjointly there is
not necessarily any causality between them.

ID: 01873, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

A Holocene temperature record from the Agassiz ice
cap: Implications for high-Arctic climate change and
Greenland ice sheet evolution

Benoit Lecavalierl, David Fisherz, Glenn Milnez, Bo
Vinther3, Lev Tarasovl, Philippe Huybrechts4, Denis
Lacellez, Brittany Mainz, James Zhengs, Jocelyne
Bourgeoise, Arthur Dyke7 1) Memorial University of
Newfoundland 2) University of Ottawa 3) University of
Copenhagen 4) Vrije Universiteit Brussel 5) Natural
Resources Canada 6) Consorminex 7) Dalhousie
University and McGill University

* Benoit Lecavalier, b.lecavalier@mun.ca

We present a revised and extended high Arctic air
temperature reconstruction from a single proxy that
spans the past ~12,000 years (up to 2009 CE). Our new
reconstruction, obtained from the Agassiz ice cap
(Ellesmere Island, Canada), indicates an earlier and more
pronounced Holocene Thermal Maximum with early
Holocene temperatures 4-5 °C warmer compared to a
previous reconstruction. It also shows that contemporary
air temperatures are at their warmest in the past 6,800—
7,800 years and that, over the last century, decadal-scale
rates of temperature change in this region are
unprecedented over the Holocene. We demonstrate that
the more pronounced early Holocene warming inferred
from the Agassiz ice core leads to a large response of the
NW sector of the Greenland ice sheet with surface
thinning of ~1 km during the early Holocene, which is in
agreement with the surface thinning we estimate from
the Camp Century ice core record. This agreement
suggests that the failure of previous ice models to
capture the ice thinning signal reflects inaccuracy in the
adopted climate forcing. The modelled response of the
ice sheet to this enhanced warming is significant,
resulting in a ~25% increase in ice sheet mass loss ( ~1.4
m sea-level equivalent) during the last deglaciation
compared to a recent model reconstruction.

ID: 01350, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Oral)
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Long-term variation of clay mineral compositions in the
Andaman Backarc Basin since the late Miocene

Jongmin Lee', Boo-Keun Khim', Sunghan Kim?, Hyen
Goo Cho31) Department of Oceanography, Pusan
National University 2) Division of Polar Climate Change,
Korea Polar Research Institute 3) Department of
Geological Sciences, Gyeongsang National University
* Jongmin Lee, jmhpy123@hanmail.net

Clay mineral studies in the Andaman Sea helped to
understand the interaction between climate change and
monsoon strength by revealing the erosional history of
the Himalayan-Tibetan and Indo-Burman ranges during
the late Quaternary. IODP Exp. 353 Site U1447
(10°47.4’N, 93°00’E), located at a water depth of 1391 m
on a ridge ~45 km offshore the Little Andaman Island
within the Andaman Backarc Basin, was drilled to
penetrate 738 m  beneath the sea floor.
Chronostratigraphy of Hole U1447A was established by
using shipboard biostratigraphic and paleomagnetic data,
showing the late Miocene (~10.0 Ma) at the bottom of
core. Seventy nine sediment samples were taken from
150 to 737 m CSF-A at Hole U1447A at ~8 m intervals for
determining clay mineral compositions in order to probe
the major controlling factors for their long-term variation
patterns. At Site U1447, smectite (28~61%) and illite
(20~40%) are the most dominant clay minerals while
kaolinite (9~19%) and chlorite (5~15%) are subordinate.
Variation pattern of clay mineral compositions exhibits
three prominent features: (1) mostly consistent
variations of all clay minerals at 750~570 m (~10.0 to 7.5
Ma) interval, (2) gradual decrease of smectite and
increase of illite and chlorite at 570~400 m (~7.5 to 4.5
Ma) interval, and (3) large fluctuation of all clay minerals
at 400~150 m (4.5 to 1.1 Ma) interval. Much of the
terrigenous sediments from the Himalayan-Tibetan and
Indo-Burman ranges mainly through the Irrawaddy and
Salween rivers and additionally through the Ganges-
Brahmaputra rivers discharged into the Andaman Sea.
Long-term  variation patterns of clay mineral
compositions in the Andaman Backarc Basin may be
related to various factors such as provenance shift,
climate changes, monsoon strength, and
tectonic/volcanic activity.

ID: 01721, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

Chemistry modulations of large volcanic events of the
last millennium

Allegra N. LeGrandel, Kostas Tsigaridisl, Susanne
Bauer" 1) NASA GISS, CCSR Columbia Univ. * Allegra
N. Legrande, allegra.n.legrande@nasa.gov

Large volcanic eruptions have long been identified as a
means to perturb global climate through injection of SO,
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into the stratosphere. However, volcanoes also inject
water, halogens, and ash. Here we use the NASA Goddard
Institute for Space Studies ModelE-MATRIX to
demonstrate how  modulating these additional
constituents alters the climate impact. We focus on the
scale of SO, from Tambora (1815), Kuwae (1453), and
Samalas (1258) and estimates of the other plume
constituents. Previous work demonstrated that the
addition of water in the injection enhances the rate
which sulfate aerosols are formed and increases their size
(LeGrande et al, 2016). Here we show the impact for
larger magnitude events.

ID: 01467, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Palaeoenvironmental changes and Meso-Neolithic
human-landscape interaction in the Caspian coast

Suzanne A.G. Leroyl, Arash Aminiz, Suzanne A.G.
Leroy3 1) Brunel University London Uxbridge UB8 3PH, UK
2) Golestan University, Gorgan, |. R. Iran 3) CEREGE,
13545 Aix-en-Proevence , France
* Leroy Suzanne, leroy@cerege.fr

The south Caspian Sea coast not only underwent deep
climatic changes at the Late Pleistocene-Holocene
transition, but also its narrow coastal plain at the foot of
the Elburz Mountains changed its width according to
important water level changes. The area is known for its
large biodiversity and the occurrence of glacial refugia for
plants, which were also used by animals and humans.
Mesolithic and early Neolithic populations are known to
have lived there and their diet, according to the
archaeological investigations of cave infills by McBurney
in  1949-1950, changed widely according to the
availability of resources alternating between more
steppe—based animals and more marine-based ones. N
Iran with SE Azerbaijan have a diverse environment
owing to the Talysh-Elburz Range that is north facing and
catches precipitation from air masses coming from the
Caspian Sea. The humid area represents a pocket of life in
an otherwise dry Middle-East.

This study examines palynological remains in two 17 m
long sediment cores (Gharasoo and Shakileh cores)
obtained in palaeo-lagoons, located between the caves
(Hotu and Belt caves) and the coast and dated by
radiocarbon. In particular, pollen grains and charcoal
provide information on vegetation; parasite eggs and
fungal spores on the presence of large herbivores and
erosion; and small aquatic organisms (such as dinocysts)
on water level and changes in Pontocaspian biodiversity.

Despite problems with radiocarbon dating, preliminary
results indicate the continuous presence of a diverse
woodland over the last 30,000 years, significant changes
in the fire regime, in the climate (eg the Last Glacial
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Maximum and the Younger Dryas) and in water level and
quality (eg the early Holocene lowstand of the
Mangyshlak). Coprophilous fungal remains indicate the
continuous presence of herbivores, except during a very
freshwater phase at the end of the Bglling-Allergd.

ID: 01264, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Wildfires and geochemical change in a subalpine forest
over the past six millennia

Berangere Leys1 , Phil Higuera2 , Kendra McLauchlan® ,
Paul Dunnette’ 1) Kansas State University 2) University of
Montana 3) University of Idaho
* Berangere Leys, berangereleys@gmail.com

The frequency of large wildfires in western North
America has been increasing in recent decades, yet the
geochemical impacts of these events are poorly
understood. The multidecadal timescales of both
disturbance-regime variability and ecosystem responses
make it challenging to study the effects of fire on
terrestrial nutrient cycling. Nonetheless, disturbance-
mediated changes in nutrient concentrations could
ultimately limit forest productivity over centennial to
millennial time scales. Here, we use a novel approach
that combines quantitative elemental analysis of lake
sediments using x-ray fluorescence to assess the
geochemical impacts of high-severity fires in a 6200-year
long sedimentary record from a small subalpine lake in
Rocky Mountain National Park, Colorado, U.S.A.
Immediately after 17 high-severity fires, the sedimentary
concentrations of five elements increased (Ti, Ca, K, Al,
and P), but returned to pre-fire levels within three
decades. Multivariate analyses indicate that erosion of
weathered mineral material from the catchment is a
primary mechanism though which high-severity fires
impact element cycling. A longer-term trend in sediment
geochemistry was also identified over millennial time
scales. This decrease in the concentrations of six
elements (Al, Si, K, Ti, Mn, and Fe) over the past 6200
years may have been due to a decreased rate of high-
severity fires, long-term ecosystem development, and
changes in precipitation regime. Our results indicate that
high-severity fire events can determine elemental
concentrations in subalpine forests. The degree of
variability in biogeochemical response across time scales
suggests that shifting rates of high-severity burning can
cause significant changes in key rock-derived nutrients.
To our knowledge, these results are the first to reveal
repeated loss of nutrients from the terrestrial ecosystem
due to high-severity fires. Understanding the future of
fire-prone  coniferous  forests  requires  further
documentation and quantification of this important
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feedback mechanism between fire and

biogeochemical cycles.

regimes

ID: 01606, 31.- Global Dust Deposition in Past, Present,
and Future Climates, (Oral)

Holocene dust composition in the Indian Ocean inferred
from Amsterdam Island peat geochemistry

Chuxian Lil, Gaél Le Rouxl, Jeroen Sonkez, Nadine
Mattiellis, Natalia Piotrowska4, Nathalie Van der
Putten’ , Catherine Jeandel® , Francgois De
Vleeschouwer® 1) Ecolab CNRS, Université de Toulouse,
Castanet Tolosan, France 2) Geoscience, Environment,
Toulouse, Midi-Pyrenees Observatory, Toulouse, France
3) Department of Earth and Environmental Sciences,
DSTE, CP 160/02, Université Libre de Bruxelles 4) Silesian
University of Technology, Institute of Physics-CSE,
Gliwice, Poland 5) Department of Geology, Quaternary
Sciences, Lund University, Lund, Sweden 6) LEGOS
(CNRS/CNES/IRD/UPS),  Midi-Pyrenees  Observatory,
Toulouse, France * Chuxian Li, chuxian.li@ensat.fr

Peat bogs can produce high-resolution records of
environmental and climatic changes. Because almost
exclusively constituted of organic matter, peat bogs
provide low uncertainty chronologies (14C, 210Pb, 137Cs,
*'Am) that allow recovering high-quality paleo-
information over the Holocene and beyond. Although
they have been abundantly used to monitor past
atmospheric pollution, less attention has been given to
pre-anthropogenic signals, especially in the Southern
Hemisphere and in the sub-Antarctic.

A 5-m peat core was collected from Amsterdam Island
(37°50'742" S, 77° 32’ 898" E), French Austral Territories
in late 2014. It is a volcanic island displaying Sphagnum
peatlands at its top, located in the middle of the Indian
Ocean and at the crossroads of African, Australian and
southern American dust trajectories (Lamy et al., 2014).

Chronological data and inorganic geochemistry
(lithogenics, REE, Nd isotope, mercury isotope) give the
first insights of sedimentation rate, dust origin as well as
climate change in the middle of the Indian Ocean. In a
first attempt to decipher the sources of mineral inputs,
we investigated Rare Earth Elements spidergrams as well
as Neodymium isotopes. The preliminary results suggest
that there is a constant mix of different sources in the
past ca. 6500 years. Our long-term goal is to investigate
the paleodust fluxes and signatures in such remote
locations in order to extend our knowledge of the dust-
climate-environment interplays.

F. Lamy, R. Gersonde, G. Winckler, O. Esper, A. Jaeschke,
G. Kuhn, J. Ullermann, A. Martinez-Garcia, F. Lambert, R.
Kilian. "Increased Dust Deposition in the Pacific Southern
Ocean During Glacial Periods." Science, Vol. 343, Issue
6169, pp. 403-407
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ID: 01845, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Pollen-based land-cover change during the Holocene in
temperate China for climate modelling

Furong Li 1, Marie-José GaiIIardl, Florence Mazierz,
Shinya Sugita ’, Qinghai Xu*, Zhongze Zhou®, Xianyong
Caos, Ulrike Herzschuh 6, Yan Zhao 7, Dominique
Laffly2 1) Department of Biology and Environmental
Science, Linnaeus University, Sweden 2) CNRS GEODE
UMR 5602, Toulouse University-Le Mirail, Toulouse
31058, France 3) Institute of Ecology, University of
Tallinn, Tallinn 10120, Estonia 4) Institute of Nihewan
Archaeology, Hebei Normal University, Shijiazhuang
050024, China 5) School of Life Science, Anhui University,
Hefei 230601, China, 6) Alfred Wegener Institute
Helmholtz Center for Polar and Marine Research,
Research Unit Potsdam, Telegrafenberg A43, 14473
Potsdam, Germany 7) Institute of Geographic Sciences
and Natural Resources Research, Chinese Academy of
Sciences, Beijing, 100101, China

* Furong Li, furong.li@Inu.se

Quantification of the biogeochemical and biogeophysical
effects of human-induced land-cover change (land-use)
on climate in the past is still a subject of debate. Progress
in our understanding of the net effect of land-use change
on climate greatly depends on the availability of reliable,
empirical reconstructions of anthropogenic vegetation
change. The PAGES working group LandCover6k has the
goal to produce as reliable descriptions as possible of
past vegetation for the evaluation of anthropogenic land-
cover change (ALCC) scenarios and climate modelling
applications at the global scale. China is one of the key
regions of the world where agricultural civilizations
flourished during a large part of the Holocene. However,
the role of human activity in vegetation change is not yet
fully understood. As a contribution to LandCover6k, we
present the first pollen-based reconstruction of land-
cover change, both climate-(natural) and human-induced,
over the Holocene in temperate China using the REVEALS
model (Sugita, 2007). The REVEALS model requires values
of pollen productivity for the major plants characteristic
of the study region. We performed the first evaluation of
the relative pollen productivities (RPP) available from
temperate China and established a tentative standard
RPP dataset for 31 plant taxa. These RPP values were
used together with 95 pollen records from temperate
China grouped into 35 groups for the REVEALS
application. The REVEALS-based values of plant cover
strongly differ from the pollen percentages. As in Europe,
pollen percentages generally underestimate the cover of
herbs in the vegetation, except for Artemisia that is
overrepresented by pollen. As expected, human-induced
deforestation is highest in eastern China with 3 major
phases of decreasing woodland cover at ca. 5.5-5k, 3.5-3k
and 2k calendar years BP. Disentangling human-induced
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from climate-induced land-cover change requires
thorough comparison of the REVEALS reconstructions
with historical and archaeological data.

Sugita S (2007) The Holocene, 17(2): 229-241.

ID: 02009, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

The Quaternary history of non-marine molluscs in the
Somme valley (northern France) during the last 1 Myr

Nicole LIMONDIN-LOZOUET *, Kirsty PENKMAN *, Pierre
ANTOINE! 1) Laboratoire de Géographie Physique, UMR
8591 CNRS-Université Paris I-UPEC 2) Department of
Chemistry, University of York * Nicole Limondin-
lozouet, Nicole.Lozouet@Igp.cnrs.fr

The Somme valley is a key area for the Human occupation
of NW Europeand and has been intensively studied since
the end of the XIXth century. In this region, Quaternary
deposits are represented by a terrace system including
ten alluvial sequences covered by slope deposits which
formed during the last million year. Geomorphology and
dating have been intensively studied and provide a
consistent view of geometrical evolution of the landscape
together with a solid chronological frame of events.
Many sites have been excavated within these formations
and have given opportunities to report on changes of
climate and environments trough time. Non marine
molluscs which are a good proxy for
palaeoenvironmental reconstructions are regularly
preserved in those deposits. In 1952 Breuil published a
first detailed report of all the non-marine molluscan
faunas from Quaternary deposits of the Somme and the
Seine valleys. Sixty vyears later after a lot of
supplementary analyses have been performed, the
present contribution intends to provide a new synthesis
of the history of malacological assemblages since 1 Myr.
How climatic cycles influence composition of snail
communities ? Is there a model of malacological
evolution vs climatic and environmental changes ? What
evolution of biodiversity can be reported ? Change in
number of species ? Extinction of taxa ? Evolution of
geographical distribution of species?

ID: 02363,03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Temporal-spatial climate variations during 17th-19th
centuries using Chinese chronological records

Kuan-Hui Elaine Lin® , Pao K. Wangl, Yi-Chun Liaol, Shih-
Yu Lee', Hsiung-Ming Liao®, Pi-Ling Pai’, I-Chun Fan’ 1)
Research Center for Environmental Changes, Academia
Sinica 2) Research Center for Humanity and Social
Sciences, Academia Sinica

* Kuan-hui Elaine Lin, khelin@gate.sinica.edu.tw
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Climate reconstruction and numerical modeling provide
important information on the rate and pattern of climate
responses to the forcings. But there still exists some
notable limitations on the methods and proxy data to
accurately depict climate anomaly and variability and

their regional expressions at high temporal-spatial
resolution. This research highlights a new REACHS
dataset that collects primarily documented
meteorological records from thousands of local

chronicles in the Chinese history in more than 2000
years. The meteorological records were digitized and
coded in the relational database management system in
which accurate time (from yearly to diurnal), space (from
province to city/county) and event (from meteorological
to phonological and social) information is carefully
reserved for analysis. Our present research results on the
annual and seasonal temperature reconstruction during
17"-19" indicates lower temperature in the 17" century
with higher occurrence frequency of summer snowfall
record, correspondent to the Manuder Minimum.
Precipitation reconstruction fluctuated with strong
regional expressions in the Northeast, Central-east and
Southeast China. Spectral analysis shows precipitation to
have significant 3-5 and 8-12 years periodicity during the
period, suggesting a likely interannual variability and
different regional signatures. Flood was periodically
happened but enduring drought was more frequently
occurred in the 17" than in the following century;
furthermore drought is perfectly matched with locust
records, especially in the 17" century. The temporal and
spatial variability of the climate reconstruction implies
hierarchical and multi-scaled climate variability and a
likely changing regime of monsoon: its spatial
distribution, pattern and intensity. More detailed spatial-
temporal analysis will be applied to analyze the
dynamism.

ID: 02261, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

The Atlantic Deep Circulation During Interglacial MIS 11

Jasmin M. Linkl, Patrick BIaserl, Jorg Lippoldl, Marcus
Gutjahrz, Anne H. Osbornez, Evelyn Béhma, Martin
Frankz, Oliver Friedrichl, Norbert Frank' 1) Heidelberg
University 2) GEOMAR Helmholtz Centre for Ocean
Research Kiel 3) LSCE

* Jasmin M. Link, jasmin.link@iup.uni-heidelberg.de

The ocean’s role is crucial regarding the Earth’s energy
balance and thus climate state. Here, we present a new
record of deep water mass provenance in the subtropical
western North Atlantic during the interglacials MIS 9, 11,
and 15, together with published data of MIS 1 and 5. We
achieve this through the reconstruction of the authigenic
neodymium isotopic composition (gyg) of sediment core
ODP Site 1063 located on the Bermuda Rise by leaching
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off the bulk sediment particles’ ferromanganese oxy-
hydroxide coatings.

While most interglacials reveal a similar pattern, MIS 11c
stands out. Compared to the other interglacials, more
unradiogenic gyy values are recorded, which also lasted
for the entire interglacial for almost 30 kyr. This
observation agrees with the &y retrieved from
foraminifera. Such an extreme isotopic composition has
previously been documented only during rapid climate
warmings of the last glacial period [Bohm et al. 2015,
Nature 517]. Since the continents surrounding the
Labrador Sea are an important source for unradiogenic
Nd, the here traced low gyy values are most likely
indicative of a stronger influence of the Labrador Sea in
the Bermuda Rise area during MIS 11c, either through
enhanced Nd input from continental weathering and / or
intensification of Labrador Sea deep water formation.
Overall, MIS 11 stands out as a super-interglacial in terms
of North Atlantic deep circulation.

ID: 01315, 27.- The climate record of the past 5 million
years: from the seasonal cycle to Ice Ages, (Oral)

The Holocene Global Temperature Conundrum, When
Models Meet Data

Zhengyu Liu'1) University
* Zhengyu Liu, zliu3@wisc.edu

State-of-the-art climate models are inconsistent with
most recent data synthesis of global temperature trend in
the Holocene. Surface temperature reconstruction of
global annual temperature shows early Holocene warmth
followed by a cooling trend through the middle to late
Holocene. To the contrary, climate models show a slow
warming trend, caused by the retreating ice sheets and
rising atmospheric greenhouse gases (GHGs). The cause
of the discrepancy remains elusive. Our preliminary re-
examination of this contradiction between the
reconstructed cooling and the simulated warming points
to potential biases in both the seasonality of the proxy
reconstruction and the climate sensitivity of current
climate models. We also discuss some other conundrum
on persistent model-data inconsistency and their
implications.

of Wisconsin-Madison

ID: 02341, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Holocene climate variability and trends: data and
models

Gerrit Lohmannl, Monica lonita® , Patrick Scholz! , Xiaoxu
Shi*, Madlene Pfeiffer’ 1) Alfred Wegener Institute
Helmholtz Centre for Polar and Marine Research,
Bremerhaven, Germany 2) University of Bremen, Marum,
Bremen, Germany

* Gerrit Lohmann, Gerrit.Lohmann@awi.de
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Data-model comparisons are hindered by uncertainties
like varying reservoir ages or potential seasonality bias of
the recorder systems, but also due to the models\'
difficulty to represent the spatio-temporal variability
patterns. For the Holocene we detect a sensitivity to
horizontal resolution in the atmosphere, the
representation of atmospheric dynamics, as well as the
dynamics of the western boundary currents in the ocean.
These features can create strong spatial heterogeneity in
the North Atlantic and Pacific Oceans over long
timescales unlike a diffusive spatio-temporal scale
separation. Futhermore, it is shown that such non-linear
mechanisms could create a non-trivial response to
seasonal insolation forcing via an atmospheric bridge
inducing non-uniform temperature anomalies over the
northern continents on multi-millennial time scales. It is
argued that some obvious biases between models and
data may be linked to the missing key persistent
component of the atmospheric dynamics, the North
Atlantic blocking activity. It is shown that blocking is also
linked to Atlantic multidecadal ocean variability and to
extreme events. Interestingly, several proxies provide a
measure of the frequency of extreme events, and a
proper representation is a true challenge for climate
models.

ID: 01436, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction

Fluvial dynamics in the southern Amazonian foreland
basin on annual and millennial time scales

Umberto Lombardol, Leonor Rodriguesz, Adrien
Mestrot®, Heinz Veit®1) Universitat Pompeu Fabra 2)
University of Bern

* Umberto Lombardo, umberto.lombardo@upf.edu

Based on the floodplain sedimentation patterns of large
rivers in the southern Amazonian foreland basin (SAFB), it
has been suggested that alluvial plain sediment
accumulation is primarily the result of river crevasse
splays triggered by above normal precipitation events
due to La Nifa. Using Landsat images from 1984 to 2014,
we analyse the behaviour of all the twelve tributaries of
the Mamoré River with a catchment in the Andes. We
show that these are very active rivers and that the
frequency of crevasses is not linked to ENSO activity.
Fluvial dynamics on a millennial time scale is
reconstructed trough the analysis of 40 stratigraphic
cores taken along a 300 km long transect across the
SAFB. Based on 30 radiocarbon ages from paleosols
intercalated with fluvial sediments, we reconstruct the
most important Holocene changes in the SAFB's
floodplain dynamics. We conclude that, on an annual to
decadal time scale river sedimentation is controlled by
intrabasinal processes; while the changes in river activity,
which occur on a millennial scale, are controlled by
climate. Fluvial activity decreases from 8k cal. yrs BP to 4k
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cal. yrs BP, and increases from 4k to 2k cal. yrs BP, when,
once again, fluvial activity decreases and reaches its
minimum after 2k cal BP.

ID: 02056, 16.- of

paleofloods, (Oral)

Multidisciplinary reconstruction

The record of megafloods in marine sediments: an
example from the NE Pacific

Cristina Lopes', Alan C. Mix’ 1) IPMA/CCMAR 2) CEOAS
* Cristina Lopes, cristina.c.lopes@gmail.com

Massive inputs of freshwater into the ocean are known to
disrupt climate. This has been fairly studied in the North
Atlantic with freshwater inputs from the Laurentide ice
sheet and glacial Lake Agassiz. The association of these
discharges with deglacial warming has lead us to look for
such prints in marine sediments in order to understand
its paths and mechanisms. Glacial Lake Missoula
"megafloods", in the North America, have been
extensively studied on land. The outbursts of freshwater
not only dramatically changed the landscape but also
might have changed the Northeast Pacific ocean
circulation, thus affecting climate. Studies showed that
a ~610 m tall ice dam, holding about 2x10° to 10° km”® of
water was confining the lake, outbursting with a 106m3/s
to 10'm*/s flux into ocean. Understanding the behavior
and mechanism of these floods in the past help us to
understand the behavior of modern glacial lakes
including the Antarctica sub glacial lakes.

Here we show the records of Glacial Lake Missoula
outbursts during the warming since the Last Glacial
Maximum, in two marine cores off Oregon and
California. The presence of diatoms that are linked to
massive discharges of freshwater from the glacial lake
Missoula allowed us to constrain the dynamics and timing
of these north America megafloods. The consequences of
such discharges of freshwater in the Northeast Pacific
regional circulation remains unknown. We estimate a
salinity decrease of almost 6.0 PSU more than 400 km
south during the last glacial interval (from 13-30
calendar (cal) k.y. B.P.). Anomalously high abundances of
freshwater diatoms in marine sediments from the region
precede generally accepted dates for the existence of
glacial Lake Missoula, implying that large flooding events
were also common during the advance of the Cordilleran
Ice Sheet.

ID: 01303, 27.- The climate record of the past 5 million
years: from the seasonal cycle to Ice Ages, (Oral)

Simulating ENSO evolution of the last 300,000 years:
precessional modulation of ENSO variance and seasonal
phase-locking
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Zhengyao Lu', Zhengyu Liu®, Guangshan Chen’ 1) Peking
University 2) University of Wisconsin Madison
* Zhengyao Lu, luzhengyao88@gmail.com

The responses of ENSO and the equatorial Pacific annual
cycle to external forcing changes are studied in three
3,000-year-long NCAR-CCSM3 model simulations. The
simulations represent the period from 300 ka BP to
present day. The first idealized simulation is forced only
with accelerated orbital variations, and the rest are
conducted more realistically by further adding on the
time-varying boundary conditions of GHGs and
continental ice sheets.lt is found that orbital forcing
dominates slow ENSO vairance evolution, while the
effects of GHGs and ice-sheet forcing tend to compensate
each other. On the orbital time scales, ENSO variability
and annual cycle amplitude change in-phase and both
have pronounced precessional cycles modulated by
variations of eccentricity. Orbital forced ENSO intensity is
dominated linearly by the change of the coupled ocean-
atmosphere instability (or its growth rate). In glacial-
interglacial cycles, additionally, the
weakening/strengthening of ENSO owning to a more
concentrated/depleted GHGs level leaves little net signal
as compensated by the effect coherent change of
decaying/expanding ice sheets. Furthermore, ENSO
seasonal phase locking is shifted periodically following
the precessional forcing: ENSO tends to peak in boreal
winter when perihelion is near vernal equinox, but in
boreal summer when perihelion ranges from autumn
equinox to winter solstice. The phenomenon is caused by
the change of the seasonality of the growth rate of ENSO,
which is associated with the mean climate and climate
sensitivity response to the precessional modulation.

ID: 01819, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

A high-resolution speleothem record of the Ilast

interglacial (MIS-5e) in the Northern Alps

Marc Luetscherl, Gina E. Moseleyz, Florian Hof3,
Christoph Spbtlz, R. Lawrence Edwards® 1) Austrian
Academy of Sciences, Interdisciplinary Mountain
Research 2) University of Innsbruck, Institute of Geology
3) Swiss Society of Speleology 4) University of Minnesota,
Department of Earth Sciences

* Marc Luetscher, marc.luetscher@uibk.ac.at

Quantifying the duration and magnitude of past
interglacials is of prime importance to understand
ecological adaptation to a warmer world. Mountain areas
such as the European Alps are particularly sensitive to
even small hydroclimatic changes and thus require
reliable records to unravel the complex spatial response.
Here, we present a new speleothem record (7H-12) from
the Sieben Hengste cave system, Switzerland,
encompassing the last interglacial period. The onset into
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the interglacial is dated at 129.8+ 0.8 ka, consistent
within error with other recently published records of
Termination Il for the European Alps (Hauselmann et al.,
2015; Moseley et al., 2015). However, in marked contrast
to these speleothem records, 7H-12 shows a rapid
increase in 6180, which reaches a climax at 128.440.8 ka
and is followed by a gradual depletion until 117.5 ka. This
distinct pattern, characterized by low interannual
variability, suggests that 7H-12 was little affected by local
processes and, thus, may represent a robust archive for
the last interglacial at a regional scale. Moreover, the 7H-
12 time series is well aligned with the Chinese Sanbao
speleothem record (Cheng et al. 2009), suggesting a
teleconnection between the North Atlantic system and
the East Asian monsoon system. Overall, in combination
with other speleothems from the Sieben Hengste cave
system, the opportunity to quantify the amplitude of the
climate signal over a full glacial cycle is provided for the
first time.

References: Cheng H. et al. 2009. Science, 326, 248-252;
Hduselmann A. et al., 2015. Quat. Sci. Rev., 126, 264-275;
Moseley G. et al., 2015. Quat. Sci. Rev., 127, 229-239.

ID: 01718, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)

Leaf wax biomarker reconstruction of Pliocene
hydrological variation during Australopithecus afarensis
evolution in Afar, Ethiopia

Rachel Lupienl, James Russelll, Isla Castaﬁedaz,
Christopher Campisanoa, Andrew Cohen®1) Brown
University 2) University of Massachusetts Amherst 3)
Arizona State University 4) University of Arizona
* Rachel Lupien, rachel_lupien@brown.edu

Climate change is thought to play a critical role in human
evolution. However, this hypothesis is difficult to test due
to a lack of long, high-quality paleoclimate records from
key hominin fossil locales. We improve the understanding
of this relationship by examining Plio-Pleistocene lake
sediment drill cores from East Africa that were drilled as
the foundation of the Hominin Sites and Paleolakes
Drilling Project, an international effort to study the
environment in which our hominin ancestors evolved and
dispersed. The goal of our research is to produce
sedimentary records of climatic and environmental
change from the basins in which early hominins lived in
order to test various evolutionary and climate variation
hypotheses.

We have analyzed organic geochemical signals from drill
cores in paleolake Awash in the Afar region of Ethiopia
where ‘Lucy’ was discovered. We present leaf wax
hydrogen and carbon isotopic variation; the hydrogen
isotopic compositions of these waxes record changes in
regional hydrology, while complimentary carbon isotopes
provide insight into the paleo-vegetation. These


mailto:luzhengyao88@gmail.com

ABSTRACT BOOK

biomarker proxies provide a relatively straightforward
indicator of past rainfall amount, which directly affects
the Australopithecus afarensis habitat vegetation
structure. The Awash drill core spans ~2.5-3.45 Ma,
including part of the Pliocene Warm Period, making this
study not only important for paleoanthropological
research, but crucial in reconstructions of African
terrestrial paleoclimate during a time dominated by
precessional monsoon cycles prior to the intensification
of Northern Hemisphere glaciation.

ID: 02151, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

BETWEEN- AND WITHIN-BIOME RESILIENCE AT THE
FYNBOS-FOREST BOUNDARY, SOUTH AFRICA

James MacPherson®, Lindsey Gillson*, Timm Hoffman® 1)
Plant Conservation Unit, Department of Biological
Sciecnes, University of Cape Town * Abraham
Ngabutho Dabengwa, abrahamdabengwa@gmail.com

The fynbos biome of the Greater Cape Floristic Region
(GCFR) of South Africa is a biodiversity hotspot,
threatened by global change and local disturbance.
Understanding of the resilience of this ecosystem is
therefore critically important.

Fynbos exists in the same climatic zone as afrotemperate
forests, and it is thought that these alternate stable
states are maintained by fire, to which fynbos is adapted,
but which afrotemperate forest cannot tolerate. In this
study, palaeoecological data were used to assess the
effects of changes in climate, fire and land use on
vegetation at the from the fynbos — forest boundary. We
hypothesised that the forest extent would increase in
wetter climates with less fire, and contract in times when
climate was drier and / or more fire prone. We further
hypothesised that forest extent would be influenced by
rainfall seasonality, with less seasonal rainfall facilitating
forest expansion.

Despite known climatic changes over the past 3000 years,
the fossil pollen data suggest remarkable stability of the
fynbos-forest ecotone. The resistance of fynbos to forest
invasion is explained by a combination of increased
seasonality during cooler, wetter period, which would
enhance summer drought stress, and increased fire in
warmer, drier, but less seasonal periods when biomass
productivity would have been higher. Furthermore,
resilience of fynbos was enhanced through internal
dynamics, that allowed a shift from grassy, fire prone
fynbos in warmer, less seasonal time periods, to proteid
fynbos during times of greater summer drought stress.
Even with warming climate, proteoid fynbos was able to
persist because increased herbivory, associated with the
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arrival of pastoralists, helped to prevent the build-up of
biomass and a return to more fire-prone conditions.

These findings highlight the importance of understanding
complex interactions between seasonality, ecology, fire
and human land-use in predicting the responses of
fynbos to changing environmental conditions.

ID: 01412, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Disentangling drivers and directions of land cover
change: human and environmental interactions across
East Africa from 6000 years ago to present

Rob Marchantl, 25 co-authors muItipIe2 1) KITE,
University of York 2) Multiple

* Rob Marchant, robert.marchant@york.ac.uk
Archaeological, archaeobotanical, linguistic  and

palaeoenvironmental data haven been compiled under
the LandCover6k project to chart land cover change over
the past 6000 vyears. Through an interdisciplinary
exchange of information, we can disentangle drivers and
directions of land cover change, the associated
environmental history and multiple interactions with the
distribution of various cultures, technologies, and
subsistence strategies in time and space across the East
African region. We focus on the mapping subsistence
and land use transitions throughout East Africa from
6000 years BP it is clear there have been a series of quite
rapid and high magnitude environmental shifts
characterised by changing hydrological balance of the
region. For example, a pronounced environmental shifts
manifested as a marked change in the hydrological
budget throughout East Africa cantered around 4000,
800 and 300 yr BP particularly as a result of decreased
rainfall or seasonality.

In addition to being a pronounced period of
environmental change there are numerous coeval shifts
attributed to human history and interactions with the
environment over the past 6000 years. From the mid
Holocene anthropogenically derived land use change has
increased exponentially although there have been a
series of waves of land cover change associated with the
arrival of new subsistence systems, crops, migrants and
technologies. For example, the first large scale impacts
did not occur to around 4000 yr BP associated with the
arrival of pastoral communities. The first extensive forest
clearances were associated with the arrival of Bantu
farmers around 2500 yr BP with metallurgy and
particularly focusing on the productive and easy to clear
mid-altitudinal areas. Targeted areas of future research
are indicated that incorporate development of ecosystem
modelling and in particular combining archaeological and
palaeoenvironmental investigation with a regional focus.
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ID: 01483, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Tiny but powerful - the use of functional traits of testate
amoebae as disturbance indicators in palaeoecological
studies of peatlands

Katarzyna Marciszl, Daniele Colombaroliz, Vincen E. J.
Jasseys, Willy Tinnerl, Piotr Kolaczek4, Mariusz Galka4,
Monika Karpinska-KoIaczekS, Michal SIowinkiG, Mariusz
Lamentowicz® 1) Institute of Plant Sciences and Oeschger
Centre for Climate Change Research, University of Bern,
Altenbergrain 21, Bern, Switzerland 2) Universiteit Gent
Limnology research unit, K.L. Ledeganckstraat 35, 9000
Ghent, Belgium 3) Ecole Polytechnique Federale de
Lausanne, School of Architecture, Civil and Environmental
Engineering, Ecological Systems Laboratory, Lausanne,
Switzerland 4) Department of Biogeography and
Palaeoecology, Adam Mickiewicz University,
Krygowskiego 10, Poznan, Poland 5) Laboratory of
Wetland Ecology and Monitoring, Adam Mickiewicz

University, Krygowskiego 10, Poznan, Poland 6)
Department of  Environmental Resources and
Geohazards, Institute of Geography and Spatial

Organisation, Polish Academy of Sciences, Twarda 51/55,
Warszawa, Poland

* Katarzyna Marcisz, marciszkatarzyna@gmail.com

Disturbances affecting peatlands, such as fire and peat
extraction, often cause water table lowering, with long
lasting effects on local microbial communities and
biogeochemistry. Also, prolonged droughts can lead to
changes in ecosystem functioning, shifts in vegetation
structure, and influence microbial diversity and food-
webs. As a result, disturbed peatlands may become
carbon sources instead of natural sinks, particularly
under future scenarios of land use and climate changes. A
tool to monitor disturbances in peatlands may help to
anticipate such risks. As shown in ecological studies,
species\' functional traits might be helpful as they are
closely related to ecosystem processes through
evolutionary adaptation. In our study we show how
functional traits of testate amoebae (TA) can be used as
an “early warning” signal of ecosystem disturbance and
help determine thresholds of ecosystem resilience to
various disturbances. We analysed TA traits from two
Sphagnum peatlands in Poland which had experienced
both fire and peat extraction in the past 2ka. We also
used structural equation modelling to test the effect of
disturbances on the linkages between TA community
structure, functional trait composition and functional
diversity. Our results show that two traits: ‘mixotrophy’
and ‘plagiostomic apertures’ are related to disturbances
over the long time-scales (decades to century). We
observed loss of mixotrophic TA and an increase of TA
possessing plagiostomic apertures during and post-
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disturbance. We suggest that those two traits can be
used as proxies for peatland disturbance to support
conventional microscopy analyses of TA communities.

We acknowledge a support by grant CLIMPEAT PSPB-
013/2010 from Switzerland through the Swiss
Contribution to the enlarged EU, Scientific Exchange
Programme from the Swiss Contribution to the New
Member States of the EU — SCIEX Scholarship Fund,
project RE-FIRE 12.286, the Swiss Government Excellence
Scholarship, project FIRECO 2016.0310.

ID: 02099, 15.- The Holocene - its climate variability and
rapid transitions, (Invited Oral)

Holocene Climate Change: A Data Perspective

Shaun Marcottl, Jeremiah Marsicekl, Cody Roustonz,
Jeremy Shakun®, Darrell Kaufman®, Nicholas Mckay2 1)
University of Wisconsin-Madison 2) Northern Arizona
University 3) Boston College

* Shaun Marcott, smarcott@wisc.edu

The Holocene epoch spans the entire length of human
civilization and is generally considered an interval of
relative climate stability. An initial global surface
temperature reconstruction of the Holocene suggests
that the historically documented 1.0°C global-average
warming over the past century spans the full range of
Holocene global-average temperature variability and
reversed a long-term cooling trend that began nearly
5,000 years ago (Marcott et al., 2013). This work agrees
well with other surface temperature studies for the past
2,000 years (Mann et al.,, 2008) and reconstructions of
ocean heat content for the past last 10,000 years
(Rosenthal et al., 2016). In contrast, most Holocene
model simulations to date tend to exhibit a long-term
global warming rather than the cooling seen in the proxy
records (Marcott et al., 2013; Liu et al.,, 2014). This
disparity raises fundamental questions: Are we
misinterpreting what the proxy record tells us about past
climate change? Or are models missing key physics in
response to major climate forcings? Both are possibilities
and as yet, have not been fully explored.

Major PAGES efforts to synthesize and analyze global
paleoclimate records and model simulations of the last
several hundred thousand years have already been
undertaken (e.g. Liu et al., 2009; Tzedakis et al., 2012;
PAGES 2k Consortium, 2013). The transient evolution of
the Holocene climate, however, is still generally
underrepresented in past climate reconstructions. Here
we present an expanded dataset of Holocene proxy
temperature records that builds on previous work
(Marcott et al, 2013), and includes a more diverse
network of climate proxies (e.g. pollen, d180). We will
discuss our current research efforts (e.g. Marsicek et al.,
submitted) to characterize past climate trends of the
present interglacial as well as a broad overview.
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ID: 01466, 22.- Understanding past variations in
atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Invited Oral)

Which mechanisms led to Heinrich 1 atmospheric CO2
increase?

Laurie Menvielll) Climate Change Research Centre,
University of New South Wales, Sydney, Australia
* Laurie Menviel, .menviel@unsw.edu.au

During Heinrich stadial 1, atmospheric CO, increased by
36 ppm, while 8"C0, and A'*C0O, decreased by 0.3 permil
and 115 permil, respectively. In addition, oceanic 8c
data, particularly from the Pacific and Southern Ocean,
indicate a decrease in §°C vertical gradient during that
time. Here, transient experiments of the early part of the
last deglaciation are performed with a carbon isotope-
enabled Earth System Model. A model-data comparison
focusing on atmospheric and oceanic changes in 8°C as
well as A™CO, provides constraints on the distinct roles
of changes in iron fertilization, Southern Ocean upwelling
and terrestrial carbon release in driving the atmospheric
CO, increase during the early part of the deglaciation.

ID: 01549, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Land-ocean pre- and post-industrial climate variability in
the Europe/Mediterranean paleo-archive: unique,
similar or unlike the global context?

Belen Martratl, MedOC2k team, 2k Consortium, phase
3? 1) Spanish Council for Scientific Research (IDAA-CSIC);
Barcelona, Spain 2) PAGES International Project Office;
Bern, Switzerland

* Belen Martrat, belen.martrat@idaea.csic.es

Recent syntheses of ocean and land temperatures have
estimated the timing of global anthropogenic warming
around the mid-nineteenth century (Abram et al., 2016),
after a cooling trend that has been explained by explosive
volcanism and/or to a lesser extent by land use change
(McGregor et al., 2015). A central question here is
whether the Mediterranean/North Atlantic region is
unique as compared to the global pattern due its
continentality, human modifications and amplified
sensitivity to forcings. In this study, a composite of sea
surface temperature (SST) reconstructions from the
Mediterranean/North Atlantic basins is compared with a
stack of terrestrial records selected to describe the
temperature variability in the European region over the
past 2000 years. Prior to 800 CE, during the Roman and
Dark Ages intervals, the scarcity of measurements
prevents us from making sound inferences. From 800 to
1800 CE, both land and ocean signals present common
significant  cooling trends (up to -1 s. d.
units/millennium), with anomalous cold temperatures
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registered during the Little Ice Age, standing out in both
composites, particularly after 1600 CE. During the post-
industrial time interval, the terrestrial synthesis registers
almost +2 s. d. units warming since 1800 CE. The warming
is of lower amplitude in the ocean stack, only +1 s. d.
units. Sensitivity tests suggest that the 20th century
ocean warming amplitude is more pronounced as more
low-latitude records are taken into consideration,
whereas inclusion of high-latitude and/or upwelling
locations attenuates it. Inherent uncertainties in the
available paleo-reconstructions and modes/mechanisms
as yet to be explored bring about that for example the
answer to the question whether the post-industrial
period is likely the warmest climatic period of the past
2000 vyears appears to remain elusive in the
Europe/Mediterranean archives.

ID: 01765, 31.- Global Dust Deposition in Past, Present,
and Future Climates, (Oral)

Dust deposition and soil organic carbon storage at the
landscape scale: Case study of Holocene loess, central
Great Plains, USA

Joseph A. Masonl, Peter M. Jacobsz, William C.
Johnson3, Xiaodong Miao4, Laura Szymanskil, Erika
Marin-Spiotta1 1) University of Wisconsin-Madison 2)
University of Wisconsin-Whitewater 3) University of
Kansas 4) lllinois State Geological Survey

* Joseph Mason, mason@geography.wisc.edu

After dust is deposited in vegetated landscapes, OC is
added to it; as the dust continues to accumulate, this OC
may then be sequestered by being buried at depths
where decomposition is slower. The overall effect on OC
storage per unit area of the landscape depends on rates
of dust deposition, post-depositional erosion, OC input
from vegetation, and decomposition. Discrete OC-rich
paleosols within loess sequences record periods of
minimal dust deposition, but even more rapidly
deposited loess can have significant OC content in some
settings. We extended the analysis of Jacobs and Mason
(2005, Geoderma 125:95-106) to understand how
Holocene dust accumulation—producing a loess mantle
ranging from < 0.5 to > 6 m thick—affected OC storage at
the landscape scale in the central Great Plains, USA. We
focus on carbon stocks in the column of Holocene loess
that buries the Brady Soil, an OC-rich paleosol recording
landscape stability during the Pleistocene-Holocene
transition. Those stocks are generally greatest where the
Holocene loess is thickest, but the relationship is not
linear because where dust was deposited at especially
high rates, little OC was added to it. Furthermore, the
highest rates of Holocene loess accumulation were
limited to narrow (< 1 km wide) zones on dissected
tablelands just downwind of active dust sources. Much of
the total volume of Holocene dust deposited in near-
source areas made no contribution to upland OC storage
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because it was rapidly removed by water erosion in
dissected, steeply sloping parts of those landscapes;
some remobilization by the wind is also likely. At a
regional scale, the greatest impact of Holocene dust
accumulation on carbon storage is likely to be in the
much more extensive, less dissected areas of relatively
thin (< 0.7 m) Holocene loess.
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hypolimnetic anoxia and a change in the trophic state
from oligotrophic to mesotrophic partly as a result of a
higher allochthonous C,, contribution. The human-
induced modifications in the catchment in Lake Enol are
of special importance in a context of global warming,
which is another factor sustaining and increasing
hypolimnetic anoxia on the lake.

ID: 01939, 18.- Human Impact on Global Aquatic Systems,
(Oral)

The Sediment Record of human activities in Lake Enol
(Picos de Europa National Park, Northern Spain)

M.Pllar Matal, Mario Morellénz, Juana Vegasa, Javier
Sanchez Espaﬁal , Ana Moreno*, Juan Antonio Rodriguez-
Garcia , Ana Navas > , Angel Salazar , Jorge Pey 6, Blas
Valero-Garcés “1) Instituto Geoldgico y Minero de
Espafia, IGME. La Calera, 1. 28760 Tres Cantos, Madrid,
Spain 2) CITIMAC, Universidad de Cantabria. Avda. de los
Castros s/n. 39005 Santander (Cantabria), Spain 3)
Instituto Geoldgico y Minero de Espaiia, IGME. Rios Rosas
23. 28003 Madrid, Spain 4) Instituto Pirenaico de Ecologia
(IPE) — CSIC, Avda. Montafiana 1005, 50015 Zaragoza
(Zaragoza 5) Estacion experimental de aula dei (EEAD),
CSIC, Avda de Montafana, 50059 Zaragoza (Zaragoza 6)
Instituto Geoldgico y Minero de Espafia, IGME, C/ Manuel
Lasala, 44 — 9 B, 50006 Zaragoza

* Maria Pilar Mata, p.mata@igme.es

Lake Enol, a mountain lake in Northern Spain, is located
at 1,070 m a.s.l. in Picos de Europa National Park (PENP),
an emblematic area of limestone formations, Atlantic
forests, mountain meadows and a varied and rich wildlife
which led to its declaration as National Park (first one in
Spain) in 1918. The Enol Lake is one of the most visited
places in the PENP (> 600.000 visitors/year). A Fe-Mn
mine (Buferrera) was exploited in the vicinity of the Lake
since 1844 to 1974, which produced important
hydrological modifications in the watershed. Cattle
grazing has been a traditional activity during the last
centuries. During the mid to late twentieth century,
tourism and road traffic have greatly increased and a
significant livestock population is present (cows, goats,
sheep) with sporadic wild boar and deer.

In this study, the recent evolution of Lake Enol is shown
by means of a multiproxy study of short sediment cores,
including facies analysis, physical properties, digital
imaging, XRF, geochemical analysis, Co/N ratios, 613COrg
and d"°N. The results indicate: i) a clear increase of trace
metals as a result of mining and road traffic; ii) increasing
soil erosion in the watershed as a consequence of local
hydrological changes due to the construction of a road to
access the mine; iii) increased allochthonous C,, in the
recent sediments.

The current lake dynamics reflects the historical human
impact on the aquatic system, with an increasing
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ID: 02263, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

Impacts of recurring extreme climatic events on
societies and landscapes in Provence and Southern
French Alps in the early 18th century: a comparative
analysis

Nicolas Maughanl, Georges Pichard' 1) Aix-Marseille
University
* Nicolas Maughan, nicolas.maughan@gmail.com

Both urban and rural Mediterranean societies have
always coped with specific climatic constraints (i.e.
summer hot waves, persistent droughts, violent and
flashy floods) causing agricultural, economical but also
health disasters; these events are key factors of the
dynamics of coupled human and ecological systems
through history in this part of the world. In the case of
the Provence area and the Southern French Alps, if
various aspects of the environmental and climate history
during the Little Ice Age have already been explored,
especially from the 16th to mid-19th century,
consequences due to unusual recurring extreme climatic
events during the first decades of the 18th century in
Southeastern France have been neglected
notwithstanding available specific local archives (i.e.
“disaster assistance registries”). Therefore, the study of
the impact of these strong climate fluctuations, both on
urban and rural societies, but also on landscapes, in a
comparative perspective between two adjacent areas,
with distinct topographies and natural resources, thus
appears original and interesting. First, after describing
the hydro-climatic context in Southeastern France during
the late LIA (using the newly created HISTRHONE
database, http://histrhone.cerege.fr/), we\'ll present
major social, economic and sanitary outcomes as well as
ecological crises due to these extreme climatic events
which impacted this area together with their effects on
urban and rural dynamics. Then, we\'ll see if there are
significant differences about consequences of these
events between lowlands/coastal areas and mountainous
regions of the Southern Alps.

ID: 02157, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Sea-level proxy records: Are they good enough to
reconstruct small-scale jumps?
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Barbara Mauz', Zhixiong Shen?, Giorgio Spada’ 1)
University of Liverpool 2) Coastal Carolina University 3)
Urbino University * Barbara Mauz, mauz@liverpool.ac.uk

To understand past and future sea-level variability, it is
important to know if during an interglacial the eustatic
sea level is constant, or oscillates by several meters
around an average value. Several field sites within and
outside the tropics have been interpreted to suggest such
oscillations during marine isotope stage (MIS) 5e (129-
116 ka). One of these sites is Hergla, where a well-
exposed facies succession indicates two foreshore
deposits in vertical juxtaposition, previously interpreted
as sea-level highstand amplified by a second rise. Our
study however shows that the upper foreshore strata
coincided with the short-lived global sea-level rise during
MIS 5a (85-75 ka), most likely amplified by local GIA
effects. In the light of these results the challenge to
robustly infer a small sea-level jump becomes apparent:
The facies-based sea-level proxy suffers from both
insensitivity to small-scale sea-level oscillation and
inaccurate or insufficiently precise age data. The reef-
based record, on the other hand, suffers from large
vertical uncertainties due to hard to determine living
range and growth rate of the coral investigated. In
addition, the surface that should form as a result of the
sea-level drop is a feature limited to outcrop scale.

Here we highlight the scale-related challenge by
presenting data from outcrops, GIA model and Bayesian
statistics. In an attempt to overcome the problem while
recognising geological principles at the same time, we
make some suggestions.

ID: 01559, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Oxygen isotope records from Patagonian lakes as
recorders of past hydroclimate and southern westerlies
dynamics - calibration, present achievements and future
perspectives

Christoph Mayr1 , Andreas Liicke® , Holger Wissel? , Julieta
Massaferro3, Cecilia Laprida4, Markus Oehlerichs,
Christian Ohlendorfs, Rodrigo S. Martin4, Josefina
Ramén-MercauA, Jiayun Zhuz, Bernd Zolitschka® 1)
Friedrich-Alexander-Universitat Erlangen-Nirnberg,
Institut fir Geographie, Wetterkreuz 15, 91058 Erlangen,
Germany 2) Forschungszentrum lJilich, Institut fiur Bio-
und Geowissenschaften, IBG-3: Agrosphare, 52425 Jilich,
Germany 3) CONICET, CENAC/APN, Fagnano 244, 8400
Bariloche, Argentina 4) Universidad de Buenos Aires —
CONICET, Instituto de Estudios Andinos “Don Pablo
Groeber”, Ciudad Universitaria, C1428EHA, Buenos Aires,
Argentina 5) Reinhold-Wirth-Hochschule, Daimlerstr. 35,
74653 Kiinzelsau, Germany 6) Universitdit Bremen,
Institut fir Geographie, GEOPOLAR, Wiener Str. 9, 28359
Bremen, Germany
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* Christoph Mayr, christoph.mayr@fau.de

The belt of the Southern Hemisphere Westerlies (SHW) is
considered to have played an important role for global
climate change by controlling, for instance, carbon
dioxide release from the Southern Ocean. However,
testing such a hypothesis is hampered by inconsistencies
between both models and proxy records regarding
intensity and latitudinal shifts of the SHW belt in the late
Quaternary. Oxygen isotope proxies from lake sediments
can be used to tackle questions related to past
atmospheric dynamics and associated hydrological
changes in Patagonia, presently located in the SHW core
region. The modern database needed for the calibration
of isotope proxies from this remote region, however, is
extremely poor. To overcome this lack of data, samples of
surface water and precipitation from Chile and Argentina
between 37 °S and 55 °S were investigated. The isotope
ratios of precipitation strongly reflect spatiotemporal
patterns caused by orographic, latitudinal, and
continental effects. The water balance has a strong
influence on the isotopic composition of lake water.
Bathymetry, exposition to wind, inflows, outflows, and
climatic settings influence the water balances of
Patagonian lakes. Thus, the choice of adequate sites and
of reliable recorders of the oxygen isotopic composition
of the lake water is important. Methodologically refined
isotope proxies, such as oxygen isotope ratios of aquatic
cellulose and chironomid head capsules, provided
promising results in our calibration studies. Combined
oxygen isotope records from aquatic mosses and
authigenic carbonates, continuously covering the last
26,000 years at the ICDP site Laguna Potrok Aike in the
Patagonian steppe, indicated an early gradual warming
starting around 18,000 years ago and extreme drought
conditions in the early to mid-Holocene in the Patagonian
steppe region. Future investigations will concentrate on
densifying the isotopic network and comparing isotope
records from multiple proxies and archives.

ID: 02324, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Pleistocene Permafrost Thawing History of the North
American Arctic Cordillera from U-Th and U-Pb Dating of
Cave Speleothems

David McGee" , Nicole Biller? , Jeremy Shakunz, Benjamin
Hardtl, Celeste Gambinoz, Derek Forda, Bernard
Lauriol® 1) Department of Earth, Atmospheric and
Planetary, Massachusetts Institute of Technology,
Cambridge, Massachusetts 02139, USA 2) Department of
Earth and Environmental Sciences, Boston College,
Chestnut Hill, Massachusetts 02467, USA 3) Department
of Geography and Geology, McMaster University,
Hamilton, ON L8S 4L8, Canada 4) Department of
Geography, University of Ottawa, Ottawa, ON KIN 6NS5,
Canada
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* David Mcgee, davidmcg@mit.edu

Permafrost is widespread in the Arctic and contains twice
as much carbon as the atmosphere in the form of frozen
organic matter. This carbon may be vulnerable to release
to the atmosphere as CH, and CO, under a warming
climate, making permafrost thaw a potentially significant
amplifying feedback. However, because permafrost can
be slow to respond to warming, the short instrumental
record does not adequately capture long-term trends.
Longer records are needed to constrain how sensitive
permafrost is to climate change.One way to address this
problem is to assess the stability of permafrost during
previous interglacial periods, which provide natural
experiments to examine the Arctic’s sensitivity to
warming. Cave speleothems in areas of the Arctic that are
currently permafrost are relicts of past periods of thaw
that enabled meteoric waters to seep into caves and
deposit calcite (e.g., Vaks et al., 2013). We employed
uranium-thorium (U-Th) dating to constrain the
chronology and extent of permafrost thaw in the North
American Arctic during the past 600,000 years. We
sampled caves from a range of permafrost zones
(continuous, discontinuous, and isolated permafrost) and
latitudes (66.5°N to 49°N), in the Yukon, Alaska,
Northwest Territories, and at the boundary of Alberta
and British Columbia. Of the samples dated to this point
(n=67), finite ages tend to cluster near MIS 11 within
uncertainty, with additional samples dated to MIS
13. This dataset, coupled with a similar study in Siberia
(Vaks et al., 2013), is thus suggestive of an episode of
widespread thaw during the MIS 11 interglacial about
400,000 years ago when global temperature was only
~1°C warmer than pre-industrial temperatures. We will
also present preliminary results from U-Pb dating of
samples extending beyond the analytical limit of U-Th
dating.

ID: 02342, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

External and internal origins of ENSO variability
revealed by Holocene corals and climate model
simulations

Helen McGregorl, Steven Phippsz, Matthew Fischera,
Michael Gagana, Laurent Devriendtl, Andrew
Wittenbergs, Colin Woodroffel, Jian-Xin Zhaoe, Jessica
Gaudryl, David Fink3, Allan Chivas 1) School of Earth
and Environmental Sciences, University of Wollongong,
Australia 2) Institute for Marine and Antarctic Studies,
University of Tasmania, Australia 3) Institute for
Environmental Research, Australian Nuclear Science and
Technology Organisation, Australia 4) Research School of
Earth Sciences, The Australian National University,
Australia 5) Climate Change, Variability, and Prediction
Group, NOAA/Geophysical Fluid Dynamics Laboratory,
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USA 6) School of Earth Sciences,
Queensland, Australia

University of

* Helen Mcgregor, mcgregor@uow.edu.au

El Niflo-Southern Oscillation (ENSO) is the main driver of
Earth’s interannual climate variability. Palaeoclimate
records indicate reduced ENSO variance during the
middle Holocene; however, whether external forcing
drives large changes in the magnitude and characteristics
of ENSO variability is a matter of considerable debate.
Here, we combine geochemical data from central Pacific
corals with a suite of forced and unforced simulations
conducted using the CSIRO Mk3L and GFDL CM2.1
climate system models. On millennial timescales, the
coral data reveal a statistically significant increase in
ENSO variance over the past 6,000 years. This trend is not
consistent with the unforced model simulations, but can
be reproduced once orbital forcing is taken into account.
Analysis of the simulations reveals that increasing ENSO
variance arises from a weakening of the Asian summer
monsoon circulation and an associated weakening of the
Pacific Walker Circulation. These results suggest that on
longer time scales ENSO can exhibit a systematic
response to external forcing. The picture is less clear on
shorter time scales and we explore further ENSO multi-
decadal variations focusing on the apparent ENSO
amplitude minimum 3,000-5,000 years ago. We combine
a 175-year-long coral oxygen isotope (6180) ENSO record
from a 4,300-year-old coral with new §'0 results from a
~300-year-long Porites coral microatoll. Both corals were
discovered on Kiritimati (Christmas) Island, an optimal
ENSO ‘centre of action’ in the central tropical Pacific, and
radiometric dating indicates the corals have a 25-year
overlap. Together, the unprecedented contiguous ~450
year-length of the combined results shows interdecadal
modulation of ENSO amplitude. The results provide a
robust baseline against which to quantify the response of
ENSO to external forcing and to assess the degree to
which variability arises from within the ENSO system
itself.

ID: 01530, 26.- Data Stewardship for Paleoscience, (Oral)
Linked PaleoData: What is it and what can it do for you?

Nicholas McKayl, Julien Emile—Geay2 1) Northern Arizona
University 2) University of Southern California
* Nicholas Mckay, Nicholas.McKay@nau.edu

Over the past several decades the paleoclimate
community has developed a diverse and valuable set of
paleoclimatic observations. These data have the
geographic extent and temporal density to enable
scientific inquiry into long-term and preindustrial climate
dynamics; a primary aspiration of cutting edge and
societally relevant research in the field. However, we still
lack efficient access to these data and the critical
metadata that bolster intelligent use of nuanced
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observations. This bottleneck slows scientific discovery
and prevents the field from fully entering a data-driven
paradigm of discovery that has enabled great leaps in
other scientific fields. In recognition of this,
paleoclimatology is beginning a data revolution. At the
heart of this revolution is the need for a structured data
format that can interact with our scientific tools, and that
is sufficiently flexible to span the breadth of
paleoclimatology.Here we present Linked PaleoData, or
LiPD, a data container flexible enough to adapt to the
broad and evolving needs of the paleogeosciences, but
structured enough to facilitate efficient and intelligent
reuse of data and metadata. The LiPD framework
accommodates measured and inferred
paleoenvironmental and geochronological data, as well
as any set of metadata, at any level of the dataset, from
the entire collection down to individual observations.
LiPD also leverages recent advances in knowledge
representation, primarily through its connection to
Linked Earth. LiPD has proven to be powerful in large
data synthesis efforts, such as the PAGES2k Phase 2
temperature and the iso2k efforts. It is also broadly
useful at the site-level, as its capacity to store expanded
methodological metadata and  geochronological
ensembles make it the preferred data format for
emerging platforms for uncertainty quantification,
including CSciBox and GeoChronR. Finally, low-level
interaction with the LiPD format is provided by utilities
available in Matlab, Python and R.

ID: 01347,22.- Understanding past variations in
atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Oral)

Stable Isotopes of Carbon Reveal a Complex Trajectory
for CO2 Drawdown at Last Glacial Inception

James Menkingl, Aron Buffenl, Sarah Shackletonz,
Thomas Bauska3, Edward Brookl, Andreas Schmittnerl,
Rachael Rhodess, Jeffrey Severinghausz, Michael
DyonisiusA, Vasilii Petrenko® 1) College of Earth Ocean
and Atmospheric Sciences, Oregon State University 2)
Scripps Institute of Oceanography, University of San
Diego 3) Department of Earth Sciences, University of
Cambridge 4) Department of Earth and Environmental
Sciences, University of Rochester

* James Menking, menkingj@oregonstate.edu

Roughly half of the interglacial-glacial drop in
atmospheric CO, occurred abruptly ~70 ka ago during the
marine isotope stage 5/4 transition, suggesting significant
and rapid shifts in the processes controlling carbon
cycling on land and in the oceans. Although ice age/
interglacial carbon cycle dynamics have been the topic of
a large body of modeling and empirical research, the
exact mechanisms contributing to the glacial CO,
drawdown are not known. We use a high-resolution,
high-precision record of the 5°C of atmospheric CO,
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preserved in an Antarctic horizontal ice core to infer the
timing and magnitude of changes in carbon cycle
processes that occurred in association with global cooling
and the expansion of ice sheets during the last glacial
inception. The 8"C of CO, traces carbon cycle dynamics
because the stable isotopes of carbon fingerprint
different processes of CO, addition and removal. Our
measurements reveal 0.50%0 of depletion between ~71-
70 ka followed by 0.75%o of enrichment from ~70-68 ka,
suggesting a complex trajectory for the glacial CO,
drawdown with different processes dominating at
different times during the transition. Qualitatively, our
record is consistent with CO, sequestration resulting
from cooling sea surface temperatures and subsequent
increases in the efficiency of the ocean biological pump.
Experiments employing the University of Victoria Earth
System Climate Model are underway to interpret the 8C
record quantitatively, the results of which are intended
to constrain the likely CO,sequestration pathway(s). The
conclusions of this study contribute to a more complete,
mechanistic understanding of the relationship between
the carbon cycle and global climate.

ID: 01480, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

The delayed expansion of forests in Southern Caucasus

Erwan Messagerl, Sébastien Joanninz, Chantal Leroyer?’,
Adam Ali*, Odile Peyronz, Amy Cromartie® 1) EDYTEM
UMR 5204 CNRS-Université Savoie Mont Blanc 2) ISEM
5554 UMR CNRS-Université Montpellier Il 3) CReAAH
UMR 6566 CNRS-Université Rennes 1 4) Cornell
University * Erwan Messager, erwan.messager@univ-
smb.fr

The nature and timing of environmental changes
throughout the last glacial-interglacial transition in the
South Caucasus, and more widely in Eastern Europe, are
still not fully-understood. According to certain pollen
records, forest expansion occurred in many areas, several
millennia after what is considered world-wide as the
onset of the Holocene. This delayed forest expansion, as
well as its forcing factors, are still controversial. To
highlight this debate, we compare five pollen records
from the Southern Caucasus: the palaeolake of Nariani
and the Lake Paravani, located in Georgia, and the
Zarishat, Vanevan and Shenkani wetlands, located in
Armenia. Since these sequences have not been collected
in similar environments, the pollen records deliver
different vegetation histories. However, all dynamics
present a major change occurring between 9000 and
7700 cal. BP and corresponding to the end of an arid and
steppic phase. The following phase is marked by the
expansion of forest or hygrophilous vegetation. The
origin of the delayed expansion of forests is discussed in
the light of palaeoecological information provided by
these five sequences and other regional records. While
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some palaeoclimatic regional reconstructions show a wet
early Holocene (earlier than 8500 cal. BP), we interpret
the delay in forest expansion as the result of reduced
spring precipitation which would have limited forest
development at that time. The connection of the Black
Sea with the Mediterranean could have played a major
role in the nature, quantity and rhythm of rainfall, but it
is still challenging to draw the precipitation pattern and
its influence on the forest expansion at that time.

ID: 02267, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Oral)

Hydroclimate in the Mexican Monsoon region:
understanding the nature and impacts of climatic
variability using different archives

Sarah Metcalfe!, David Stahle®, Georgina Endfield? 1)
University of Nottingham, UK 2) University of Arkansas,
USA 3) University of Liverpool, UK

* Sarah Metcalfe, sarah.metcalfe@nottingham.ac.uk

Monsoon regions are key foci for studies of hydroclimatic
variability, both in the past and looking forward into the
future. In many of these areas, instrumental climate
records are short, so the information in different
archives, such as lake and cave deposits, tree rings and in
historical documents, are key in understanding the
patterns of change over longer timescales and exploring
the possible mechanisms behind them. They are also
crucial in understanding the impacts of climate variability,
with historical records offering particularly valuable
insights into different responses and resilience to
hydroclimatic extremes in different socio-economic
contexts. Here we draw on climate records from tree
rings and lake sediments (analysed using a range of
methods) from across the Mexican Monsoon region to
reconstruct key changes over the last 2000 years. These
natural archives vary in their sensitivity and resolution
and direct comparison can be problematic, but both
record aspects of changes in hydroclimate (particularly
drought) and can provide valuable inputs into data-model
comparisons to assess the climatologies and climate
forcings that can explain the observed patterns. Records
from historical documents, although lacking the spatial
coverage of some other archives, provide both additional
information about climatic extremes and their direct
impacts on settlements and people. Here we draw on
data from the Mexican Drought Atlas, syntheses of lake
sediment records and information from the extensive
Spanish Colonial archives to reconstruct patterns of
variability across the Mexican Monsoon region and
consider the relative strengths and weaknesses of these
different information sources. These highlight important
seasonal and spatial variability in hydroclimate and the
need to understand local contexts when considering
climate impacts.
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ID: 01863, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

High lake levels - sparse vegetation: palynological
insights into the paleoenvironment of the southern
Levant during MIS 2

Andrea Miebach® , Chunzhu Chenl, Thomas Litt" 1)
Steinmann Institute for Geology, Mineralogy, and
Paleontology, University of Bonn

* Andrea Miebach, a.miebach@uni-bonn.de

While the majority of eastern Mediterranean climate
records agree on cold and arid conditions during the last
Glacial, several southern Levantine studies suggest more
humid conditions compared to today. Major lake level
high stands occurred in the southern Levant and resulted
in the merging of Lake Lisan, the precursor of the Dead
Sea, with the Sea of Galilee (Lake Kinneret) during marine
isotope stage (MIS) 2. Despite ongoing discussions about
the climate causing these lake level high stands, little is
known about the Levantine paleovegetation, which is an
important indicator for the paleoclimate.

To investigate the paleovegetation in the southern Levant
during MIS 2, we analyzed pollen assemblages of
sediment cores from the Sea of Galilee and Dead Sea. The
Sea of Galilee core comprises a continuous and well-
dated sediment profile that deposited between ca.
28,000 and 22,500 years before present, when the lake
rose above the modern lake level. The Dead Sea core was
drilled at the central part of the lake and covers the
whole MIS 2.

The pollen records suggest that steppe vegetation with
grasses, other herbs, and dwarf shrubs predominated in
the southern Levant during MIS 2. In contrast to the
Holocene, there was no belt of continuous and dense
Mediterranean vegetation surrounding the Sea of Galilee.
Mediterranean elements such as deciduous oaks only
occurred in limited amounts and were probably patchily
distributed in the whole study area. The precipitation
gradient was not as strong as today, and semiarid
conditions prevailed.

These results apparently contradict other regional
hydroclimate proxies that call for wetter conditions and
disprove previous pollen-based hypotheses that assumed
the spread of Mediterranean forest in the southern
Levant during glacial periods. Thus, our study provides
new insights into the complex connection between
climate and vegetation variability in the southeastern
Mediterranean.

ID: 01792, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)
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Simulating the last glacial-interglacial transition with a
coupled atmosphere-ocean-ice sheet model

Uwe Mikolajewicz1 , Florian Ziemenl, Marie Kapsch1 ,
Virna Meccia® 1) Max-Planck-Institut f. Meteorologie

* Uwe Mikolajewicz, uwe.mikolajewicz@mpimet.mpg.de
One of the major challenges in climate modeling is the
simulation of glacial-interglacial transitions. A few models
of intermediate complexity have been successful in
simulating the last termination. Here we presents results
from our first successful attempt to simulate a substantial
part of the last glacial cycle with an AOGCM coupled
interactively with a state-of-the-art ice sheet model.The
ECHAMS5/MPIOM AOGCM is interactively coupled to the
dynamical ice sheet model PISM and the dynamical
vegetation model LPJ. This model is integrated from the
late Glacial into the Holocene using insolation and
greenhouse gas concentrations as transient forcing. The
land sea mask remains fixed at the LGM state. River
routing and surface elevation for the atmospheric model
component are calculated interactively. In a mini-
ensembleT a periodical-synchronous coupling technique
is applied. One simulation is run fully synchronously
without acceleration in the atmosphere.The northern
hemispheric deglaciation starts between 18 and 17 kyr
BP, consistent with the onset of global warming. The
model produces Heinrich event like variability. These
rapid ice discharge events have a strong impact on the
NAMOC, especially during the deglaciation..During the
deglaciation the interactive river routing has a strong
impact on the simulated NAMOC. The retreat of the
Laurentide Ice Sheet together with the depressed
topography due to the former ice load leads to a
redirection of the surface runoff from the melting
southwestern Laurentide from the Gulf of Mexico to the
Arctic. The consequence is a rapid reduction/suppression
of the formation of NADW. When the Laurentide Ice
Sheet retreats from the Hudson Strait,the fresh water is
released into the Labrador Sea. The NADW formation
recovers within a few decades. These results show the
potential importance of interactive river routing for rapid
changes in NAMOC strength during the deglaciation.

ID: 02070, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

Identifying the onset and impact of the anthropocene
on tropical lake systems

Keely Millsl, John Andersonz, David Ryvesz, Immaculate
Ssemmanda®, Atun Zawadzki’ 1) British Geological
Survey, Keyworth, UK 2) Department of Geography,
Loughborough University, UK 3) Department of Geology
and Petroleum Studies, Makerere University, Uganda 4)
Australian Nuclear Science and Technology Organisation,
New South Wales, Australia * Keely Mills, kmil@bgs.ac.uk
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The ability to recognise environmentally transformative
anthropogenic impacts on ecosystems, distinct from
natural variability is a key challenge in understanding the
onset and nature of the “anthropocene”, especially as
human-driven impacts on the environment are time-
transgressive and regionally and environmentally-
specific.Whilst there is clear evidence for major
contemporary human impacts on the landscape of
western Uganda, with large-scale clearance of land for
subsistence agriculture and plantations, debate
surrounds the timing of the onset of this impact.
Evidence from pollen records dates human disturbance
to around 2000 years ago, though this is unlikely to be
the large-scale clearance observed today.Western
Uganda has >80 crater lakes within four distinct districts;
these systems are influenced by the same climate,
underlain by similar geology, but their catchments differ
in terms of their modern vegetation (from forested
“natural” catchments located within National Parks, to
those cleared for market garden agriculture). To assess
and identify the onset and impact of human activity, we
examined sediment records from multiple lakes located
across this anthropogenic gradient.Diatom records from
these lakes do not suggest long-term evidence of
catchment disturbance, rather, diatom communities
appear to respond (indirectly) to climate over much of
the last millennium. A distinct switch in diatom
assemblage composition and an increase in carbon flux is
observed in the last 50-80 years, implying that early
catchment/vegetation impact was not significant enough
to alter the water quality and/or chemistry of the lakes.A
major change in all lake systems occurred by 1970,
suggesting a “threshold” was crossed that had previously
buffered lakes against the impacts of human activity. The
results provide insight into the past and future resilience
of these lake ecosystems in the face of increasing
anthropogenic pressures and future changes in
temperature and hydrological variability.

ID: 01333, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Triple oxygen isotopes in carbonate sediments: Insights
on East African water balance since 500 ka

Jessica Moermanl, Naomi Levinl, Richard Pottsz, Anna
K. Behrensmeyera, Alan Deino4, Benjamin Passeyl,
Nicole Deluca’, Sophie Lehmann® 1) Department of
Earth and Environmental Sciences, University of Michigan
2) Human Origins Program, National Museum of Natural

History, Smithsonian Institution 3) Department of
Paleobiology, National Museum of Natural History,
Smithsonian Institution 4) Berkeley Geochronology

Center 5) Department of Earth and Planetary Sciences,
Johns Hopkins University 6) Department of Geology and
Environmental Science, University of Pittsburgh
* Jessica Moerman, moermanj@umich.edu
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Carbonate oxygen isotopes (6"°0) are among the most
powerful tools for reconstructing  terrestrial
hydroclimate, but the complex set of processes
influencing carbonate 5'°0 adds uncertainty to past
climate interpretations. Kinetic fractionation Vvia
evaporative forcing has been particularly difficult to
constrain. Triple oxygen isotopes have recently emerged
as sensitive recorders of evaporation, specifically via the
secondary parameter Y0-excess’ (e.g. Landais et al.,
2010), and analytical advances allow for its precise
measurement in carbonates (Passey et al., 2014). When
measured in tandem with clumped isotope thermometry
[T(As7)] and traditional stable isotopes, carbonate Yo-
excess can reveal the extent of evaporative forcing and
be used to estimate the isotopic composition of
unevaporated source waters.

Here we apply this novel proxy approach to reconstruct
local water availability and regional hydroclimate over
the past 500,000 years from sediment cores recently
recovered by the Olorgesailie Drilling Project from the
southern Kenya Rift Valley, where local variations in
water balance likely influenced human evolution and
migration in eastern Africa. Carbonate 6°0 values
average -0.4 + 19% (n=141), while T(A4) and
reconstructed parent water 5'%0 values range from 14-
32°C and -1 to 5%o, respectively (both n=28). The range of
170-excess values is approximately 150 per meg (n = 29),
exceeding that reported for freshwater sources today (<
80 per meg; Luz and Barkan, 2010; Li et al., 2015). We
observe a strong negative correlation between 170-
excess and 820 values, consistent with evaporative
enrichment of heavy isotopes in water. Together, these
results suggest evaporation within the basin is an
important control on the Olorgesailie carbonate 80
record. With this study, we distinguish local from regional
controls on hydroclimate variability in eastern Africa
since 500 ka and demonstrate the crucial insight triple
oxygen isotopes provide to carbonate 8'°0 records,
particularly when evaporation is expected to play a
significant role on water balance.

ID: 01397, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Boreal forests fires: climate / vegetation / human
interactions during the Holocene

Chiara Molinaril, Veiko Lehstenl, Olivier Blarquez 2,
Jennifer Clear 3, Christopher Carcaillet4, Richard H.W.
Bradshaw 51) Department of Physical Geography and
Ecosystem Science, Lund University, Sweden 2)
Département de Géographie, Université de Montréal,
Montréal, Quebec, Canada 3) Department of Geography
and Environmental Science, Liverpool Hope University,
Liverpool, UK 4) College of Life and Earth Sciences, Ecole
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Pratique des Hautes Etudes, Lyon, France 5) School of
Environmental Sciences, University of Liverpool,
Liverpool, UK
* Chiara Molinari, chiara.molinari@nateko.lu.se

As a critical ecosystem process in circumboreal forests,
fire’s frequency, size and severity affect vegetation
patterns and dynamics. Fire also regulates the exchange
of water and energy between the land surface and the
atmosphere, and affects the carbon and nitrogen
balance.

Due to their location at climatically sensitive high
northern latitudes, boreal forests are likely to be
significantly affected by global warming, with a
consequent change in biomass burning, vegetation
structure or composition, and a loss of terrestrial carbon
linked to a rise in atmospheric CO, concentration.

Palaeoecological reconstructions are one of the most
promising strategies for clarifying main patterns and
controls of ecosystem changes over a broad range of
environmental conditions and temporal scales.

Within this context, we present a new regional-scale
reconstruction of boreal forests fire activity covering the
Holocene based on sedimentary charcoal records. From
this reconstruction, we disentangled between climate
and anthropogenic drivers by means of a statistical
approach, and we assessed the role played by changes in
main forest composition on long-term fire dynamics.
While the general patterns found in north American, and
northern and southern Fennoscandian suggest the
primary role of precipitation in explaining changes in
biomass burning during the Holocene, in central
Fennoscandia fire dynamics seem to be human-induced.
When species-level traits are considered, biomass
burning is related to the proportion of evergreen conifers
in central Canada and in northern and southern
Fennoscandia. Fire dynamics are primarily shaped by
changes in boreal summer green species in Alaska and
Quebec, while the proportion of cool temperate summer
green trees contributes to main changes in fire in central
Fennoscandia.

Addressing these questions is considerably challenging
due to the complex interactions between climate,
humans and vegetation in the past, the present and the
future. Our results will help to better understand the

processes producing the observed variability in
palaeorecords in order to test ecosystem models
simulations.

ID: 01998, 18.- Human Impact on Global Aquatic Systems,
(Oral)

Impact of eutrophication and climate change on
cyanobacterial diversity across European pre-alpine
lakes over 150 years
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Marie-Eve Monchampl, Piet Spaakl, Isabelle
Domaizonz, Nathalie Duboisl, Francesco Pomati 1)
Eawag, Swiss Federal Institute of Aquatic Science and
Technology 2) CARRTEL, INRA, Université de Savoie Mont
Blanc * Marie-eve Monchamp, marie-
eve.monchamp@eawag.ch

Human activities have impacted terrestrial and aquatic
ecosystems over the last few centuries. Climate change
and eutrophication have had profound effects on lakes,
which stimulated phytoplankton growth and increased
the frequency and strength of harmful cyanobacterial
blooms. The mitigation of phosphorus loading has
contributed to the return of some lakes to a lower
trophic state. However, cyanobacteria often continue to
dominate the phytoplankton community, impairing
ecosystem functioning and water quality. Due to the
scarcity of long-term lake data (both biotic and abiotic),
the state of past ecosystems and the phytoplankton
response to warming and rapid changes in local
conditions remain poorly understood. With the aim of
bridging this gap, we investigated the dynamics of
cyanobacterial communities across 10 European pre-
alpine lakes over the last 150 years using sedimentary
records. More specifically, we used high throughput
amplicon sequencing to explore temporal changes in the
regional distribution and the phylogenetic diversity of
cyanobacteria. Our results show that the compositional
similarity increased across lake communities over recent
decades, generalising possible problems related to the
presence of bloom-forming and harmful cyanobacteria.
This study highlights the potential of high-resolved
phylogenetic data from sedimentary records for
investigating planktonic community dynamics and for
disentangling the roles of local and global environmental
change in shaping plankton communities.

ID: 01545, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

DEEP-WATER CORAL GEOCHEMISTRY REVEALS LARGE
CHANGES IN VENTILATION OF THE MEDITERRANEAN
INTERMEDIATE WATERS DURING THE HOLOCENE

Paolo Montagnal, Nadine Tisnerat-Labordez, Eric
Douvillez, Edwige Pons-Brancth, Christophe Colin3,
Giuseppe Siani’, Quentin Dubois-Dauphina, Marco
Taviani' 1) Institute of Marine Sciences (ISMAR), Bologna,
Italy 2) Laboratoire des Sciences du Climat et de
I’Environnement, LSCE/IPSL, CEA-CNRS-UVSQ, Université
Paris-Saclay, Gif-sur-Yvette, France 3) 3 Laboratoire
GEOsciences Paris-Sud (GEOPS), Université Paris-Saclay,
Orsay Cedex, France

* Paolo Montagna, paolo.montagna@bo.ismar.cnr.it

Relatively little is known about the dynamics of the
Mediterranean Intermediate Waters in the past,
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especially for the Levantine Intermediate Water (LIW),
which represents up to 80% of the Mediterranean
Outflow Water (MOW) to the North Atlantic and strongly
contributes to the formation of the Mediterranean Deep
Waters. Therefore, the investigation of the physico-
chemical parameters, such as temperature and pH as well
as the dynamics of the LIW beyond the instrumental
period is crucial to understand the natural variability of
the Mediterranean circulation and ultimately the impact
of the MOW on the stability of the Atlantic Meridional
Overturning circulation.

The geochemistry of the aragonite skeleton of the
Mediterranean deep-water corals can provide a unique
opportunity to study the evolution of the LIW in the past
and its link to global climate change. Several fragments of
fossil corals collected in the Central Mediterranean Sea
were analysed for Li/Mg, 'C, U/Th, boron and
neodymium isotopes. The record spans the last 12 kyr
and encompasses the transition into the sapropel S1
event. Overall, coupled radiocarbon and U/Th
measurements reveal well ventilated conditions of the
LIW except at the onset of the sapropel formation. This
suggests a highly reduced intermediate water formation
as a consequence of monsoon-related freshwater inputs
to the eastern Mediterranean Sea at times of increased
NH summer insolation and more stable stratification.
Closer inspection of the S1 event reveals a recovery of
the LIW ventilation at 8.7 ka, coincident with eNd values
typical of the western Mediterranean basin. This
surprising result seems to point to a collapse of the LIW
formation and the presence of a well-ventilated and less
radiogenic western Mediterranean intermediate water
(WIW) in the Sardinian Channel during the mid-sapropel
event

ID: 01999, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

Unravelling western Mediterranean vegetation and
climate during a past interglacial with reduced Arctic sea
ice cover (MIS 15)

César Morales del Molinol, Teresa Rodriguesz,
Stéphanie Desprat’, Gloria M. Martin-Garcia®, Francisco
J. Sierro4, David A. HodeIIS, Maria Fernanda Sanchez
Gofi® 1) Université de Bordeaux, France 2) Instituto
Portugués do Mar e da Atmosfera, Portugal 3) EPHE PSL
Research University, France 4) Universidad de Salamanca,
Spain 5) University of Cambridge, United Kingdom

* César Morales Del
molino@u-bordeaux.fr

Molino, cesar.morales-del-

We present the results of the pollen analysis conducted
on marine sediment samples from the IODP site U1385
(“Shackleton site”, SW Iberian margin off Portugal) for
the MIS 15. This is the first vegetation reconstruction for
this interglacial in the western Mediterranean. According
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to palaeoclimatic simulations, MIS 15 featured a
minimum in Arctic sea ice cover as it is foreseen for the
next century, and consequently our data will allow us to
get some insights into the likely vegetation development
in this future scenario. We have then compared our
pollen-based vegetation record with the available data
from marine palaeoclimatic proxies for the same I0DP
site, quantifying the leads and lags between the changes
occurred in the atmospherically-driven vegetation shifts
on the one hand, and sea surface temperatures, ocean
ventilation and ice volume on the other hand. Finally, this
record provides a unique opportunity to empirically test
the performance of vegetation simulations which predict
a high development of Mediterranean vegetation for this
period associated to particularly high summer insolation
and enhanced seasonality, despite low levels of CO,.

ID: 01877, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

The interplay of climate change and human activity in
the central Mediterranean region during the last
millennia: the varved, multiproxy record of Lake Butrint
(Albania)

Mario Morellonl, Juana Vegasz, Flavio S. Anselmettia,
Gaia Sinopoli*, Marta Marchegiano®, Angel Garcia-
Arnays, Laura Sadori4, Yolanda Sa’nchez-Moya7, Bernd
Wagnerg, Brunhilda Brushullig, Arben Pambukug, Daniel
Ariztegui5

1) CITIMAC, Facultad de Ciencias, Universidad de
Cantabria. Avenida de los Castros s/n 39005 Santander
(Cantabria), Spain. 2) Instituto Geolégico y Minero de
Espafia (IGME), Calle de Rios Rosas, 23. 28003 Madrid,
Spain 3) Institute of Geological Sciences and Oeschger
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Baltzerstrasse 1. CH-3012 Bern, Switzerland 4)
Dipartimento di Scienze della Terra. Sapienza University
of Rome, Italy 5) Department of Earth Sciences.
University of Geneva. Rue des Maraichers 13. CH-1205
Geneva, Switzerland. 6) Departamento de Procesos
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Ecologia (IPE) — CSIC. Avenida Montafiana 1005. 50059
Zaragoza (Spain) 7) Departamento de Estratigrafia,
Facultad de Ciencias  Geoldgicas, Universidad
Complutense de Madrid. Calle José Antonio Novais, 2.
28040 Madrid, Spain 8) Department of Geology and
Mineralogy, University of Cologne, Cologne, Germany 9)
Albanian Geological Survey. Rruga e Kavajes, Nr. 153.
Tirana, Albania

* Mario Morellon, mario.morellon@unican.es

Butrint is a 21 m deep lagoon located at the lonian Sea
coast of Albania. Permanent water stratification led to
the deposition of varved sediments during the last
millennia. Variations in the thickness and/or presence of
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seasonal laminae (endogenic calcite, organic matter, and
clay) indicate fluctuations in  water salinity,
bioproductivity, and runoff, resulting from the interplay
of climate and anthropogenic forcing. The multi-proxy
analysis (sedimentology, geochemistry, pollen and
ostracods) of a 12 m long sediment core, supported by an
age model through varve counting, radiocarbon and Bcs
dating, enables a precise reconstruction of environmental
change in the central Mediterranean region during the
last 4.5 «cal kyrs BP. Additionally, the nearby
archaeological site of Buthrotum, continuously populated
from Greek times until the late 18" century AD, provides
an exceptional record of human impact. Increasing
siltation after the foundation of the city and subsequent
farming and urbanization of the catchment led to the
progressive isolation of the Butrint basin from an open
bay to a restricted lagoon. Maximum clastic input at 500
AD likely coincides with the most intense farming during
the Late Antiquity. Intervals of maximum water salinity
and bioproductivity coincide with warmer conditions,
such as the early Roman Warm Period (500 BC-0 AD) or
the Medieval Climate Anomaly (800-1400 AD).
Conversely, lower salinity, more oxic conditions, and
higher runoff occurred during 1400-500 BC, Late Roman
and Early Medieval times (0-800 AD), and during the
Little Ice Age (1400-1800 AD). Ongoing research on
microfacies and stable isotopes (60 and &°C in
authigenic calcite) allows a more precise reconstruction
of the main hydrological changes in the lagoon during the
last millennium. The sedimentary record of Lake Butrint
demonstrates the complex interplay of climate variability
and human impact in the recent evolution of coastal
Mediterranean regions.

ID: 01712, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Hemispherically asymmetric trade wind changes as
signatures of past ITCZ shifts

Eduardo Moreno—Chamarrol, David McGeel, Brian
Greenl, John Marshallll) Department of Earth,
Atmospheric, and Planetary Sciences, Massachusetts
Institute of Technology, Cambridge, Massachusetts
02139, USA

* Eduardo Moreno Chamarro, chamarro@mit.edu

Reconstructions of the response of the Intertropical
Convergence Zone (ITCZ) and Hadley circulation to past
climate changes are essential to building understanding
of atmospheric and oceanic circulation changes and
energy transports. Observations of the seasonal cycle,
climate model simulations and fundamental angular
momentum constraints demonstrate that shifts of the
ITCZ and associated tropical rain belt are accompanied by
a strengthening of the Hadley cell and trade winds in the
colder hemisphere, with an opposite response in the
warmer hemisphere. Here we demonstrate that this
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pattern of hemispherically asymmetric trade wind
changes is found in proxy data during Heinrich events.
The signatures presented are consistent with trade winds
strengthening in the North Atlantic and weakening
throughout the Southern Hemisphere subtropics, and are
in accord with climate model simulations. We further
explore records of trade wind changes during the Last
Glacial Maximum (LGM) and mid-Holocene. We find
evidence of Hadley cell intensification at the LGM relative
to today, but little indication of a shift in the ITCZ. Mid-
Holocene trade wind reductions in the subtropical North
Atlantic indicated by proxy data are more extensive than
those simulated by models, suggesting that mid-
Holocene simulations underestimate circulation changes
associated with the Green Sahara. Our compilation of
trade wind records also provides insight into past
changes in subtropical gyre circulations, and offers an
important complement to precipitation proxies that are
more commonly used to reconstruct ITCZ changes.
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Spiniferites cruciformis flora indicate a salinity <8 psu.
Lingulodinium machaerophorum appears around 7 ka BP,
marking increased salinity after an earlier rise of
microforaminifera. Dinocyst diversity increases 3,759 yr
BP when polykrikoids appear together with heterotrophic
protoperidinioids, suggesting the start of eutrophication.

ID: 01513, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Palynology and paleoecological interpretation of Core
38, Palaeo-Dneister valley, Northwestern Black Sea:
initial results of pollen, dinocyst and NPP studies

Inna Mudrykl, Petra J. Mudie’ 1) Odessa I.I. Mechnikov

National University, 2 Dvoryanskaya Str., Odessa,
Ukraine, 65082 2) Dalhousie University, Department of
Graduate Studies, Halifax, Nova Scotia, B3J 4H2

* Inna Mudryk, inowl@ro.ru

Marine palynology is a primary tool for correlating land-
sea climate interactions and interpreting
paleohydrological and anthropogenic changes recorded
in Holocene Black Sea sediments. We present the first
study of pollen, dinoflagellate cysts and other non-pollen
palynomorphs in a Core 38 from the outer Paleo-Dniester
Valley ca. 44.66° N, 17.31°E, at 107 m depth on the
tectonically stable Ukrainian Shelf, beneath the Rim
Current. An age-depth curve was derived by correlation
with uncalibrated ™C shell and wood AMS ages of
regional cores, and one new shell age. The record
extends from the Early Holocene (ca. 8.17 ka BP) to
present, as marked by Ambrosia pollen, a recent
introduction to the Ukraine. Pollen concentration is high
(14,724 -43,799 grain/g) and is dominated by Pinus but
totals increase after 4,551 yr BP (22-24 cm) when Juglans,
Pistacia, Vitis and Cereal pollen records begin, probably
reflecting land cultivation in the northern coastal plain.
Increases of Filicales, Polypodiaceae and Sphagnum
spores mark the interval <7.9 ka BP, reflecting proximity
to the Paleo-Dniester Delta. Dinoflagellate cyst
concentrations (126-5,430 cysts/g) are lower than pollen,
especially in the deltaic interval where microforaminiferal
linings are absent and presence of Caspidinium-
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ID: 02365, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Oral)

Subfossils and ancient DNA shed light on the evolution
of East African cichlid fishes

Moritz Muschick' 1) Aquatic Ecology & Evolution,
Institute of Ecology and Evolution, University of Bern,
Switzerland 2) Department of Fish Ecology & Evolution,
EAWAG - Swiss Federal Institute for Aquatic Science and
Technology

* Moritz Muschick, moritz.muschick@eawag.ch

In the Great Lakes of East Africa, cichlid fishes have
diversified tremendously and are a well-known study
system in evolutionary biology. The phylogenetic
relationship of many extant lineages is known and can be
used to infer rates of trait evolution or speciation.
However, the environmental conditions throughout the
diversification of these fishes, the colonization history of
the lakes, or past extinction events are rarely considered
in such analyses. This information is crucial for the
inference and interpretation of evolutionary processes
and can be gathered from sediment records through
phenotypic identification and extraction and sequencing
of ancient DNA from fish subfossils. Here, | will present
findings from lakes Kivu, Challa and Victoria. Lake Victoria
desiccated ~18-15 kya and subsequently refilled.
Subfossils from the period immediately after the refilling
reveal if the extreme diversification of the Lake Victoria
cichlid superflock was promoted by a lack of competition
from other fish groups. While closely related cichlid
species can sometimes be discerned by the morphology
of single bones or teeth, this is difficult for most species
and types of bones. Ancient DNA can be used to
determine the species identity of subfossils in Lake Challa
and this information then be used to corroborate or
reject scarce historical records. Lake Kivu has been
subject to major environmental disturbance, for example
by volcanic activity, possibly explaining why its
ichthyofauna is comparatively depauperate. Ancient DNA
sequencing can be used to determine if fish subfossils
belong to genetic lineages that went extinct during such
events. The cases presented here highlight the potential
and challenges ancient DNA approaches hold for the
study of fish biodiversity and evolution in tropical lakes.
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atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Oral)

Deglacial interactions between ocean circulation and
the biological pump in the Nordic Seas: implications for
future atmospheric CO2 variability

Francesco Muschitiellol, William J. D'Andrea’ , Trond M.
Dokkenz, Andreas Schmittner® 1) Lamont Doherty Earth
Observatory, Columbia University 2) Uni Research Bergen
3) College of Earth, Ocean, and Atmospheric Sciences,
Oregon State University

* Francesco Muschitiello, fmuschit@ldeo.columbia.edu

Understanding the impact of ocean circulation on the

global atmospheric CO, budget is of paramount
importance for anticipating the consequences of
projected future changes in Atlantic Meridional
Overturning Circulation (AMOC). In particular, the

efficiency of the oceanic biological pump can impact
atmospheric CO, through changes in vertical carbon
export mediated by variations in the nutrient inventory of
the North Atlantic basin. However, the causal relationship
between North Atlantic Ocean circulation, biological
carbon sequestration, and atmospheric CO, is poorly
understood. Here we present new high-resolution
planktic-benthic "¢ data and biomarker records from an
exceptionally well-dated marine core from the Nordic
Seas spanning the last deglaciation (~15,000-10,000 years
BP). The records document for the first time large and
rapid atmospheric CO, drawdowns and increase in
plankton stocks during major North Atlantic cooling
events. Using transient climate simulations from a fully
coupled climate-biosphere model, we show that minor
perturbations of the North Atlantic biological pump
resulting from surface freshening and AMOC weakening
can have a major impact on the global atmospheric CO,
budget. Furthermore, our data help clarifying the timing
and magnitude of the deglacial CO, signal recorded in
Antarctic ice cores. We conclude that the global CO,
budget is more sensitive to perturbations in North
Atlantic circulation than previously thought, which has
significance in the future debate of the AMOC response
to anthropogenic warming.
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Our understanding of the climatic response to volcanic
forcing is limited as large uncertainties affect both the
observational records, due to the limited number of
observed events, and the non-robust dynamical
responses simulated by different climate models. The
lack of agreement between model results is crucially
determined by differences in the model’s characteristics
such as resolution, complexity and implementation
strategy of the forcing, and uncertainty in the eruption
details including magnitude, latitude and season, input
data and background climate. The multiple and varied
nature of these factors prevents their contribution to
uncertainty from being distinguished within existing
transient simulations or non-coordinated multi-model
experiments. It is therefore necessary to frame the future
modeling activities within common designs that
separately focus on specific aspects i.e. uncertainties in
the reconstruction of radiative volcanic or associated
feedback mechanisms activated in the coupled ocean-
atmosphere system for one specific volcanic forcing.

The Model Intercomparison Project on the climatic
response to Volcanic forcing (VolMIP) presented here
focuses on the response of the coupled ocean-
atmosphere system to strong volcanic forcing. VolMIP is a
CMIP6 endorsed project, which defines a common
protocol to subject Earth system models and coupled
general circulation models to the same volcanic forcing
and under a similar range of background climate
conditions. By doing so, VolMIP aims at assessing to what
extent simulated responses are robust across models and
at identifying the causes that limit robust behavior,
especially as far as different treatment of physical
processes is concerned.

We will present an overview about VoLMIP and its recent
activities. It will also be illustrated how VoLMIP is linked
to CMIP6 and to other coordinated modeling
assessments and how it will improve our understanding
of past, current and future climates.

ID: 02113, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

The Model Intercomparison Project on the climatic
response to volcanic forcing (VolMIP)

Khodri Myriam1 , Zanchettin Davide 2, Timmreck Claudia
*1) IRD/IPSL/Laboratoire d’Océanographie et du Climat,
France 2) University of Venice, Italy 3) Max-Planck-
Institute  for  Meteorology, Hamburg, Germany
* Myriam Khodri, mkhodri@gmail.com
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ID: 01386, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Reconstructing vegetation changes and climate from
pollen from Late Pliocene to Early Pleistocene in the
North Caucasus

Olga Naidinal, Keit Richards’ 1) Geological Instituite,
Russian Academy of Sciences 2) KrA Stratigraphic Ltd.,
116 Albert Drive, Deganwy, Conwy, LL31 9YY, United
Kingdom 3) Institute for Biodiversity and Ecosystem
Dynamics (IBED), University of Amsterdam, 1090 GE,
Amsterdam, The Netherlands

* Olga Naidina, onaidina@gmail.com

Pollen and spores have been analysed in deposits of the
Akchagylian-Apsheronian, providing a picture of past
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vegetation and climate change for the late Pliocene to
early Pleistocene. On the basis of pollen assemblages in
sediment cores and outcrops from the North Caucasus,
climatic fluctuations, and related changes in vegetation
can be recognized for the time from 3.6 to 0.8 Ma. The
lower Akchagylian is characterized at first by an open
landscape dominated by steppe vegetation. In the middle
of the lower Akchagylian, the transgression of the palaeo-
Caspian spread, and the treeless landscapes of the
earliest Akchagylian were replaced by forests with
thermophilic relicts. During the middle-upper Akchagylian
and Apsheronian periods, the vegetation cover of the
North Caucasus gradually changed: forests were replaced
with steppe and semi-desert vegetation in response to
episodes of aridification, and changes were evident in the
structure of the arboreal flora. The first significant
climatic cooling occurred at around 3.6-3.4 Ma at the
beginning of the Akchagylian, and corresponds with an
important change in the main floral elements and was
synchronous with the Gilbert/Gauss palaeomagnetic
inversion. A more significant cooling at 2.6-2.3 Ma
corresponds with the beginning of the upper Akchagylian
and the Gauss/Matuyama palaeomagnetic inversion at
the end of the Pliocene. The vegetation of the North
Caucasus shows changes consistent with climatic
warming at around 3.2 Ma which coincides with a period
of warming in the Mediterranean and probable
represents the «Mid Pliocene Warm Period». This is the
first evidence for this event yet found in the Caspian
region.

Zaragoza, Spain, 9-13 May 2017
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validation against observational data by various statistical
methods (Empirical Orthogonal Functions, Taylor
diagrams, linear regressions and Spearman rank
correlation). Results reveal the strongest simulated signal
in winter (DJF) with high explained variances for 1°
CESM1.2.2 NAO (39%) and EA (15.7%), similar to
observational data. The model is unable to reproduce the
SCA pattern in the third EOF, which is found in the
observations. The modelled NAO has a strong influence
on winter temperature and rainfall over the Caspian
catchment area. A strong winter NCP induces above-
average 2-meter temperatures over north Caspian region
and lower-than-normal precipitation over the eastern
Caspian sea. Our study suggests that the 1° version of
CESM1.2.2 (with CAMS5 atmosphere physics) shows
adequate performance with respect to teleconnection
maps during the historical period. Lastly, 1° model
climate projections (2005-2100 CE) are performed with
different Representative Concentration Pathways (RCP
4.5 and RCP 8.5) to examine potential changes in the
teleconnection patterns and their influence on the
Caspian region

ID: 01931, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Past and future impact of North Atlantic teleconnection
patterns on the hydroclimate of the Caspian catchment
area in CESM1.2.2 and observations

Sri Nandini® 1) MARUM Center for Marine
Environmental Sciences, University of Bremen, Germany
* Sri Nandini, snandini@marum.de

The Caspian Sea level has undergone dramatic variations
of more than 3 m during the past century with important
implications for the life of coastal people, economy and
the ecosystem. The origin of these variations as well as
future changes in the Caspian water budget are still a
matter of debate. In this study, we examine the
influence of the major seasonal North Atlantic
teleconnection patterns, the North Atlantic Oscillation
(NAQ), the East Atlantic pattern (EA), the Scandinavian
pattern (SCA), and the North Sea Caspian Pattern (NCP),
on Caspian hydroclimate variability from 1850-2000 CE.
Numerical experiments at different atmospheric grid
resolutions (2° and 1°) are carried out with the coupled
Community Earth System Model (CESM1.2.2). We test
model skills under different resolutions through
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ID: 01947, 07.- Historical Climate Reconstruction and
Impacts of the Common Era, (Oral)

Documentary-based reconstruction of rainfall variability
over Malawi during the late nineteenth century

David Nashl, Kathleen Pribyll, Georgina Endfieldz,
Jgrgen Klein®, George Adamson®1) University of
Brighton, UK 2) University of Liverpool, UK 3) Hedmark
University College, Norway 4) King's College London, UK
* David Nash, d.j.nash@brighton.ac.uk

Malawi straddles an important climatic hinge-line with
regards to the influence of the El Nifo-Southern
Oscillation (ENSO) upon precipitation. During El Nifo
years, northern parts of the country often receive above
average rainfall, in line with adjacent areas of eastern
equatorial Africa. Southern parts of the country, in
contrast, may experience below average rainfall, similar
to areas of south-eastern Africa. The opposite pattern
occurs in La Nifa years. The rainfall response, and the
precise areas affected, varies with each El Nifio or La Nifia
event. These patterns are well known from twentieth
century rainfall data, but the stability of the ENSO-rainfall
relationship prior to the instrumental period is poorly
understood. In this study, we utilise a range of
documentary sources — including letters, diaries, reports,
newspapers and monographs — to reconstruct a timeline
of rainfall variability during the late nineteenth century
for the area occupied by present-day Malawi. Some of
the earliest narrative accounts of rainfall conditions
originate from members of David Livingstone’s Zambezi
Expedition, including Livingstone himself, which travelled
along the Shire River and explored Lake Malawi between
1858 and 1864. However, greater numbers of
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meteorological observations, including early instrumental
rainfall, temperature and pressure data, are available
from 1875 onwards, following the establishment of the
first Free Church of Scotland mission towards the
southern end of Lake Malawi at Cape Maclear. Using
information from these sources, we highlight major drier
and wetter periods, examine their geographic extent, and
explore the influence of historic EI Nifio and La Nifia
events upon rainfall distribution.

Zaragoza, Spain, 9-13 May 2017

ID: 02216, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Coupled ocean and atmospheric changes during the
Younger Dryas in Central Western Iberia

Filipa Naughtonl, Susana Costasz, Sandra Gomesl,
Teresa Rodriguesl, Maria Fernanda Sanchez Goni?’,
Stephanie Despratg, Christopher Bronk Ramsey4, Hans
Renssens, Ricardo Trigoe, Emilia Salgueirol, Antje
Voelkerl, Fatima Abrantes’ 1) Portuguese Sea and
Atmosphere Institute (IPMA) and Center of Marine
Sciences (CCMAR), Algarve University 2) CIMA, Algarve
University 3) Ecole Pratique des Hautes Etudes,
Environnements et Paléoenvironnements Océaniques
(UMR CNRS 5805 EPOC), Université Bordeaux 1 4) Oxford
Radiocarbon Accelerator Unit (ORAU), University of
Oxford 5) Vrije Universiteit Amsterdam, Earth Sciences,
Amsterdam 6) Instituto Dom Luiz, Universidade de Lisboa
* Filipa Naughton, filipa.naughton@gmail.com

Although the Younger Dryas (YD) has been considered for
long time as a dry period on the lberian Peninsula,
increasing evidences suggest that moisture availability
was a pervasive feature in some areas during this period.
In particular, glacial advances in Central and North lberia,
relatively high grow rate of stalagmites in Northern lberia
and Central Pyrenees, increase of terrestrial input proxies
in the Tagus shelf and inward advances of coastal dunes
in SW lberia suggests increasing winter precipitation
during the YD. High resolution records off and in Iberia
also show a complex pattern within the YD event marked
by two or three phases. However, some proxies suggest
that climate was dry while others support relatively moist
or even co-existing dry and wet conditions in each of
these two/three phases. Here we present an extreme
high resolution multiproxy study including pollen,
alkenone based-SST estimates and other independent
proxies reflecting terrestrial input/river discharges from a
shelf record retrieved in the mouth of Tagus River
(central Iberia) and we will discuss about the possible
drivers of such divergent signal within each YD phase.

ID: 01805, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)
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Global mean temperature reconstructions over the
Common Era based on the new PAGES2k proxy
database

Raphael Neukoml, PAGES2k Consortium members’ 1)
Oeschger Centre for Climate Change Research & Institute
of Geography, University of Bern, Switzerland 2) PAGES
International Project Office, Bern, 3012, Switzerland
* Raphael Neukom, neukom@giub.unibe.ch

The PAGES2k Consortium has recently assembled a global
database of temperature proxy records for the Common
Era. This unprecedented collection contains 692 records
with subannual to centennial resolution from eleven
different archive types. Using this database, we apply a
range of climate reconstruction techniques to quantify
global mean near-surface temperature over the past
2000 years. The reconstruction methods used range from
basic compositing over regression-based techniques that
have been widely used in the past (Principal Component
Regression, Regularized Expectation Maximization) to
newer methods, some of which can account for non-
linear relations between proxy values and temperature,
quantify  uncertainties more explicitly, combine
information from proxy data and climate models, or are
otherwise based on a spatially explicit reconstruction
(Optimal Information Extraction, Bayesian Hierarchical
Models, Pairwise Comparison, and offline Data
Assimilation).

We analyze the temperature history and validation
performance of the methods and compare them to
previous reconstructions. The extensive  proxy
temperature database and large range of reconstruction
methods enables sensitivity testing of various
methodological choices, including the influence of
integrating low- (decadal or lower) and high- (annual or
higher) resolution proxies. We also compare
reconstructions based on the full proxy database with
those based on subsets of records, which are culled
based on their correlation with
instrumental temperature.

Preliminary results indicate that the previously identified
global mean cooling trend between CE 1 and 1850 is
robust across methods and proxy selections. Accordingly,
many reconstructions show maximum pre-industrial
global mean temperatures in the first millennium CE,
clearly before the medieval period. While there are
substantial differences in low-frequency variability across
the reconstructions from different methods and record
subsets, many of the individual reconstructions are
significantly correlated at interannual to multi-decadal
time scales.

To help assessing drivers of regional climate, parallel
temperature field reconstruction efforts are ongoing.
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ID: 02259, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Oral)

Controls of 231Pa/230Th in the Atlantic Ocean both
today and in the past

Hong Chin Ngl, Laura Robinsonl, Jerry McManusz, Kais
Mohamed Falcon® , Allison Jacobel? , Gene Henry2 ,
Tianyu Chen’ 1) School of Earth Sciences, University of
Bristol, Bristol, UK 2) Department of Earth and
Environmental Science, Lamont-Doherty Earth
Observatory and Columbia University, Palisades, NY, USA.
3) Department of Marine Geosciences, University of Vigo,
Vigo, Spain. * Hong Chin Ng, hn9381@bristol.ac.uk

Sedimentary *'Pa/**
Atlantic Meridional

Th has been used as a proxy of
Overturning Circulation (AMOC)
strength. However, 231Pa/mTh reflects signals of multiple
controls associated with scavenging and oceanic
transport, as demonstrated from recent GEOTRACES
results. This study examines the proxy’s controls by
analysing 231Pa/zaoTh in paired seawater and core-top
samples organised in 5 depth transects across the low-
latitude North Atlantic open ocean. This study also
assesses a compilation of 29 Atlantic sediment core
231Pa/mTh time-series back to 25ka, including 4 new
records from the low-latitude North Atlantic.

Our seawater results show localised regions of enhanced
>'pa and *°Th scavenging at depths greater than 2.0km.
However, sedimentary core-top results consistently show
sedimentary 231Pa/BOTh lower than the production ratio
below 2.5km, indicating active 2lpy export by North
Atlantic Deep Water. In contrast, at intermediate depths
(0.5-1.5km) 21p3/2%Th ratios higher than the production
ratio (0.093) point towards enhanced **'Pa scavenging
especially in the eastern basin.

In our down-core sediment compilation, we identify 10
deep (>2.5km) cores that appear to be dominantly
influenced by ocean circulation, rather than geochemical
processes associated with scavenging. On a consistent
timescale, records from the West and North-East Atlantic
reveal remarkably coherent millennial-scale 231Pa/mTh
signals which are consistent with weakened AMOC during
the North Atlantic cold stadials. However, the records
reveal contrasting behaviour in the eastern and western
basins at lower latitudes, with indication of persistent
2lpy export over the last 25 ka in the deep eastern
Atlantic.

Findings from this study allow us to couple observations
from the modern and the past in the same locations, and
to provide a coherent in-depth basin-scale view of
2'pa/>%Th and its controls in the present and the past.
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The onset of the temperature decline after the Holocene
Thermal Maximum in the Alps

Kurt Nicolussil, Leuenberger Markusz, Christian
Schlijchters, Georg Weberl, Malin Michelle Ziehmer® 1)
Institute of Geography, University of Innsbruck,
Innsbruck, Austria 2) Climate and Environmental Physics,
Physics Institute, University of Bern, Bern, Switzerland 3)
Institute of Geological Sciences, University of Bern, Bern,
Switzerland * Kurt Nicolussi, kurt.nicolussi@uibk.ac.at

The Holocene temperature evolution in the Alps has been
investigated by analysing several climate archives that
are mainly driven by summer temperatures. E.g., results
from several glaciers indicate repeated, long-lasting
retreats beyond approximately current extents between
ca. 10 and 4 ka. Before 5 ka, advances that interrupted
the general glacier retreat can only be proven for few
glaciers. The megafossils-based Alpine treeline record
indicates a similar pattern with above late-20™ century
treeline positions and with that relatively high summer
temperatures from the early Holocene until about 4 ka.
However, after ca. 6.5 ka the evidence for elevated
treeline positions is limited. Chironomid-based July
temperature reconstructions show slightly different
results: On the one hand the Holocene Thermal
Maximum was reconstructed for the millennium between
ca. 10 and 9 ka followed by still above-today
temperatures until 4 ka, on the other hand a long-lasting
Thermal Maximum between 10 and 4 ka without long-
term trend was suggested. However, model simulations
suggest that the Holocene Thermal Maximum culminated
around 7 ka in central Europe and that it was followed by
a long-term decline that got the low point during the pre-
industrial period.

Here we focus on the first millennium after this modelled
temperature culmination around 7 ka. A glacier advance
phase as well as a treeline decline has already been
shown for this millennium. We use tree-ring data from
temperature-sensitive sites to analyse the temperature
evolution between ca. 7 and 6 ka in detail.

ID: 02133, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)
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ID: 01468, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

Intensified aridity in northern China during the Pliocene
warm periods

Junsheng Niel, Shunchuan Ji* , Daniel O. Breecker’ 1) Key
Laboratory of Western China’s Environmental System
(Ministry of Education), College of Earth and
Environmental Sciences, Lanzhou, China 2) Department
of Geological Sciences, University of Texas at Austin,
Austin, TX, USA * Junsheng Nie, niejunsheng@gmail.com

Dryland areas are predicted to expand significantly due to
global climate change. However, a contrasting theory is
that Earth’s thermal equator will move northward in a
warm climate, resulting in precipitation increase and
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dryland shrinking. The study of past warm periods
analogous to future climate can help resolve this
controversy. The warm early Pliocene and the middle
Piacenzian warm period during ~3.3-3 Ma are the best
pre-Quaternary analogs to late 21% century climate. Here
we present the first pedogenic carbonate oxygen isotope
record spanning the entire Pliocene from the Chinese
Loess Plateau. The record reveals intensified evaporation-
induced aridity during the warm phases of the early
Pliocene and the middle Piacenzian period. These records
provide the first evidence demonstrating that intensified
evaporation in northern China counteracted any
precipitation increase associated with thermal equator
migration during the warm periods. These results suggest
that Asian drylands will expand with future warming.

Zaragoza, Spain, 9-13 May 2017

ID: 01926, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

South American Monsoon System over the last 2000
years recorded in stalagmites from central South
America

Valdir NoveIIol, Francisco Cruzl, Mathias VuiIIez, Hai
Cheng3 , R. Lawrence Edwards®, ivo Karmann' 1) Séo
Paulo University 2) University at Albany 3) Xi’an Jiaotong
University 4) Univerisity of Minnesota
* Valdir Novello, vfnovello@gmail.com

The South American Monsoon System (SAMS) is generally
considered to be highly sensitive to Northern Hemisphere
(NH) temperature variations on multi-centennial
timescales. The direct influence of solar forcing on
moisture convergence in global monsoon systems on the
other hand, while well explored in modeling studies, has
hitherto not been documented in proxy data from the
SAMS region. Hence little is known about the sensitivity
of the SAMS to solar forcing over the past millennium and
how it might compete or constructively interfere with NH
temperature variations that occurred primarily in
response to volcanic forcing. Here we present two new
annually-resolved oxygen isotope records from
stalagmites that cover the last 1500 years, recording past
changes in precipitation in the hitherto unsampled core
regions of the SAMS. These records details how solar
variability consistently modulated the strength of the
SAMS on centennial time scales during the past 1500
years and the regional differences occurred inside of
SAMS domain during the Little Ice Age period. Solar
forcing, besides the previously recognized influence from
NH temperature changes and associated Intertropical
Convergence Zone (ITCZ) shifts, appears as a major driver
affecting SAMS intensity at centennial time scales.
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Archaeology and Paleo-environments of Kakapel Rock
art site, western Kenya

Christine Ogola ', Julius Lejju 2 Emmanuel Ndiema *,
Elizabeth Kyazike } 1) Archaeology Section, National
Museums of Kenya, Nairobi, Kenya 2) Mbarara University
of Science & Technology, Mbarara, Uganda 3) Kyambogo
University, Kampala, Uganda

* Christine Ogola, cogola@gmail.com

Kakapel rock art site is situated at the base of Chelelemuk
Hills, Busia County, in western Kenya. Rock art at the site
has been attributed to pastoralists and hunter-gatherers
due to the unique geometric shaped components, similar
to those recorded at other sites in the wider western
Kenya/eastern Uganda region. Archaeological
investigations so far indicated that this site would be
ideal for interdisciplinary research in rock art and
archaeology to understand the intra-regional cultural and
environmental connections especially with neighboring
eastern Ugandan sites, which have similar rock art
characteristics. The current study aims at determining the
authors, antiquity, cultural and environmental context of
the rock art at Kakapel using material culture evidence
associated with the site and similar sites in the region
(both in western Kenya and eastern Uganda). A large
collection of lithic artefacts, pottery and domestic and
wild faunal species remains was recovered from
excavations at the Kakapel rock art site. Similar, but
smaller rock art sites with little sediment and cultural
material scatters are recorded in the wider region,
indicating that the practice of rock art painting was a
widespread practice in the region mediated by similar
cultural adaptations to similar environments. This paper
discusses the archaeology and paleo-environments of
Kakapel rock art site and assesses the contribution of
Kakapel towards the understanding human adaptations
to environmental change in the western Kenya/eastern
Uganda region during the Later Stone Age and
subsequent periods.

ID: 01599, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)
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Unexpected weak seasonal climate in the western
Mediterranean region in response to MIS 31, a high-
insolation forced interglacial

Dulce Oliveira Oliveiral, Maria Fernanda Sanchez Goﬁil,
Filipa Naughton2 , Josué M. PoIanco-Martinezl, Francisco
J. Jimenez-Espejoa, Joan O. Grimalt4, Belen Martrat4,
Antje H.L. Voelker 2, Ricardo Trigos, David Hodell6,
Fatima Abrantes’, Stéphanie Desprat1 1) EPHE, PSL
Research University, Laboratoire Paléoclimatologie et
Paléoenvironnements Marins; University of Bordeaux,
EPOC, UMR 5805, F-33615 Pessac, France 2) Divisdo de
Geologia e Georecursos Marinhos, Instituto Portugués do
Mar e da Atmosfera (IPMA), Av. de Brasilia 6,1449-006
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Lisboa, Portugal 3) Department of Biogeochemistry,
Japan Agency for Marine-Earth Science and Technology
(JAMSTEC), 2-15 Natsushima, Yokosuka 237-0061, Japan
4) Department of Environmental Chemistry, Institute of
Environmental Assessment and Water Research (IDAEA),
Spanish Council for Scientific Research (CSIC), 08034
Barcelona, Spain 5) CGUL-IDL, University of Lisbon,
Lisbon, Portugal 6) Godwin Laboratory for Palaeoclimate
Research, Department of Earth Sciences, University of
Cambridge, UK

* Dulce Oliveira, dulce oliveira@ipma.pt

Marine Isotope Stage 31 (MIS 31) is an important
analogue for ongoing and projected global warming, yet
key questions remain about the regional signature of its
extreme orbital forcing and intra-interglacial variability.
Based on a new direct land-sea comparison in SW Iberian
margin IODP Site U1385 we examine the climatic
variability between 1100 and 1050 ka including the
“super-interglacial” MIS 31, a period dominated by the
41-ky obliquity periodicity. Pollen and biomarker analyses
at provide new insights into the regional vegetation,
precipitation regime and atmospheric and oceanic
temperature variability on orbital and suborbital
timescales. Our study reveals that atmospheric and SST
warmth during MIS 31 was not exceptional in this region
highly sensitive to precession. Unexpectedly, this warm
stage stands out as a prolonged interval of a temperate
and humid climate regime with reduced seasonality,
despite the high insolation (precession) forcing. We find
that the dominant forcing on the long-term temperate
forest development was obliquity, which may have
induced a decrease in summer dryness and associated
reduction in seasonal precipitation contrast. Moreover,
this study provides first-time evidence for persistent
atmospheric millennial-scale variability with multiple
forest decline events reflecting repeated cooling and
drying episodes in SW Iberia. Our direct land-sea
comparison shows that the expression of the suborbital
cooling events on SW Iberian ecosystems is modulated by
the predominance of high or low-latitude forcing
depending on the glacial/interglacial baseline climate
states. Severe dryness and air-sea cooling is detected
under the larger ice volume during glacial MIS 32 and MIS
30. The extreme episodes, which in their climatic imprint
are similar to the Heinrich events, are likely related to
northern latitude ice-sheet instability and a disruption of
the AMOC. In contrast, forest declines during MIS 31 are
associated to neither SST cooling nor high-latitude
freshwater forcing. Time-series analysis reveals a
dominant cyclicity of about 6 ky in the temperate forest
record, which points to a potential link with the fourth
harmonic of precession and thus low-latitude insolation
forcing.

Zaragoza, Spain, 9-13 May 2017
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Antarctic climate variability at regional and continental
scale over the last 2000 years

Anais Orsil, Barbara Stenniz, Mark Curran4, Nerilie
Abrams, Sentia Goursaudl, Valerie Masson-DeImottel,
PAGES Antarctica2K consortiumll) Laboratoire des
Sciences du Climat et de I'Environnement (IPSL/CEA-
CNRS-UVSQ UMR 8212), CEA Saclay, 91191 Gif-sur-Yvette
cédex, France 2) Department of Environmental Sciences,
Informatics and Statistics - Ca’ Foscari University of
Venice, Italy 3) Institute for the Dynamics of
Environmental Processes - CNR, Venice, Italy 4) Australian
Antarctic Division and Antarctic Climate & Ecosystems
CRC 5) Research School of Earth Sciences, Australian
National University * Anais Orsi, anais.orsi@Isce.ipsl.fr

Paleotemperature reconstructions from Antarctica
mainly rely on water stable isotope records from ice
cores. The key factor controlling this proxy has been
mainly related to temperature variations; however this is
not always straight forward and other processes acting
on different spatial and temporal scales may influence
the calibration between water stable isotopes and
temperature. These processes can include precipitation-
weighting of recorded air temperature, post-depositional
movement and loss of snow, and ice flow and elevation
effects. Early efforts to reconstruct the continental-scale
temperature history of Antarctica over the past 2000
years indicated that at the continent-scale Antarctica is
the only land region where the long-term cooling trend of
the last 2000 years has not yet been reversed by recent
significant warming. However, this Antarctic temperature
reconstruction has large uncertainties and masks
important regional-scale features of Antarctica’s climate
evolution over the last 2000 years. Here using a greatly
expanded paleoclimate database and new reconstruction
methodologies we present the results obtained from the
Antarctica2k working group in the framework of the
PAGES 2k initiative aiming to reconstruct the climate of
the past 2000 years at both global and continental scales.
This will include the compilation of ice core isotope
records over 7 distinct climatic regions: the Antarctic
Peninsula, the West Antarctic Ice Sheet, the East
Antarctic Plateau, and four coastal domains of East
Antarctica.
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ID: 01924, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Coupled Long-Term Evolution of Climate and the
Greenland Ice Sheet During Past Warm Periods: A
Comparison for the Last Interglacial and the Late
Pliocene

Bette Otto-BIiesnerl, Marcus Lofverstroml, William
Lipscombz, Jeremy Fykez, Shawn Marshalls, William
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Sacks 1) National Center for Atmospheric Reserch 2) Los
Alamos National Laboratory 3) University of Calgary
* Bette Otto-bliesner, ottobli@ucar.edu

It is estimated that the Greenland Ice Sheet (GrIS) may
contribute as much as one meter of global sea level rise
by the end of this century, and potentially several meters
in this millennium. The potential climate impact of this
rapid deglaciation is debated in the literature. An
instructive approach is therefore to study well-
constrained warm periods in the past, from which there
are abundant and well-dated proxy records: e.g. the last
interglacial (LIG) warm period and the late Pliocene, as
potential process analogues for centuries to come. The
LIG warming is primarily attributed to high boreal
summer insolation. The late Pliocene is thought to
represent the long-term climate response to near-current
concentrations of CO,, though the North Atlantic region
may also have been influenced by altered ocean heat
transports in response to closed Arctic gateways. Here
we examine the transient response of the GrlS to the late
Pliocene high CO, and LIG high boreal summer insolation
in two parallel multi-millennial experiments. We use the
Community Earth System Model, version 2 (CESM2) fully
coupled to the Community Ice Sheet Model, version 2
(CISM2), simulating the GrIS as an interactive component
of the coupled climate system. The main focus of the
analysis is on how the GrlS responds to differences in the
imposed radiative forcing. Results will highlight the
transient evolution of the ice sheet and how the surface
mass balance (patterns of ablation and accumulation)
and mass loss compare to data-based reconstructions of
past climate states. We also discuss how these well
studied past climate states may be informative in order
to constrain the future evolution of the ice sheet.

Zaragoza, Spain, 9-13 May 2017

ID: 01536, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Spatio-temporal dynamics of bacterial communities in
response to marine transgression and regressions
occurred since late Pleistocene

Shan P Thomasl, Bhavatharini Shanmuganathanl,
Sivakumar Krishnanz, Kartika Goswami3, Maha Dev3,
Mayappan Sundararajana, Manoj Kumar Jaiswa|3,
Anbarasu Kumaresanz, Senthil Kumar Sadasivamll)
Geobiotechnology Lab, PG and Reserach Department of
Biotechnology, National College (Autonomous),
Tiruchirappalli — 620 001, Tamil Nadu, India 2) PG and
Research Department of Geology, National College
(Autonomous), Tiruchirappalli — 620 001, Tamil Nadu,
India 3) Department of Earth Sciences, Indian Institute of
Science and Education Research (IISER), Kolkata, India. 4)
CSIR-National Institute of Interdisciplinary Science &
Technology (NIIST), Thiruvananthapuram, Kerala, India
* Senthil Kumar Sadasivam, senthil@nct.ac.in
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Marine transgressions and regressions are one of the
ecological impacts of climate change. As abundant
population in sediments, bacterial communities are
imprinted with marine transgressions and regressions,
which can be recovered through molecular tools to
explain how bacterial communities respond to niche
change. Three sediment layers were subsampled from a
sediment core excavated from a Paleo beach ridge
located 2.6km inland to south east coast of India
(10.553467 N, 79.835450 E) The subsamples SSB at
24.5m bgl, SSM at 7.2m bgl, and SST at 2.8m bgl were
retrieved. Formation time of subsamples was calculated
as 146.64 + 36.81 Ka BP for SSB, 6.04 + 1.25 Ka BP for
SSM and 3.36 + 0.42 Ka BP for SST using Optically
Stimulated Luminescence Dating. SST was a terrestrial
environment; SSM was formed during transgression and
SSB after regression. Bacterial population of the
subsamples were analyzed through V3 region targeted
Illumina Sequencing of 16s rDNA. Bacterial population
was the highest at SSM when compared to SST and SSB.
After transgression 22 new phyla appeared on SSM
retaining 15 native phyla of SSB and after regression 17
phyla became virtually absent at SST. 13 phyla were
commonly present in all the three samples. Nearly 56% of
native bacterial species were able to adapt to the
ecological changes and survived through time. Fourteen
percent of native population which disappeared at SSM
recolonized on SST. Marine bacterial diversity increased
by 81% at SSM when compared to SSB and SST.
Geochemical analysis showed higher concentration of
macro elements at SSM, which correlated with the
highest bacterial diversity at SSM. Bacterial community
structure was altered by niche change even though, most
of the bacterial communities were able to withstand
niche change or recolonize when original ecological niche
conditions were restored.
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ID: 02356, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Climate Shifts in Arctic Norway Inferred from Past
Glacier Variability

@yvind Paasche®, Jostein Bakke' 1) Bjerknes Centre for
Climate Research 2) Department of Earth Science,
University of Bergen
* @yvind Paasche, oyvind.paasche@uib.no

Cirque glaciers are responsive to climate change. By
reconstructing how glaciers have varied in the past we
can thus make inferences about how climate have
dynamically evolved over thousands of years. During the
last 15 years we have targeted glaciers in Northern
Norway in an effort to constrain natural glacier variability
as documented in downstream basins and also from
detailed mapping of moraines in glacier forelands. The
result is a unique set of high-resolution, continuous
glacier reconstructions covering the last 11 500 years that
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allow us to assess climate trends, rapid shifts as well as
regional coherence. There are, however, several caveats
with glacier reconstructions based on lake sediment

archives that that could hamper potential climate
inferences. They include, (1) the challenge of
distinguishing  extra- and para-glacial sediment

contributions from the ‘true glacier signal’, (2) securing
trustworthy age-depth relationships, (3) connecting
independently dated moraines, which permits for
Equilibrium-Line-Altitude estimates, to corresponding
variations in sediment parameters. We have taken great
care in addressing these issues, but there is still work to
be done and all sites are to a certain degree special. Here
we uniquely present the result of a longstanding effort to
constrain past climate changes based on multiple
reconstructed glaciers from Arctic Norway. We observe a
series of rapid climate shifts during the Holocene, which
is reproduced in several of our records. Especially notable
is the shift marking the onset of the Neoglacial 4000
years ago. The complete absence of many, but not all,
glaciers during the Holocene Optimum document a
prevailing warming which is the most consistent pattern
in our records. The multidecadal and centennial
variability that characterize the Neoglacial are harder to
reproduce on a regional scale. Still, the records document
a less stable climate, defined by high-frequency shifts
hinting at large-scale atmospheric and sea ice vacillations.

Zaragoza, Spain, 9-13 May 2017

ID: 01591, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Lake Ohrid: a unique lacustrine record of vegetation and
climatic history of the Early Pleistocene in SE Europe

Konstantinos Panagiotopoulosl, Jens Holtvoeth®, Adele
Bertini3, Katerina Kouli4, Timme H. Donderss, Laura
Sadorie, Richard D. Pancostz, Bernd Wagnerl, Martin
Melles 1) Quaternary Geology Group, Institute for
Geology and Mineralogy, University of Cologne, Germany
2) Organic Geochemistry Unit, School of Chemistry,
University of Bristol, UK 3) Dipartimento di Scienze della
Terra, University of Florence, Italy 4) Faculty of Geology
and Geoenvironment, National and Kapodistrian
University of Athens, Greece 5) Palaeoecology,
Department of Physical Geography, Utrecht University,
Utrecht, The Netherlands 6) Dipartimento di Biologia
Ambientale, Universita di Roma “La Sapienza”, Italy
* Konstantinos Panagiotopoulos, panagiotopoulos.k@uni
-koeln.deThe response of vegetation to orbital and sub-
orbital climate variability has been relatively well studied
during the Late Pleistocene from marine and continental
archives across the Mediterranean. However, little is
known about the vegetation response in the region
during the Early Pleistocene (> 1.2 million years). Marine
isotope records suggest that obliquity-controlled climatic
cycles are characterized by a considerably shorter
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duration (41 kyr) and an overall reduced global ice
volume compared to Late Pleistocene cycles. Existing
pollen records that encompass the interval of the Early
Pleistocene are usually discontinuous and lack the
temporal resolution to draw safe conclusions on
centennial ecosystem dynamics. Despite their limitations,
these records indicate the gradual extinction of
subtropical and thermophilous tree species from the
Iberian and Italian peninsulas over the course of the Mid-
Pleistocene Transition. Within the frame of the ICDP
drilling at Lake Ohrid, a continuous lacustrine succession
spanning back to the Early Pleistocene enabled us to gain
unique insights into the vegetation and climate history in
the Balkan peninsula over this interval. Combined
palynological and lipid biomarker analyses suggest that
aquatic and terrestrial ecosystems responded sensitively
to climate variability. Our results indicate the
perseverance of forested landscapes and a rather stable
soil organic matter pool over the Early Pleistocene.
Several relict tree species such as Carya, Cathaya, Cedrus,
Liquidambar, Parrotia, Pterocarya and Tsuga form major
components of interglacial forests. Distinct succession
phases can be distinguished reflecting forest dynamics
and shifts in temperature and moisture availability. Pines
in association with several deciduous trees dominate
glacial pollen spectra. Lipid biomarker analysis indicates
rather limited erosion even during glacial intervals, when
persistent vegetation cover stabilized the soils in the
catchment. Ongoing high-resolution analyses will
improve our understanding on ecological succession and
the impact of short-term climate shifts on local
ecosystems.
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ID: 01724, 31.- Global Dust Deposition in Past, Present,
and Future Climates, (Oral)

Holocene aeolian fluxes from northern Romania: a
multiproxy approach to reconstruct the deposition of
aeolian particles and their control factors

Andrei-Marian Panaitl, Simon Mark Hutchinsonz, loan
Tantau ! , Andrei Cosmin Diaconu® , Angelica Feurdean® 1)
Department of Geology, Babes-Bolyai University, 400084
Cluj-Napoca, Romania 2) School of Environment and Life
Sciences, University of Salford, Salford M5 4WT, UK
* Andrei Marian Panait, pnt_andrei@yahoo.com

Aeolian particles deposited in ombrogenous bogs
originate from different sources ranging from regional
(e.g. dust) to more local (sand). Their formation,
transport and deposition can vary over time, and are
mainly driven by climatic characteristics (e.g.,
precipitation, wind speed, the movement of air
masses).Here, we have used physical (loss-on-ignition
and two methods of particle size analysis), geochemical
(XRF and 613C), biological (testate amoeba, pollen) and
dating measurements (AMS 14C, 210Pb) to investigate: i)
changes in the aeolian particles deposited and the
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associated conditions in an ombrogenous bog from
Romania and ii) the regional-scale relationship between
our reconstruction and other records from Europe. We
reconstructed a low aeolian input from 7800 to 4000 cal.
years BP, which increased and fluctuated markedly over
the last 4000 years. Comparison with our local climatic
reconstructions reveals that at least until 200 years ago,
the aeolian input was predominantly influenced by
climate. We found greater aeolian fluxes at times of dry
peatland surface conditions and lower dust fluxes during
wet local hydroclimatic conditions. The increased dust
flux over the past 200 years coincide with significant
deforestation in the study region.

Our results provide new insights into the understanding
of changes in wind characteristics in continental areas of
CE Europe and also demonstrate that aeolian dust and
sand dust are highly promising proxy of past climate
variability in this region.

Zaragoza, Spain, 9-13 May 2017
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temperatures between specific periods in great detail.
Here we used shotgun DNA sequencing of the full
metagenome preserved in the Hdasseldala sedimentary
record to investigate the whole diversity of taxonomic
groups present in the lake sediment. We combine
sedimentary aDNA, pollen and macrofossil studies and
succeeded in correlating the relative abundances of plant
communities to distinct climatic shifts that occurred
between 14 and 10.5 ka BP.

ID: 01952, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Invited
Oral)

Shotgun ancient DNA analysis
sediments from Sweden

in Lateglacial lake

Laura Parducci® , Engy Ahmed? , Minna Viliranta® , Sakari
Salonen", Lu Hanl, Mikkel Winther Pedersens, Tanja
Slottes, Eske WiIIersIevS, Barbara Wohlfarth? 1)
Department of Ecology and Genetics, Evolutionary
Biology Centre, Uppsala University, 75236 Uppsala,
Sweden 2) Department of Geological Sciences and Bolin
Centre for Climate Research, Stockholm University, SE-
10691 Stockholm, Sweden 3) Department of
Environmental Sciences, University of Helsinki, P.O. Box
65, FI-00014 Helsinki, Finland 4) Department of
Geosciences and Geography, University of Helsinki, PO
Box 64, 00014 Helsinki, Finland 5) Centre for
GeoGenetics, Natural History Museum, University of
Copenhagen, Copenhagen 1350, Denmark 6) Department
of Ecology, Environment, and Plant Sciences, Science for
Life Laboratory, Stockholm University, 114 18 Stockholm,
Sweden

* Laura Parducci Parducci, laura.parducci@ebc.uu.se

The final stages of the Last Glacial in the Northern
Hemisphere, between 19 and 11.7 thousand years before
present, were punctuated by distinct and alternating
warmer and colder climate states before Interglacial
temperatures were attained, which in turn strongly
influenced past vegetation. One of the best studied
Lateglacial lake sedimentary record in Sweden is derived
from the ancient lake of Hasseldala Port where several
recent multi-proxy sediment studies and detailed
chronological frameworks allowed reconstructing local
and regional environmental conditions and summer
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ID: 02089, 06.- Before and after - climate contrasts across
the MPT, (Oral)

Atlantic Meridional Overturning Circulation dynamics
across the Mid-Pleistocene Transition

L.D. Pena’ , S.L. Goldstein® , M. Jaume—Segui2 , ) Kim® , M.
Yehudaiz, J. Farmerz, H. Fordz, L. Haynesz, B. Hénischz,
M.E. Raymo’, P. Ferretti®, T. Bickert® 1) Department of
Earth and Ocean Dynamics, University of Barcelona, Spain
2) Lamont-Doherty Earth Observatory of Columbia
University, USA 3) Institute of Environmental Processes
Dynamics, CNR, Italy 4) MARUM- Center for Marine
Environmental Sciences, University of Bremen, Germany
* Leopoldo D. Pena Gonzalez, Ipena@ub.edu

The Mid-Pleistocene Transition (MPT, ~1.3-0.7 Ma) is
recognized as a fundamental transition in glacial-
interglacial periodicity as shown in deep ocean 50
records, from dominantly 41ky to 100ky cycles. During
the MPT, glacial periods became more extreme and
atmospheric CO, decreased (1). Nd isotope records in the
South Atlantic indicate that the Atlantic meridional
overturning circulation (AMOC) weakened drastically at
this time (2). It is thus plausible that the weakening deep-
ocean circulation allowed atmospheric CO, to be trapped
in the deep ocean. We present a new basin wide
compilation of Nd isotope data (gng) from the north
Atlantic to the Southern Ocean, using FeMn encrusted
foraminifera shells from ODP Sites 607, 1063, 926, 1267,
1088, 1090 and 1094. Our aim is to reconstruct the
AMOC dynamics at critical points in time since ~2Ma,
with a particular focus across the MPT. Our new data sets
support previous findings and provide new insights on
the deep ocean water mass reorganization across the
MPT. A significant decline in the AMOC between 0.85-
0.95Ma is seen in all the cores, confirming a widespread
“AMOC crisis” in the Atlantic basin during this time. Nd
isotope data are consistent with southern sourced deep
waters (SSW) penetrating northward into the deep north
Atlantic. Post-MPT glacial periods were characterized by
weaker overturning and increased presence of SSW in all
the cores presented. In addition, the site 607 Nd isotope
data indicate a North Atlantic-sourced origin for the deep
ocean circulation slowdown. Comparison of &yy and
benthic foraminiferal 6C and B/Ca records from
different ocean basins will allow us to understand the
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links between ocean circulation changes and the global
carbon cycle.

(1) Honisch, B. et al. (2009). Science, 1551. (2) Pena, L., &
Goldstein, S. (2014). Science, 345.

Zaragoza, Spain, 9-13 May 2017

ID: 01762, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

15th century C.E. urban collapse as a consequence of
emergent vulnerability to climate variability

Dan Pennyl, Nicholas Fischer®, Mikhail Prokopenko2 1)
School of Geoscience, The University of Sydney 2)
Complex Systems Research Group School of Civil
Engineering, The University of Sydney

* Dan Penny, dan.penny@sydney.edu.au

The complex, tightly-coupled networked infrastructures
upon which modern cities rely can be vulnerable to
cascading failure, when relatively small perturbations
cascade outward to trigger further failures in other,
dependent parts of the network. This produces an
important non-linearity, where the consequences of
perturbation may be more significant than the
perturbation itself. Here we present the results of
network modelling to demonstrate that the 14th/15th
century C.E. collapse of Angkor — the world’s largest pre-
industrial city — was a function of cascading failure in
response to climatic variability. A dynamic network
model indicates marked criticality in Angkor’s water
distribution network in response to both increased and
decrease load. Cascading infrastructure failure during
extreme monsoon variability in the 14" and 15" centuries
C.E. precipitated a systemic collapse of the water
distribution network, and the abandonment of the city.
Angkor represents an important example of the emergent
properties of complex urban infrastructure in the context
of regional climate variability that reflects contemporary
concerns over the management of critical infrastructure.
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reconstructions based on stable isotope measurements in
cave ice and speleothems), palaeovegetation and
floodplain fluvial processes data with the ages of early
Neolithic settlements (ca. 8000-6000 cal BP) in the wider
Carpathian region, to determine the possible constrains
that environmental conditions put on the spread of
Neolithic in SE Europe.

Our results suggest that the early Holocene experienced a
rapid summer warming, while winters were rather cold
until ca. 6000 cal BP. The pollen records indicate large-
scale increase in temperate forests from the early
Holocene onwards. However, the forests preserved a
more open character in lowlands than at mid to high
elevations in the Carpathians. The fraction of open
landscapes was most extensive between 11700 and 8500
cal BP and decreased between 8500 and 6000 cal BP.
Arable agriculture occurred from ~7500 cal BP. The rivers
crossing the Carpathians responded differently to these
environmental changes, some displaying a meandering
behavior during the Early and Mid Holocene, while others
maintained a braided character until the Late Holocene.

Our combined data suggest that once reaching the lower
Danube plain and the Carpathian foothills, the Neolithic
populations encountered a heavily forested area with
braiding floodplains that were unsuitable for agriculture.
Consequently, pressed by constantly northward moving
groups from the Balkan Peninsula, local Early Neolithic
populations crossed the Carpathians through the
narrowest point (although unsuitable for agriculture) and
moved into the loess-covered and well-suited for
agriculture Pannonian Plain from where they 1) spread
towards Central Europe and 2) crossed the Carpathians
eastwards, once forests became less-dense and
floodplains changed to meandering ones.

ID: 01541, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Climatic and environmental conditions during the
neolithization of the Carpathian Mts.

Aurel Persoiul, loana Persoiuz, Florica I\/I:?\'géu3 1) Emil
Racovita Institute of Speleology, Cluj Napoca, Romania 2)
Stefan cel Mare University, Suceava, Romania 3)
Alexandru loan Cuza University, lasi, Romania
* Aurel Persoiu, aurel.persoiu@gmail.com

The neolithization in SE Europe was a complex process,
the Carpathians acting both as a gateway for the spread
of Neolithic in Central Europe, and a barrier towards
Eastern Europe. In this paper we have combined
palaeoclimatic (summer and winter air temperature
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ID: 01459, 06.- Before and after - climate contrasts across
the MPT, (Oral)

A new dataset of temperatures for the mid-Pleistocene
transition via clumped isotope measurements in
foraminifera at Montalbano Jonico (south of Italy) and
the implication of local effect

Marion Perall, Mathieu Daéronl, Dominique BIamartl,
Franck Bassinotl, Maria Marinoz, Neri Ciaranfiz, Angela
Gironez, Patrizia Maiorano’ 1) Laboratoire des Sciences
du Climat et de L’Environnement, UMR8212, LSCE/IPSL,
CEA-CNRS-UVSQ and Université Paris-Saclay, Gif-Sur-
Yvette, France. 2) Department of Earth and
Geoenvironmental Science, University of Bari Aldo Moro,
E. Orabona 4, 70125 Bari, Italy

* Marion Peral, marion.peral@Isce.ipsl.fr

The mid-Pleistocene transition (MPT), also called « mid-
Pleistocene revolution » is characterized by a shift of
glacial/interglacial cycles from 41 ka to 100 ka and a
progressive increase of the climate oscillations. The
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orbital forcing remained unchanged through this period
that suggests another internal feedback. The
paleoceanographic and terrestrials records show longer
and irregular cycles with stronger glacials. This transition
could be interpreted as reflecting changes in the oceanic
temperatures and/or in the continental ice sheet volume,
although it has not been possible to decipher these two
parameters. In order to (re)solve this issue, we take
advantage of clumped isotope paleothermometry, based
on precise measurements of statistical anomalies (A47) in
the isotopic composition of carbonates.Clumped isotope
measurements were performed on benthic foraminifera
from a well stratigraphically constrained paleo-marine
continental section at Montalbano Jonico (Basilicata,
Southern ltaly). After a methodological approach (size
and species effect) on A,;, past temperatures were
determined for glacial-interglacial couples through the
MPT: MIS 34-31, MIS 22-21 and MIS 20-19.The data show
cooler temperatures for glacials compare to interglacials.
Furthermore, the first interpretations suggest stable
temperatures for the interglacial periods and cooler
temperatures during glacial periods at 41 ka cycles than
glacials at 100 ka. The temperature amplitudes seem to
be more important during the 41 ka cycles than the 100
ka cycles. But the remaining issue is to determine the
importance of local effect. The paleobathymetry
reconstructions show large variations from 500 m to 50
m through the MPT due to an uplift even at 0,9 Ma in the
south of Italy and make the temperatures changes
difficult to interpret.

Zaragoza, Spain, 9-13 May 2017
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SHW dominate the regional climate (>100 days with gale
force winds year'l, ~2000 mm precipitation year'l) and
terrestrial environments on the western side of the island
have elevated salinity from wind-driven sea spray,
compared with the more protected leeward side. This
elevated salinity forms the basis of a diatom-based
conductivity transfer function with which we track
salinity and wind strength back through time. XRF-based
geochemistry, %C, %N, 8¢, hyperspectral indices, and
diatoms all track the evolution of the lake and its
response to changing wind regimes over the last 700
years. Proxies in the cores document a marked shift from
a drier and windier environment towards greater
moisture and less wind-blown aerosols beginning 1450
CE. A period of low inferred winds prevails until c. 1900
CE, when inferred wind strength again increases until the
21" Century and to the highest values of the last 700
years. These changes mirror regional and global climate
patterns (e.g. Little Ice Age) suggesting larger scale
drivers of SHW strength over the last millennium.

ID: 01398, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

A Record of Southern Hemisphere Westerly Winds from
subantarctic Marion Island

Bianca Perrenl, Dominic Hodgsonl, Stephen Robertsl,
Wim van Nieuwenhuyzez, Elie Verleyenz, Wim
Vyverman®, Christoph Butz’ 1) British Antarctic Survey 2)
Dept. of Biology, Ghent University 3) Universitdat Bern,
Geographisches Institut (GIUB)

* Dominic Hodgson, daho@bas.ac.uk

Changes in the strength of the Southern Hemisphere
westerly winds (SHW) influence Southern Ocean
circulation and have the potential to alter its
effectiveness as a global CO, sink. Despite a recent
increase in the strength of the SHW, little is known about
its long-term dynamics and influence on the carbon cycle.
In this project, we track the variability of the SHW over
the late Holocene, using diatom-salinity reconstructions
and geochemical data from lake sediments on
subantarctic islands.

Here, we present a multiproxy lake sediment record from
La Grange Cop (LGC), on the western flank of Marion
Island, which spans the last 700 years. On Marion Island,
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ID: 01269, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

A terrestrial Pliocene-Pleistocene temperature record
from North-Western Europe

Francien Petersel, Dirk Munstermanz, Timme Dondersl,
Jaap Sinninghe-Damste3 1) Department of Earth Sciences,
Utrecht University, 3584 CS, Utrecht, The Netherlands 2)

Toegepast Natuurwetenschappelijk Onderzoek
(Netherlands  Organization for Applied Scientific
Research), 3584 CB, Utrecht, The Netherlands 3) NIOZ
Royal Netherlands Institute for Sea Research,
Department of Marine Microbiology and
Biogeochemistry, 1790 AB Den Burg, Texel, The
Netherlands * Emily Dearing Crampton-

flood, e.dearingcramptonflood@uu.nlThe  Mid-Pliocene
Warm Period (MPWP) (ca 3.3 to 3.0 Ma) is the most
recent geological interval that serves as an appropriate

analogue to our current climate, due to similar
atmospheric CO2 levels (400 - 450 ppmv) and
comparable continental configurations. Ample

reconstructions of MPWP sea surface temperatures
(SSTs) indicate that Pliocene SSTs were warmer than
present, particularly at high latitudes (ASST = 2 — 6 °C).
However, continental temperatures for this interval
remain poorly constrained due to a lack of trustworthy
proxies, and scarcity of terrestrial sedimentary
archives.Here we analysed branched GDGTs (brGDGTs) in
a coastal sediment core from the Netherlands to
reconstruct continental mean air temperatures (MAT) in
North-Western Europe during the Early Pliocene to mid-
Pleistocene. BrGDGTs are membrane lipids of organisms
living predominantly in soils whose relative distributions
relate with the temperature and pH of the soil in which
they are biosynthesized. BrGDGTs can be delivered to
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coastal marine sediments by fluvially transported soil
material. Our MAT record indicates that Northern
European MATs were 2-3 °C higher during the MPWP
than present. However, the record is punctuated by two
cooler \'glacial\' events, occuring at ~4.9 Ma and ~3.3
Ma. Complementary palynological records based on
pollen and dinosyst assemblages in the same core are
also in agreement with these cooler periods. Upon the
start of the Pleistocene, the temperature record also
clearly shows the onset of Northern Hemisphere
glaciation, with unstable and fluctuating MAT
estimates.In addition, the coastal position of the site
enables the evaluation of land-sea climate interaction by
the parallel application of marine lipid temperature
proxies (i.e. Uk37’, TEX86, and long chain diol index (LDI))
on the same core, thus providing crucial input data for
earth system models.

Zaragoza, Spain, 9-13 May 2017

ID: 01653, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

Modeling land use for animal production in global
change studies

Leanne Phelpsl, Jed Kaplan1 1) Université de Lausanne
* Leanne Phelps, Leanne.Phelps@unil.ch

Pasture is considered the single most extensive form of
land cover globally, currently comprising at least 25% of
the earth’s ice-free land surface. Land use for animal
production influences the earth system in a variety of
ways, including local-scale modification to biodiversity,
soils, and nutrient cycling; regional changes in albedo and
hydrology; and global changes in greenhouse gas and
aerosol concentrations. Despite its importance,
distinctions among different systems of animal
production are effectively absent from global change
studies. While recognition of land use systems is
improving, the most popular global land cover
inventories present only a single, usually poorly defined
category of “pasture” or “rangeland” with no
characterization of land use. There is a marked lack of
bottom-up, evidence-based methodology, creating a
pressing need to incorporate cross-disciplinary
knowledge of animal production systems into global
change studies. Here we present a framework, rooted in
socioeconomic and ecological contexts, that defines and
characterizes the range of land usage pertaining to
animal production, and is suitable for application in land
use inventories and scenarios, land cover modeling, and
studies on sustainable land use in the past, present and
future. Furthermore, we show the application of this
framework in sub-Saharan Africa.
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The precarious present: Is global warming reversing an
incipient Ice Age?

Georeg Philander 1) Princeton
* Georeg Philander, gphlder@Princeton.EDU

University

Global warming associated with the steep rise in
atmospheric CO, levels over the past century is reversing
an incipient Ice Age in analyses of data for the past 10Kyr,
but not in simulations of that period with climate models.
This disagreement can be resolved by means of the three
dominant cyclic signals in climate fluctuations over the
past 3Myr: (i) the response to precession which affects
the swift atmosphere strongly, the slow ocean
sporadically, and the lethargic glaciers indirectly via the
tropical oceans; (ii) the response to obliquity oscillations
at a period of 40Kyr, which involves changes in the global
atmospheric and oceanic circulations; and (iii) a signal
composed of trends — a cooling trend from about 3 to
1Myr, followed by alternating warming and cooling
trends, in the shape of a saw-tooth which recurs every 80
or 120Kyr, and which shares features with (ii) except that
the trends, rather than forced, are sustained by
feedbacks. The continually changing superposition of
these three separate, recurrent signals continually
changes the seasonal cycle whose simulations at different
times in the past are tests for these hypotheses. These
tests can reduce discrepancies between data and climate
models.

ID: 01414, 27.- The climate record of the past 5 million
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Changes in fine detrital material sources in the Eastern
Tropical Pacific during the last deglaciation

Sylvain Pichatl, Stephanie Kienastz, Mélie Cornetl, Lise
Missiaen®, Olivier Sulpis1 1) Laboratoire de Géologie de
Lyon (LGL-TPE), Ecole Normale Supérieure de Lyon, CNRS,
69007 Lyon, France 2) Department of Oceanography,
Dalhousie University, Halifax, Nova Scotia, Canada
* Sylvain Pichat, spichat@ens-lyon.fr

Paleo-records indicate meridional shifts of the ITCZ in the
Eastern Tropical Pacific (ETP) at the millennial to
Glacial/Interglacial scales. However, the amplitude and
even direction of these shifts remain largely debated. We
have investigated these changes by looking at variations
in fine detrital material provenance. Pb and Nd isotopic
compositions were measured in the <63um fraction of
two ETP sediment cores over the last 35ka.Both elements
have mirror isotopic compositions patterns in both cores.
In core MEO005-24JC (0°N, 86.5°W, 2941m), from MIS3
until the LGM, isotopic composition remained stable.
Then, during Heinrich Stadial 1 (17.5-15.5 ka), there is a
marked peak of unradiogenic Nd and more radiogenic Pb,
characterizing an older source for the detrital material
reaching ME24, and coinciding with higher 22Th
normalized flux, i.e. increased detrital inputs. Pb values
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decrease sharply to reach slightly less radiogenic values
during the Holocene than during MIS2-3. In core TR163-
19P (2.3°N, 91°W, 2348m), the isotopic composition
patterns are different from those of ME24. Pb isotopic
compositions are constant from MIS3 until ca. 20ka.
Then, there is a sharp increase to a plateau (19-16ka),
followed by a sharp decrease to reach constant values
from 10ka until the late Holocene.

Based on these observations on both isotopic systems,
we have determined that two common sources of
detrital material contribute in various proportions
through time to ME24 and TR163-19P. A third source,
characterized by more radiogenic Nd, contributes
significantly to TR163-19P during the Holocene. We can
rule out significant dust inputs from northern Africa or
Asia. Similarly, hydrothermal contributions or inputs of
Papua New Guinea material transported via the
Equatorial Undercurrent appear negligible. Modeling will
allow us to access more precisely the sources of detrital
material to the ETP and deduce the evolution of the
climate in this area during the last deglaciation
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annual mean position) during Heinrich Stadial 1. This
supports a previous hypothesis, which postulates a
southern hemisphere position of the oceanic ITCZ during
climatic states with reduced cross-equatorial oceanic
meridional heat transport.

ID: 02158, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Coupling of equatorial Atlantic surface stratification to
glacial shifts in the tropical rainbelt

Rodrigo PortiIho-Ramosl, Cristiano Chiessi 2, Yancheng
Zhanga, Stefan Mulitza3, Michal Kuceraa, Michael
Siccha3, Matthias Prange3, André Paul® 1) Institute of
Geosciences, University of Sdo Paulo, Sdo Paulo, Brazil 2)
School of Arts, Sciences and Humanities, University of Sdo
Paulo, Sdo Paulo, Brazil 3) MARUM - Center for Marine
Environmental Sciences, University of Bremen, Bremen,
Germany * Rodrigo Da Costa Portilho
Ramos, rcpramos@yahoo.com.br

The modern state of the Atlantic Meridional Overturning
circulation promotes a northerly maximum of tropical
rainfall associated with the Intertropical Convergence
Zone (ITCZ). For continental regions, abrupt millennial—
scale meridional shifts of this rainbelt are well
documented, but the behavior of its oceanic counterpart
is unclear due the lack of a robust proxy and high
temporal resolution records. Here we show that the
Atlantic ITCZ leaves a distinct signature in planktonic
foraminifera assemblages. We applied this proxy to
investigate the history of the Atlantic ITCZ for the last
30,000 years based on two high temporal resolution
records from the western Atlantic Ocean. Our
reconstruction indicates that the shallowest mixed layer
associated with the Atlantic ITCZ unambiguously shifted
meridionally in response to changes in the strength of the
Atlantic meridional overturning with a southward
displacement during Heinrich Stadials 2-1 and the
Younger Dryas. We conclude that the Atlantic ITCZ was
located at ca. 1°S (ca. 5° to the south of its modern

ID: 01344, 31.- Global Dust Deposition in Past, Present,
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Late Holocene paleo-records of atmospheric dust
deposition in eastern Canada

Steve Prattel, Frangois De VIeeschouwerZ, Michelle
Garneau® 1) GEOTOP, Université du Québec a Montréal
(UQAM) 2) CNRS, Ecolab, University of Toulouse
* Steve Pratte, pratte.steve@gmail.com

Atmospheric mineral dust plays an important role in the
Earth’s climate through parameters such as atmospheric
radiation, cloud properties and biogeochemical cycles.
However, the high spatial and temporal variability of
mineral dust and a lack of terrestrial archives in certain
regions limit our understanding of global dust-climate
interactions. Ombrotrophic peatlands (bogs;
atmospherically-fed only) have proven to be valuable
archives of atmospheric dust deposition as their
accumulation rate can provide high resolution paleo-
climate reconstructions for the Holocene.

Dust deposited on three ombrotrophic peat bogs of
eastern Canada was geochemically characterized using
REE concentrations, Nd and Pb isotopes. Over the last
2000 years, the three cores display similar eNd values,
which suggests either a common source or sources with
similar signatures within the two regions. Combining Nd
isotope data with REE patterns and particle size allowed
for better insights into the source of deposited dust and
the inference of past environmental and climatic
conditions in both regions. REE elements, eNd and
particle grain-size distribution suggest that, over the last
2000 years, a climatic change affected the boreal region
of eastern Canada. Increase in dust deposition rates
during during changes in humidity (either drier or wetter
climate) suggest a link with hydroclimatic instability in
two of the three studied peat bogs. Furthermore, these
changes in dust deposition corresponds to documented
cold periods in the region. While the dust reconstructions
and regional climatic records agree relatively well, the
discrepancies between paleodust records highlight an
increase in the regionality of late Holocene changes in
paleoclimate and more particularly past dust deposition
in eastern Canada.
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Millennial to centennial evolution of the Southern
Ocean CO2 store

James Rael, Andrea Burkel, Laura Robinsonz, Jess
Adkins3, Tianyu Chenz, Catherine Colel, Eloise LittIeyl,
Dan Nita', Ben Taylorll) School of Earth and
Environmental Sciences, University of St Andrews 2)
School of Earth Sciences, University of Bristol 3)
Geological and Planetary Sciences, California Institute of
Technology * James Rae, jwbr@st-andrews.ac.uk

The carbon content of the deep Southern Ocean is widely
thought to control atmospheric CO, on glacial-interglacial
timescales, but few direct tests of this hypothesis
exist. Here we present new deep sea coral boron isotope
data that reflect the pH — and thus CO, chemistry — of the
deep Southern Ocean over the last 40,000 years. At sites
most influenced by deep Southern waters we find a close
relationship between ocean pH and atmospheric CO,:
during intervals of low CO, ocean pH is low, reflecting
enhanced ocean carbon storage; during intervals of CO,
rise ocean pH rises, reflecting loss of carbon from the
ocean to the atmosphere. In contrast at shallower sites
we find extremely rapid (centennial-scale) pH decrease
during abrupt CO, rise, reflecting the transfer of carbon
from the deep to the upper ocean and atmosphere. The
pH drop at the start of the Bolling-Allerod is centered on
14.7 ka, and is followed by a rapid pH rise, likely
reflecting the advective input of high pH Northern-
sourced waters. This phasing suggests that the CO,
chemistry of the Southern Ocean can respond to rapid
climate change faster than the advective timescale of
NADW, and that the Southern Ocean plays a key role in
governing atmospheric CO, on millennial to centennial
timescales.
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warm the northwest Atlantic between Cape Hatteras and
Nova Scotia, thus providing a characteristic SST pattern
associated with AMOC variations. We investigate both
instrumental and proxy data from this region to provide
further evidence for past AMOC changes.

ID: 01641, 03.- Regional and transregional climate
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AMOC history: subpolar Atlantic cooling linked to
warming off the US coast

Stefan Rahmstorfl, Levke Caesarl, Feulner Georg1 1)
Potsdam Institute for Climate Impact Research
* Stefan Rahmstorf, rahmstorf@ozean-klima.de

Reconstructing the history of the Atlantic Meridional
Overturning Circulation (AMOC) over the past century
and millennium is difficult due to the limited availability
of data. One approach has been to use instrumental and
proxy data for sea surface temperature (SST), taking
multi-decadal and longer SST variations in the subpolar
gyre region as indicator for AMOC changes [Rahmstorf et
al., Nature Climate Change 2015].

Recent high-resolution climate model results [Saba et al.,
JGR Oceans 2016] as well as dynamical theory and
conceptual modelling [Zhang and Vallis, ). Phys.
Oceanorgr. 2007] suggest that an AMOC weakening will
not only cool the subpolar Atlantic but simultaneously
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Extratropical cyclone characteristics during the last
millennium and the future — implications on wind and
precipitation extremes

Christoph C. Raiblel, Sandro Blumerl, Martina
Messmerl, Flavio Lehnerz, Richard BIendera, Thomas F.
Stocker® 1) Climate and Environmental Physics and
Oeschger Centre for Climate Change Research, University

of Bern, Bern, Switzerland 2) National Center for
Atmospheric  Research, Boulder (CO), USA 3)
)Meteorological Institute, University of Hamburg,

Hamburg, Germany
* Christoph Raible, raible@climate.unibe.ch

Extratropical cyclones are fundamental phenomena of
the day-to-day atmospheric variability, responsible for
wind and precipitation extreme events. Despite the
advances in better understanding the underlying
processes of cyclones, there is still considerable
uncertainty of how extratropical cyclones react to
changes of external forcing, as there exist competing and
partly canceling responses. Particularly for extreme
events, understanding is limited also because of a
relatively short period of reliable observations.

The purpose of this study is to present variability of
different cyclone characteristics including extremes
during the last millennium and the future under RCP 8.5.
We use a last millennium simulation with CESM1
spanning the period AD 850 to 2099. The analysis is
based on winter for the North Atlantic European region.
Cyclones are detected in 12-hourly data with a
Lagrangian method providing cyclone characteristics,
such as cyclone intensity measured by geopotential
height gradient around the center, cyclone-related
precipitation, area affected by cyclones, or number of
cyclones.

Results suggest that mean and extreme cyclone
characteristics are dominated by internal variability
during the last millennium showing pronounced low-
frequency variations. Different extreme cyclone
characteristics, e.g. extreme cyclone intensity and
cyclone-related precipitation are not correlated among
each other. We find indications that external forcing may
play a role as cyclones and their characteristics behave
differently in warmer periods compared to colder
periods, e.g., extreme cyclone intensity is enhanced in
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cold periods, whereas in warm periods the cyclone-
related precipitation is increased.

Changes of extratropical cyclone characteristics in the
future exceed the range of the last millennium showing a
decrease in the number cyclones and a decrease in
extreme cyclone intensity, whereas cyclone-related
precipitation and the area affected by cyclones increase
in the 21 century.
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climate, we try to unravel how the observed variability
could be linked to extra-regional climatic processes, such
as variations in North Atlantic oceanic and atmospheric
patterns.

ID: 02237, 04.- From the Mediterranean to the Caspian:
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A speleothem record of MIS 9/ MIS 8 climate and
environmental variability from Macedonia (F.Y.R.0.M.)

Eleonora Regattieril, Giovanni Zanchettaz, llaria Isolas,
Russell N. Drysdale4, Petra Bajo4, John C HeIIstromS,
Bernd Wagnerl, Chiara Boschi®1) Institute of Geology
and Mineralogy, University of Cologne, Zilpicher Str. 493,
Cologne, Germany 2) Earth Sciences Department,
University of Pisa, Via S. Maria 53 56126, Pisa Italy 3)
Istituto Nazionale di Geofisica e Vulcanologia INGV, Via
della Faggiola 32, Pisa Italy 4) School of Geography,
University of Melbourne, Victoria 3010, Australia 5)
School of Earth Sciences, University of Melbourne,
Victoria 3010 Australia 6) Institute of Earth Sciences and
Earth resources, IGG-CNR, Via Moruzzi 1, 56126, Pisa,
Italy * Eleonora Regattieri, regattieri@dst.unipi.it

Considerable natural variability and temporal change is a
reality of the Earth System. When current changes are
placed in a longer-term context, one important
implication is that any human-induced change in climate
is already interwoven with the natural pattern of
variability. Palaeoclimate archives provide data from time
periods where human activities had no or minimal impact
on global-scale processes, providing the opportunity to
evaluate the natural dynamics of the climate system. The
Marine Isotope Stage (MIS) 9, spanning the 335-280 ka
period is a valuable complement to the better studied
intervals such as Holocene and MIS 5. Several
Mediterranean and North Atlantic records show that it
was pervaded by significant millennial-scale variability,
both during full interglacial conditions and during the
glacial inception. In this study, we discuss the stable
isotope geochemistry and growth history of a stalagmite
(OH2) from Macedonia (F.Y.R.0.M), which provides an
independent, radiometrically-dated terrestrial record of
hydrological and environmental variability at orbital and
millennial time-scale for the MIS 9 interval. By
comparison with the multiproxy record from the nearby
Ohrid Lake we describe the environmental evolution at
the cave site during the interglacial and the glacial
inception. Then, by comparison with the regional climatic
framework, and especially with the emerging speleothem
record from Corchia Cave in central Italy, already
recognized as strictly linked to Northern Hemisphere

ID: 01725,01.- Open Session on past global changes,
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A global perspective on the change in climate variability
from the Last Glacial Maximum to the Holocene

Kira Rehfeld', Thomas Miinch’®, Sze Ling Ho®, Laepple
Thomas” 1) British Antarctic Survey, Cambridge, UK &
Alfred-Wegener-Institut fir Polar- und Meeresforschung,
Potsdam, Germany 2) Alfred-Wegener-Institut fir Polar-
und Meeresforschung, Potsdam, Germany & Institute of
Physics, Universitdit Potsdam 3) Department of
Geosciences, University of Bergen 4) Alfred-Wegener-
Institut fir Polar- und Meeresforschung, Potsdam,
Germany * Kira Rehfeld, krehfeld@awi.de

Changes in climate variability are more important for
society than changes in the mean state alone. A large-
scale shift of the mean climate in the future is expected,
but its implications for climate variability are not well
constrained. Here we quantify changes in temperature
variability as climate shifted from the Last Glacial cold to
the Holocene warm period. Greenland ice core oxygen
isotope records provide evidence of this climatic shift. A
striking feature in these records is pronounced millennial
variability in the Glacial, and a distinct reduction in
variance in the Holocene.

We present quantitative estimates of the change in
variability on 500- to 1500-year timescales based on a
global compilation of high-resolution proxy records for
temperature which span both the Glacial and the
Holocene. The estimates are derived based on power
spectral analysis, and corrected using estimates of the
proxy signal-to-noise ratios.

We show that, on a global scale, variability at the Glacial
maximum is five times higher than during the Holocene,
with a possible range of ~3-10 times. The spatial pattern
of the variability change is latitude-dependent. While the
tropics show no changes in variability, mid-latitude
changes are higher. A slight overall reduction in variability
in the centennial to millennial range is found in
Antarctica. The variability decrease in the Greenland ice
core oxygen isotope records is larger than in any other
proxy dataset. These results therefore contradict the
view of a globally quiescent Holocene following the
instable Glacial, and imply that, in terms of centennial to
millennial temperature varibility, the two states may be
more similar than previously thought.
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Peat record of Holocene atmospheric dust deposition on
the Falkland Islands

Eléonore Resonglesl, Baruch Spiroz, David Larges, Paul
Brickle4, Frangois De VIeeschouwerS, Gaél Le Rouxs,
Dominik Weiss' 1) Department of Earth Science and
Engineering, Imperial College London, London, UK 2)
Natural History Museum, London, UK 3) Department of
Chemical & Environmental Engineering, University of
Nottingham, Nottingham, UK 4) South Atlantic
Environmental Research Institute, Falkland Islands, UK 5)
EcolLab CNRS, Université de Toulouse, Castanet Tolosan,
France * Eléonore Resongles, e.resongles@imperial.ac.uk

Records of atmospheric deposition play a key role in our
quest to understand Earth System processes including
changes in atmospheric circulation, impact of
atmospheric sources on oceanic paleoproductivity and
impact of human activities on global biogeochemical
cycles.

A region of particular interest is the Southern Atlantic
Ocean. To date, the lack of high-resolution records of
atmospheric dust deposition is seriously limiting our
progress in the understanding of the global connections
between mineral dust, climate and ocean
biogeochemistry in this region.

The aim of this work is to establish reference Holocene
high-resolution records for atmospheric deposition of
dust and trace elements to the Southern Atlantic Ocean
using peat archives in a remote location outside the
Antarctic ice shelf. To date, peat deposits were sampled
in the Falkland Islands and peat cores were recovered
covering the Holocene. The elemental and isotopic
geochemical characterization of the peat will allow us to
quantify the atmospheric deposition fluxes of dust and
trace elements and their temporal variations during the
Holocene and to identify dust sources and assess the
importance of long-range transport in the western South
Atlantic Ocean. We expect to reconstruct Holocene
atmospheric circulation patterns associated with
paleoclimatic variations but also to tackle the link
between dust cycle and paleoproductivity in the
Southern Atlantic Ocean. In this contribution, preliminary
results on the Falkland Islands peat record will be
discussed including density, ash content, trace element
and REE concentration.
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Division of Hydrologic Sciences, Desert Research Institute,
Reno NV, USA * Rachael Rhodes, rhr34@cam.ac.uk

Salty blowing snow lofted from the surface of sea ice may
be an important source of sea salt to the polar
atmosphere. For paleoclimatologists, this is significant
because it provides a mechanism by which sea salt in ice
cores could record information about past sea ice extent.

To assess how Greenland ice core sea salt may be used as
an Arctic sea ice proxy, we investigate the factors
influencing Arctic sea salt aerosol using a chemical
transport model. Our model simulations are compared
to both Arctic aerosol observations and seasonally-
resolved Greenland ice core records.

We find that a sea ice source of sea salt is required, in
addition to an open ocean source, in order to reproduce
aerosol observations, particularly  winter Na
concentration maxima. Furthermore, our tests indicate
that sea salt emissions from multi-year sea ice must be
less than emissions from annual sea ice, but not
negligible.

For the first time, we are able to represent Na
concentrations in the Greenland snow pack using
deposited aerosol and precipitation simulated by our
model. For the majority of ice cores, annual mean Na
concentrations can be simulated to within a factor of
2. Sea-ice-sourced sea salt contributes to the winter sea
salt peak observed in all the Greenland ice cores. A
strong meridional gradient in the influence of the sea ice
source is observed, with the sea ice contributing 50% of
the winter sea salt at NEEM (78°N), compared to only
10% in southern Greenland (66°N).

Sensitivity tests exploring the relative influence of
changing sea ice versus meteorology suggest that while
meteorology is the dominant control on inter-annual
variability in ice core sea salt concentrations, longer term
changes in sea ice may be detectable at some Greenland
locations.
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Sea ice as a source of sea salt aerosol to Greenland ice
cores: a model-based study

Rachael Rhodes’ , Xin Yangz, Eric Wolffl, Joseph
McConnell® 1) Department of Earth Sciences, University
of Cambridge, Cambridge, UK 2) British Antarctic Survey,
Natural Environment Research Council, Cambridge, UK 3)
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Land-ocean interactions at high latitudes during the
Pliocene

Bjorg Risebrobakken® , Sina Panitzz, Paul Bachem' , Ulrich
Salzmann’, Stijn De Schepperl, Erin McCIymont3 1) Uni
Reserch Climate, Bjerknes Centre for Climate Research,

bergen, Norway 2) Department of Geography,
Northumbria University, Newcastle, UK 3) Department of
Geography, Durham University, Durham, UK

* Bjgrg Risebrobakken, bjorg.risebrobakken@uni.no

Until recently, our understanding of high Iatitude
Pliocene (5.3-2.6 Ma) climate change has been hampered
by a lack of continuous well-resolved reconstructions.
New evidence from the eastern Nordic Seas ODP Hole
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642B document a close correspondence between climate
change on land and in the ocean on orbital to tectonic
time scales between 5.1 and 3.1 Ma. Both ocean
temperatures and vegetation show long intervals of
warmer than Holocene conditions, and the water column
structure support overall shallower ocean ventilation.
One of the most striking features of the eastern Nordic
Seas records is, however, that both ocean temperatures
and the Northern Norwegian vegetation document
conditions comparable to the Holocene between 4.3 and
40 Ma, at a time when global temperatures are
considered to be significantly warmer than at present. At
4.0 Ma, the sea surface temperatures increased rapidly,
while the transition to warmer vegetation was more
gradual and also associated with gradually decreased
humidity. While the eastern Nordic Seas SSTs increased
at 4.0 Ma, the western Nordic Seas cooled, setting up a
strong zonal temperature gradient over the Nordic Seas.
In contrast, the meridional temperature gradient
between the North Atlantic and the eastern Nordic Seas
decreased. Mechanisms behind and implication of the
results in terms of understanding the high latitude
Pliocene climate development will be discussed.
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Deconvolving the deglacial release of CO2 from the
deep South Pacific

Jenny Robertsl, Sambuddha Misraz, Peter Kéhlerl, Ralf
Tiedemann®, Frank Lamy' 1) Alfred-Wegener Institute 2)
University of Cambridge

* Jenny Roberts, jenny.roberts@awi.de

It is widely understood that glacial-interglacial changes in
atmospheric CO, are driven by changes in deep ocean
carbon storage. However, the processes responsible for
the transfer of CO, between the deep ocean and the
atmosphere remain disputed. Here, we produce the first
benthic boron isotope record (a proxy for seawater pH)
from the deep South Pacific, and through comparison
with benthic 62C and A”C, we can determine the
important oceanographic changes that act to release CO,
from the deep ocean. By combining these proxy data
with model reconstructions we show that breakdown in
the stratification of the Southern Ocean is responsible for
the deglacial release of CO,. In contrast, processes such
as iron fertilisation of the sub-Antarctic, air-sea gas
exchange and variations in the strength of Atlantic
Meridional Circulation play a comparatively minor role.
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Climatic change and the origins of agriculture in the
Eastern Mediterranean during the last Glacial-
Interglacial transition

Neil Robertsl, Jessie Woodbridgel, Alessio Palmisanoz,
Andrew Bevan’, Stephen Shennan®, Eleni Asouti® 1)
School of Geography, Earth and Environmental Sciences,
Plymouth University, UK 2) Institute of Archaeology,
University College London, UK 3) Department of
Archaeology, Classics and Egyptology, University of
Liverpool, UK

* C Neil Roberts, cnroberts@plymouth.ac.uk

It has long been hypothesised that the beginnings of
Neolithic agriculture in southwest Asia were connected to
the major shift in climate at the end of the last Ice Age.
Here we synthesise and critically evaluate the evidence
for environmental change and human adaptations
between 16,000 and 9000 Cal BP in this region. Stable
isotope data from marine, lacustrine and cave sequences
show a pattern of climatic change that was synchronous
across the eastern Mediterranean basin within the limits
of dating uncertainty. Changes in vegetation inferred
from pollen and charcoal evidence mirror step-wise shifts
between cold-dry and warm-wet climatic conditions,
although with lag effects, especially in woody plant cover
in upland and interior areas. We compare these
environmental data against summed archaeological
radiocarbon date probability distributions as a proxy for
past human population. In some areas, abrupt warming
transitions appear to have acted as pacemakers for
demographic change, while in other regions, no such
synchronism is evident.

During cold-dry time intervals (e.g. Younger Dryas),
favoured regions (e.g. Levant) acted as refugia for plant
and animal resources and human population. By
contrast, most upland and interior regions were
dominated by low-biomass resource-poor herb steppe,
and there is only limited evidence of human occupation
at these times. Contrasting human responses to climatic
opportunities may have been set by antecedent
conditions during periods of climatic adversity. Where
socio-ecological continuity was maintained through the
Younger Dryas, human communities were able to
respond rapidly to subsequent climatic
improvement. However, where there was a break in
settlement at this time, a lack of pre-adaptation meant
that populations were slower to react to the new
opportunities provided by the interglacial world.
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Can glacial precipitation changes in the Tropics be
related to the global scale?
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William Robertsl, Paul Valdesl, Joy Singarayerzl)
University of Bristol 2) University of Reading
* William Roberts, william.roberts@bristol.ac.uk

Paleoclimate studies of tropical precipitation frequently
aim to place local records into a larger, even global, scale
context. Recent theoretical advances linking the
energetics of the global atmosphere to the location of
tropical precipitation offer an interesting framework
within which to understand past changes in precipitation.
We shall investigate whether it is possible to use the
energetic framework to understand local precipitation
records by examining output from 363 different full
complexity climate model simulations of the last glacial
period. We shall show that it is possible to link the
position of the global mean Inter Tropical Convergence
Zone (ITCZ) to changes in the global energy budget, but
that the response of the ITCZ to glacial forcing is rather
different to the response to the seasonal cycle. Since
much of our theoretical understanding of the ITCZ is
based on the behaviour of the seasonal cycle, this
suggests that much work still needs to be done to
understand how the ITCZ responds to glacial forcing. We
shall show that although there is a relationship between
the global mean ITCZ and the energy budget there is little
relationship between local or continental scale
precipitation and either the global mean ITCZ or the
global energy budgeton glacial timescales. This suggests
that the energetic framework has limited use for the
interpretation of paleo-proxies and that paleoproxies
should not be linked to global ITCZ shifts.
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perturbations, we demonstrate nonlinear interactions
that are necessary to explain trends observed in the fully
coupled system and discuss physical mechanisms through
which these external forcings can trigger multidecadal
modes of the Atlantic Multidecadal Oscillation and
subsequently lead to a Little-Ice-Age-like regime. For
that, we capture and compare patterns of the coupled
atmosphere-sea-ice-ocean response as revealed through
a range of data analysis techniques. We show that the
large 1257 Samalas, 1452 Kuwae, and 1600 Huaynaputina
volcanic eruptions were the main causes of the multi-
centennial glaciation associated with the Little Ice Age.

ID: 01921, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

Volcanic Eruptions as the Cause of the Little Ice Age

Alan Robockl, Joanna Slawinskall) Rutgers University
* Alan Robock, robock@envsci.rutgers.edu

Both external forcing (solar radiation, volcanic eruptions)
and internal fluctuations have been proposed to explain
such multi-centennial perturbations as the Little Ice Age.
Confidence in these hypotheses is limited due to the
limited number of proxies, as well as only one observed
realization of the Last Millennium. Here, we evaluate
different hypotheses on the origin of Little Ice Age-like
anomalies, focusing in particular on the long-term
response of North Atlantic and Arctic climate
perturbations to solar and volcanic perturbations. For
that, we analyze the Last Millennium Ensemble of climate
model simulations carried out with the Community Earth
System Model (CESM) at the National Center for
Atmospheric Research, supplemented by a range of
sensitivity tests performed by us using CESM, focusing in
particular on the sensitivity to initial conditions and the
strength of solar and volcanic forcing. By comparing the
climate response to various combinations of external

ID: 02264, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

Pre-Columbian raised fields in the Llanos de Moxos,

Bolivian Amazon: An adaptation to the local
environment
Leonor Rodriguesl, Umberto Lombardo3, Mareike

Trauersteinz, Frank Preusser4, Heinz Veit® 1) Centre
d'Ecologie Fonctionnelle et Evolutive, CNRS, France 2)
Institute of Geography , University of Bern, Switzerland 3)
CaSEs Complexity and Socio-Ecological Dynamics,
Universitat Pompeu Fabra, Barcelona 4) Institute of
Geology, Freiburg, Germany

* Leonor Rodrigues, laenae@gmx.net

In pre-Columbian times human have been transforming

Amazonian landscapes and adapting to different
environmental conditions in different ways. One
impressive example are the raised fields- a pre-

Columbian agricultural system found in south-eastern
Amazonia — in the Llanos de Moxos, in the Bolivian
Lowlands. Pre-Columbian raised fields bear evidence of
human response to climatic change in the late Holocene.
Our results challenge the currently most accepted theory
that raised fields were a highly productive system which
per se allowed the development of a dense
population.Combining a set of pedological and
sedimentological methods with radiocarbon and optically
stimulated luminescence dating we show that fields were
constructed to overcome flooding and were in use during
time periods which coincide with anomalous wet phases.
Furthermore we show that the existing different types of
raised fields, occurring in different regions, are the result
of a perfect adaptation to varying local environmental
setting (e.g. soil types and hydrology) rather than a
cultural phenomenon.
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ID: 01646, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)
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Speleothem fluid inclusions show westerly and easterly
moisture advection across North East Libya during MIS 3
humid phases

Mike Rogerson1 , Yuri Dublyanski2 , Dirk Hoffmann® , Marc
Luetscher?, Christoph Sp('jtl2 1) School of Environmental
Sciences, University of Hull, Cottingham Road, Hull, UK 2)
Innsbruck Quaternary Research Group, University of
Innsbruck, Innrain 52, Austria 3) MPI-EVA, Deutscher
Platz 6, Leipzig, Germany

* Mike Rogerson, m.rogerson@hull.ac.uk

Atmospheric latent heat is a major component of global
and regional climate energy budgets and changes in its
amount and distribution are key aspects of the climate
system to constrain. Equally, in mid- and low latitude
regions, the aspect of past climate change that has had
the most impact on landscapes and ecosystems is
changes in the water cycle. Rainfall in semi-arid regions is
also amongst the climate parameters human society is
most sensitive to. Constraining past water cycle changes
within the arid mid-latitudes is therefore a globally
significant research  priority. Here, we present
speleothem-based fluid inclusion, strontium isotope and
stable isotope data for a record in northeastern Libya
spanning MIS 3 and demonstrating 15 newly identified
humid periods during this time-period. Comparison to
modern rainfall isotope data shows that fluid inclusion
water is likely unmodified rainfall water, but that waters
of significantly different composition are preserved in at
least two families of inclusions. The whole population of
measurements indicates that more than one rainfall
system is represented in the fluid inclusion dataset, with
moisture advection from both the west (Atlantic) and the
east (Levant). We discuss different scenarios which can
explain this geochemical behaviour, including changes to
sources, rainfall seasonality and impact from the amount
effect. Demonstration of humid periods during MIS 3 in
Cyrenaica are of great significance to understanding
human populations and migration through central North
Africa, and we discuss the implications of the changes in
the annual cycle we observe to regional human
prehistory.
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are amplified in the Arctic where their deposition on
high-reflectivity surfaces decreases the surface albedo
and hastens the melt of snow and ice. Globally, BC is the
second most important climate warming agent after CO,,
and it is estimated to be more important to the Arctic
melting and warming than greenhouse gases. BC can
have an up to 100 times stronger light absorption per
unit mass than mineral dust. However, dust is
considerably more abundant than BC in the Arctic, and
therefore the relative significance of these particles to
the observed Arctic climate warming and melting is partly
unresolved. Long-term observational records of Arctic BC
deposition are available from Greenland and Svalbard
glaciers while retrieving such data on dust has proven
methodologically more challenging. Preliminary results
indicate that non-elemental carbon refractory impurities
(a proxy for mineral dust) may contribute to about 50 %
of the light absorption caused by all impurities on a
Svalbard glacier. In a 300-year Svalbard glacier record
summer melt variations are better explained by the
combination of BC concentration and air temperature
variations than by temperatures alone. Both the BC
content and melt of the glacier have increased rapidly
from the 1970s to 2000s contrary to results from
Greenland. The impact of dust on the increasing glacier
melt is being investigated, as with growing amount of
snow/ice-free rock surface on Svalbard the impact of dust
on glacier melt may have increased. Furthermore, dust
contains nutrients for micro-organisms, such as algae,
that are suggested to affect the albedo in parts of
Greenland.

ID: 02229, 31.- Global Dust Deposition in Past, Present,
and Future Climates, (Oral)

Is light-absorbing particulate deposition increasing the
melt of Svalbard glaciers?

Meri Ruppel1 , Jonas Svensson’ , Johan Strém’ , Elisabeth
Isaksson” , Atte Korhola® 1) University of Helsinki, Finland
2) Finnish Meteorological Institute, Finland 3) Stockholm
University, Sweden 4) Norwegian Polar Institute, Norway
* Meri Ruppel, meri.ruppel@helsinki.fi

Black carbon (BC) and mineral dust are natural and
anthropogenic, mainly light-absorbing particles with
strong climate warming efficiency. Their climate impacts
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ID: 01866, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Orbital-scale variations in Indo-Pacific hydroclimate
during the mid- to late Pleistocene from Lake Towuti,
Indonesia

James Russelll, Hendrik Vogel2 , Satria BijaksanaS, Martin
Melles*, Towuti Drilling Project Science Team >1)
Department of Earth, Environmental, and Planetary
Sciences, Brown University, Providence, Rl 02912, USA 2)
Institute of Geological Sciences and Oeschger Centre for
Climate Change Research, University of Bern, 3012 Bern,
Switzerland 3) Faculty of Mining and Petroleum
Engineering, Institut Teknologi Bandung, Bandung 40132,
Indonesia 4) Institute of Mineralogy and Geology,
University of Cologne, 50674 Koéln, Germany 5)
* James Russell, James_Russell@Brown.edu

The Indo-Pacific Warm Pool plays a critical role in the
Earth’s climate system. Changes in local insolation,
greenhouse gas concentrations, ice volume, and local sea
level are all hypothesized to exert a dominant control on
Indo-Pacific hydroclimate, yet existing records exhibit
fundamental differences in the timing and amplitude of
orbital-scale  hydroclimatic changes, limiting our
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understanding of the regional climate responses to
orbital-scale forcings.

In 2015 we drilled over 1,000 meters of sediment core
from Lake Towuti, located on the island of Sulawesi, near
the equator in central Indonesia, one of the only
terrestrial sedimentary archives in the region that
continuously spans multiple glacial-interglacial
cycles. Previously published organic geochemical
reconstructions of vegetation from relatively short, ~60
kyr long piston from Lake Towuti exhibit strong drying
during the Last Glacial Maximum, suggesting that central
Indonesian hydroclimate is highly sensitive to forcing
from  high-latitude ice-sheets. New, inorganic
geochemical and mineralogical reconstructions of lake
level also indicate a half-precessional climate signal
during the last 60 kyr in which low lake levels occur
during spring and fall perihelia. This response is opposite
that of nearby speleothem records from northern
Borneo, suggesting strong hydroclimatic gradients over
the IPWP in response to equatorial insolation
changes. Comparison of these results to climate model
simulations indicates that these precipitation gradients
may result from seasonal changes in the Walker
Circulation. However, the short length of our existing
records limits our understanding of the regional
hydroclimatic response to the full range of global climate
boundary conditions experienced during the late
Quaternary. This presentation will discuss results from
the last 60 kyr and present new isotopic and geochemical
reconstructions from the upper ~100 m of core from Lake
Towuti, spanning the last ~500 kyr BP.
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chronicle, the presence of pastures was reconstructed
through ancient DNA, which suggested that the flood
chronicle was mainly driven by hydroclimate variability.
Weather reanalysis of historical floods suggested that
mesoscale precipitation events called “East Return”
events were the main triggers of the floods recorded in
the Savine sequence. The first part of the Savine
palaeoflood record (6 to 4 kyr BP) was characterized by
increases in flood frequency and intensity in phase with
Northern Alpine palaeoflood records. By contrast, the
second part of the record (i.e., the last 4 kyr BP) was
phased with Southern Alpine palaeoflood records. These
results suggest a strong palaeohydrological transition at
approximately 4 kyr BP, as has been previously described
in the Mediterranean region. This may have resulted in
an abrupt change in the flood-prone hydro-
meteorological processes, i.e., in the balance between
the occurrence and intensity of local convective
phenomena and the influence of Mediterranean
mesoscale precipitation events in this part of the Alps. At
the centennial timescale, increases in flood frequency
and intensity corresponded to periods of solar minima,
affecting the climate through atmospheric changes in a
large European Atlantic sector.

ID: 01461, 16.- Multidisciplinary reconstruction of
paleofloods, (Oral)
Timescale-dependent interplays of solar and

temperature forcing to explain a 6-kyr record of flood
frequency and intensity in the western Mediterranean
Alps

Pierre Sabatierl, Bruno WiIheImZ, Francesco Ficetola3,
Fanny Moirouxl, Jérome Poulenardl, Adeline Bichetz,
Wentao Chen3, Jean-Louis Reyssl, Ludovic Giellya,
Manon Bajard1 , Pierre Taberlet3, rn Arnaud’ 1) EDYTEM,
Université Savoie Mont Blanc, CNRS, F-73000, Chambéry,
France 2) LTHE, Université Grenoble Alpes, CNRS, F-
38000 Grenoble, France 3) Laboratoire d’Ecologie Alpine,
Université Grenoble Alpes, CNRS, F-38000 Grenoble,
France * Fabien Arnaud, fabien.arnaud@univ-smb.fr

The high-resolution sedimentological and geochemical
analysis of lake sediment sequence (Lake Savine) from
the Western Mediterranean Alps led to the identification
of 220 event layers over the last 6,000 years. 200 were
triggered by flood events and 20 by underwater mass
movements possibly related to earthquakes that
occurred in 5 clusters of seismicity over this period.
Because human activity could influence the flood
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ID: 01424, 26.- Data Stewardship for Paleoscience, (Oral)

The ACER pollen and charcoal database: a global
resource to document vegetation and fire response to
abrupt climate changes during the last glacial period

Maria Fernanda Sanchez Gofi', Stéphanie Despratl,
Anne-Laure Daniauz, Franck Bassinot3, Josué Moisés
Polanco-Martinez’, Sandy P. Harrison® 1) UMR EPOC,
EPHE Research University, Université de Bordeaux, F-
33615 Pessac, France 2) UMR EPOC, CNRS, Université de
Bordeaux, F-33615 Pessac, France 3) LSCE/IPSL, CEA-
CNRS-UVSQ, Université Paris-Saclay, F-91191, Gif-sur-
Yvette, France 4) School of Archaeology, Geography and
Environmental Sciences (SAGES), Reading University,
Whiteknights, Reading, RG6 6AB, UK * Maria
Fernanda Sanchez Goiii, mf.sanchezgoni@epoc.u-
bordeauxl.fr

Investigation of the impact of past abrupt climate
changes on vegetation cover, including wetland extent,
and fire activity is important for understanding the rapid
and extremely large, by ca 200 ppbv, changes in last
glacial atmospheric CH, concentrations and the potential
climate feedback. The velocity and magnitude of these
changes, specifically the extremely rapid warming events,
are comparable to the expected magnitude and velocity
of 21% century climate warming, and there is also
considerable concern whether this change is too fast to
allow vegetation to adapt or migrate to climatically
suitable locations. Global environmental reconstructions
for the last glacial period based on extensive pollen and
charcoal datasets are therefore needed for a better
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analysis of the relationships between vegetation, fire and
climate. Reconstructions published so far are based on
records with independent, non-aligned chronologies,
potentially leading to artificial discrepancies. Data
compilations and synoptic reconstructions are also
needed for evaluating model experiments simulating
regional vegetation/fire/climate interactions resulting
from freshwater forcing of oceanic circulation under
glacial conditions. Here we present the ACER (Abrupt
Climate Changes and Environmental Responses) database
which is composed of 93 well-resolved pollen records
(temporal resolution better than 1,000 years ) distributed
worldwide, 32 of which include charcoal data as well.
These records cover all or part of the last glacial period,
from 73 to 15 ka. Where possible a harmonized
chronology was constructed based only on radiometric
dating (86 records; e, B40/%°Th, osL, “°Ar/*°Ar dated
tephra layers). In some cases we were obliged to use a
series of common control points based on event
stratigraphy. The dataset is archived in Microsoft
Access™" with metadata including geospatial and dating
information, pollen and charcoal counts and pollen
percentages of the characteristic biomes. The compiled
data will be available at PANGAEA.
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extraordinary floods which produced damages of
buildings and hydraulic infrastructure; M3: catastrophic
floods which caused very severe damages, fatalities and
partial or complete destruction of settlements. A damage
intensity of +1 magnitude was added up when the event
was recorded from more than one sub-basin or stretch,
which  were previously defined according to
physiographic and topographic criteria.

According to the analysis of synoptic atmospheric
situations during catastrophic events, flooding is
frequently caused by heavy precipitation generated by
cold drops which are Upper Level Lows that are closed
cyclonically circulating eddies in the middle and upper
troposphere and which generate strong rainfalls in the
Mediterranean basin. This situation occurred during the
floods in 1879, 1884, 1924, 1973, 1989 and 2012.

ID: 01581, 16.- reconstruction of

paleofloods, (Oral)

Multidisciplinary

Historical flood analysis of river catchments in south-
eastern Spain

Carlos  Sénchez-Garcia® , Lothar Schultel, Filipe
Carvalho', Juan Carlos Pefia’ 1) University of Barcelona 2)
Meteorological Service of Catalonia * Carlos Sanchez-
garcia, carloscerralbo@hotmail.com

Although south-eastern Spain is the driest region in
Europe, floods are a very destructive phenomena
because of their high peak discharges, sediment
transport and aggradation processes in the flood plain.
Fatalities and economic losses such as damage of
infrastructure and buildings were recorded during recent
years (e.g. 1,500 million Euros in 2012). Despite of
possible effects of increasing exposition and vulnerability,
the compilation of historical floods from written and
factual sources demonstrated that also during historical
times, hydrological extreme events affected people and
settlements in south-eastern Spain. For instance, in 1580
the town Albox were completely destroyed by
catastrophic flooding.

To reconstruct floods in the Almanzora and Antas river
basins (2600 and 260 kmz) during the last 500 years, data
compilation from primary sources were undertaken in
the municipal archives of the towns of Vera, Cuevas del
Almanzora and Antas. To assess the magnitude and
frequency of flood events, the following categories of
flood intensities were established. Magnitude 1 (M1):
ordinary floods that affected only agriculture plots; M2:
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ID: 02335, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

Long-term growth and establishment dynamics of high
elevation Pyrenean forests

Gabriel SangUesa-Barredal, Jesus Julio Camarerol, ulf
B(]ntgen2 1) Instituto Pirenaico de Ecologia (IPE-CSIC),
Zaragoza, Spain 2) Dept. Geography, Univ. Cambridge, UK
* Gabriel Sangliesa-barreda, gsanguesa@ipe.csic.es

It is expected that climate warming will enhance radial
growth and establishment of high-elevation forests at
cold regions. In addition, climate warming could induce
altitudinal shifts of alpine treeline elevation by improving
growth and establishment, either through enhanced
germination rates and/or through decreased mortality
rates. However, climate change could also increase the
frequency of extreme climatic events as cold spells or
warm-dry conditions which could negatively affect tree
growth and establishment at high elevations. Despite the
synergistic effects of all these climate drivers on the long-
term growth and regeneration dynamics of high-
elevation forests, these links have been poorly studied
along long-term scales. Here, we use dendrochronology
to reconstruct the centennial growth and establishment
dynamics of relatively undisturbed Pyrenean high-
elevation forests dominated by Pinus uncinata in Gerber,
north-eastern Spain. We sampled and cross-dated wood
disks and cores with piths to establish the germination
rate of 581 trees and to reconstruct their radial growth.
The establishment patterns during the best-replicated
period (1270-1970) were reconstructed using 30-year
long classes. Finally, we fitted a power function to these
data assuming a variable mortality rate. The residuals
of the power function were related with a air
temperature global reconstruction based on non-
dendrochronological proxies to avoid circular reasoning.
We detected low establishment periods from 1550 to
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1750, with drops in the 1630s, 1700s and 1850s, which
coincided with cold conditions such as those observed
during the late Little Ice Age. Periods with high
establishment levels occurred from ca. 1400 to 1500 and
in the early 14th and 19th centuries. We also observed
that the establishment was positively related to
reconstructed air temperatures, which indicates that the
local establishment patterns of high-elevation forests
respond to local and regional changes in temperatures.
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ID: 02022, 25.- Palaeoenvironments of Africa: Pliocene to
Present, (Oral)

The Chew Bahir record: half a million years of
environmental history from southern Ethiopia

Frank Schaebitzl, Asfawossen Asratz, Henry F. Lambs,
Martin H. Trauth4, Verena Foersterl, Christina GUnter4,
Finn Viehbergs, Helen M. Robertsa, Melissa S. Chapota,
Melanie J. Lenge, Jonathan R. Deans, Alan Deino’ 1)
Institute of Geography Education, University of Cologne,
50931 Koln, Germany 2) School of Earth Sciences, Addis
Ababa University, P.O. Box 1176, Addis Ababa, Ethiopia 3)
Department of Geography and Earth Sciences,
Aberystwyth University, Aberystwyth SY23 3DB, UK 4)
University of Potsdam, Institute of Earth and
Environmental Science, Potsdam, Germany 5) Institute
for Geology and Mineralogy, University of Cologne,
50674 Koéln, Germany 6) British Geological Survey,
Keyworth, Nottingham, UK 7) Berkeley Geochronology
Center, Berkeley, USA

* Frank Schaebitz, frank.schaebitz@uni-koeln.de

Chew Bahir is a deep tectonic basin and climate archive in
the Southern Ethiopian Rift, close to the Lower Omo
valley, site of earliest known fossil of anatomically
modern humans. The Chew Bahir sedimentary deposits
were cored in Nov-Dec 2014 as part of the Hominin Sites
and Paleolakes Drilling Project (HSPDP) and the
Collaborative Research Center (CRC806) “Our Way to
Europe”. Two overlapping cores (280 m and 270 m long)
of mostly clayey silts, were collected, which cover the last
550,000 years, dated by Ar/Ar on cryptotephra. The
composite record presented here was constructed by
using MSCL, XRF and lithologic data, providing a potential
archive of environmental history during the evolution and
dispersal of anatomically modern humans. Initial
sedimentological and geochemical results show that the
Chew Bahir deposits respond sensitively to changes in
moisture by sediment influx, provenance, transport and
diagenetic processes, evident from mineralogy,
elemental concentration and physical properties. The
potassium record for example clearly traces the African
Humid Period. Therefore, the Chew Bahir record will
allow us to test different hypotheses concerning the
influence of environmental change on the development
and dispersal of Homo sapiens and his technological
innovations such as Middle Stone Age tools.

ID: 01491, 22.- Understanding past variations in
atmospheric greenhouse gases to constrain future
feedbacks in the Earth System, (Invited Oral)

Stable Isotope Changes of atmospheric N20 during the
last 150 kyrs: What the ice core record may tell us about
terrestrial and marine N20 emissions

Jochen Schmittl, Matthias Baumgartnerl, Olivier
Eicherl, Barbara Sethl, Jonas Beckl, Fortunat Joosl,
Hubertus Fischer® 1) Climate and Environmental Physics
& Oeschger Centre for Climate Change Research
University of Bern

* Jochen Schmitt, schmitt@climate.unibe.chN,0 and CH,
reconstructions from ice cores show close variations to
climatic shifts. For N,O, conceivable feedbacks from a
warmer world, for example by intensified nitrogen
turnover in soils, are assumed to be less spectacular than
for CH,;. Because bioavailable nitrogen often limits
production in both terrestrial and marine ecosystems and
energy is needed to fix atmospheric N, it is recycled and
only a small fraction is lost in each cycle. As N,O is an
inevitable by-product during the mineralization of
biomass, N,O emissions scale with the carbon turnover
and plant primary production. Terrestrial ecosystems
under warmer conditions and higher CO, could speed-up
global carbon turnover and thus N,O emissions. Yet, our
knowledge on the driving parameters of past N,O
emissions is very limited. Knowing the evolution of N,O in
the past as well as the lifetime of N,O enables us to
quantify the overall terrestrial and marine N,O emissions
and its temporal evolution quite well. Yet, the individual
shares between terrestrial and marine emissions are less
constrained and rely on basic bottom-up estimates and
differences in the isotopic signature of the sources.
Measurements of nitrogen and oxygen isotopes in N20
can help us to quantify this share and its temporal
changes. We present an ice core record of the nitrogen
and oxygen isotopic composition of N,O over the last 150
kyr including highly resolved millennial-scale variations,
the latter showing surprisingly little change in isotopic
signatures. However, we find significant long-term
variations in 615N-N20, which are not reflected in
accompanying changes in 5'%0-N20. This decoupling
shows that the isotopic variations cannot be explained by
a change in the terrestrial and marine source mix alone,
but could be related to changes in the isotopic source
signatures or changes in the efficiency of nitrogen
turnover.
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ID: 01443, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Oral)

Comprehensive comparison of bottom water dissolved
inorganic carbon 613C and epibenthic foraminifer 613C
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in the global ocean: a test of the canonical one-to-one
relationship

Andreas Schmittnerl, Julia Gottschalkz, Helen B.
Bostocks, Olivier Cartapanis4, William B. Currys, Helena
L. FiIipssonG, Eric D. Galbraith7, Juan C. Hergueras,
Samuel L. Jaccardz, Lorraine Lisickig, David C. Lundw,
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Atmospheric Sciences, Oregon State University, Corvallis,
Oregon, USA 2) Institute of Geological Sciences and
Oeschger Center for Climate Change Research, University
of Bern, Switzerland 3) National Institute of Water and
Atmospheric Research, Wellington, New Zealand 4)
Institute of Geological Sciences and Oeschger Center for
Climate Change Research, University of Bern, Switzerland
and Department of Earth and Planetary Sciences, McGill
University, Montreal, Canada 5) Bermuda Institute of
Ocean Sciences, 17 Biological Station, St. George’s GE 01,
Bermuda and Department of Geology and Geophysics,
Woods Hole Oceanographic Institution, Woods Hole,
Massachusetts, USA 6) Department of Geology, Lund
University, Lund, Sweden 7) Institut de Ciéncia i
Tecnologia Ambientals (ICTA), Universitat Autonoma de
Barcelona, 08193 18 Barcelona, Spain and ICREA, Pg. Lluis
Companys 23, 08010 Barcelona, Spain 8) Oceanologia,
Centro de Investigacién Cientifica y de Educacion
Superior de Ensenada, Ensenada, Baja California, México
9) Department of Earth Sciences, University of California,
Santa Barbara, USA 10) Dept. of Marine Sciences,
University of Connecticut - Avery Point, USA 11) MARUM-
Center for Marine Environmental Sciences, University of
Bremen, Bremen, Germany; School of Earth and
Atmospheric Sciences, Georgia Institute of Technology,
Atlanta, Georgia, USA; Alfred-Wegener Institute for Polar
and Marine Sciences, Bremerhaven, Ge

* Julia Gottschalk, julia.gottschalk@geo.unibe.ch

The carbon isotope composition (6°C) of dissolved
inorganic carbon (DIC) in the ocean provides valuable
insight on ocean circulation changes, air-sea gas
exchange, the efficiency of the biological organic carbon
pump, and therefore the global carbon cycle. Seawater
8C is believed to be captured by the 8°C of fossil
epibenthic foraminifera in a one-to-one manner, but
numerous processes are known that may bias epibenthic
foraminifer §C (e.g. phytodetritus- and microhabitat
effects). We present a compilation of 1,611 8C
observations of epibenthic foraminifera of the genera
Cibicides and Cibicidoides (including 30% of unpublished
data) from late Holocene sediments (6"Cgpnat), and
compare those with newly updated estimates of the
natural (pre-industrial) water-column &%C of DIC
(513CD|Cnat) as part of the international Ocean Circulation
and Carbon Cycling (OC3) project. Using selection criteria
based on the spatial distance between samples we
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observe high correlation between Slgcabnat and 513CD|Cnat,
confirming previous studies. We have tested several
multi-variant linear regression models and find significant
carbonate ion- and pressure effects. Based on these
findings, we propose a new global calibration for
predicting {SBCD,CMt from 613C0bnat, which reduces some
uncertainties associated with an often applied one-to-
one translation of lSBCCibnat into élgcmchat. The remaining
standard error is significantly larger in the South Atlantic
(0=20.4 %o) than the global mean average (0=0.25 %o).
We discuss possible sources of this error, and emphasize
that a better understanding of uncertainties associated
with epibenthic 8c analyses may improve the accuracy
of future seawater 613CD|Cnat-, and hence global carbon
cycle, reconstructions.
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ID: 02203, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

An independent record of large volcanic events over the
past millennium from reconstructed summer
temperatures

Lea Schneider® , Jason E. Smerdonz, Felix Pretis3, Claudia
HartI-Meier4, Jan Esper4 1) Department of Geography,
Justus Liebig University, Giessen, Germany 2) Lamont-
Doherty Earth Observatory of Columbia University,
Palisades, New York, USA 3) Programme for Economic
Modelling, INET at the Oxford Martin School, University
of Oxford, Oxford, UK 4) Department of Geography,
Johannes Gutenberg University, Mainz, Germany
* Lea Schneider, l.schneider@geo.uni-mainz.de

Ash layers in polar ice-sheets represent the only
continuous records of volcanism during the last
millennium. The amount of deposited sulfate aerosols
has been used widely to reconstruct volcanic forcing and
to assess its climatic impact. Changes in the
interpretation and composition of stacked ice-core
records, however, resulted in discrepancies among
different studies regarding the magnitude and timing of
volcanic events. Although links to other archives, such as
historic documents and tree rings, were often used to
constrain the ice-core information, these resources
concurrently manifest the uncertainties in the ice-core
derived data. Here, we present a new record of large
volcanic  eruptions derived independently from
hemispheric temperature estimates based on tree ring
density data. An increasing network of this less common
but more responsive temperature proxy stimulated a
series of new large-scale temperature reconstructions,
including a spatially resolved approach. We show that in
one of these reconstructions our detection algorithm can
distinguish the characteristic cooling subsequent to
volcanic eruptions from internal variability in at least 14
cases throughout the last millennium. These cooling
events mostly agree well with the latest ice-core derived



ABSTRACT BOOK

reconstruction, but suggest different dates for some of
the biggest events. The tree-ring derived estimates reveal
a different history of volcanic forcing especially in the
1450s and 1690s. Using the detected volcanic events for
evaluating the mean cooling effect indicates a stronger
and more accentuated response than was previously
found using ice-core based event years. Applying the
detection algorithm to model simulations vyields less
robust results despite a likely overestimated volcanic
forcing in some model runs. More insight in the
agreement between the simulated and reconstructed
responses to volcanic eruptions might be achieved in a
spatial approach analyzing selected areas, like Arctic or
monsoon regions.

Zaragoza, Spain, 9-13 May 2017

PAGES —OSM 2017

data from stations in the Cajas National Park be used to
draw a conclusive picture about the atmospheric
conditions producing flood layers? Do these layers really
reflect variations in ENSO over the past two millennia?
And if so, which events (El Nifio or La Nifia) caused these
layers?

This study contributes to PAGES-2k-South America.

ID: 01969, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

High-resolution flood history in lake sediments from SW
Ecuador of the past two millennia: El Nino or not?

Tobias Schneider®, Martin Grosjean1 1) Oeschger Centre
for Climate Change Research and Institute of Geography,
University of Bern, Bern, Switzerland

* Tobias Schneider, tobias.schneider@giub.unibe.ch

ENSO is a top priority in current climate change research
and globally relevant, not only for weather but also for
ecosystems and society.

Rodbell et al. (1999) and Moy et al. (2002) related clastic
layers in a sediment core from Lake Pallcacocha, SW
Ecuador, with El Nifio events. They argued that these
events, which increase convection over the Pacific Ocean,
lead to enhanced precipitation on the western side of the
Andes (based on precipitation data from the station
Guayaquil on the Pacific Ocean shore). They hypothesized
that heavy precipitation events intensify river discharge
and enhance watershed erosion, creating flood-event
layers in Lake Pallcacocha’s sediments.

However, Lake Pallcacocha lies on the eastern side of the
highest Andean Ridge, and several authors showed that
ENSO impacts areas on the eastern side of the Andes
differently: El Nifio events weaken (wet) easterly winds
and strengthen (dry) westerly wind flows, ultimately
leading to less precipitation. In contrast, La Nifa
conditions intensify easterly winds (SASM; wet) and
weaken the dry westerly wind flows, which leads to
increased precipitation on the eastern side of the Andes
and would promote event layers in the sediments of Lake
Pallcacocha.

The present study is based on non-destructive (uXRF,
hyperspectral imaging) and destructive lake sediment
core analysis from three different lakes (Pallcacocha,
Llaviucu, Fondococha), all containing clastic layers. Is the
flood history (frequency) consistent in these three lakes
for the past ca. 1500 years? Can the newly available
synoptic meteorological data and the new precipitation

ID: 02329, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

The view from the edge: mammalian turnover and
abrupt climate change during the Lateglacial in Britain

Danielle Schreve' 1) Department of Geography, Royal
Holloway University of London, UK

* Danielle Schreve, Danielle.Schreve@rhul.ac.uk

The rapid climatic fluctuations of the Last Glacial-
Interglacial transition produced a major re-ordering of
the mammalian faunas of northwestern Europe, resulting
in aggregations of extinct and extant taxa that are
frequently referred to as ‘disharmonious’, by comparison
to their present day biogeography. Nevertheless, the
combined problems of poor resolution and chronology
have hitherto made it difficult to establish whether the
patterns of mammalian turnover observed are really
synchronous with the climate changes recorded in long
terrestrial records such as the Greenland ice cores and
whether the apparent co-existence of species that are
not sympatric today is genuine, or a mere artefact of the
record. This has hampered our understanding of (i) the
mode and tempo of faunal movement, (ii) of potential
leads and lags between different parts of Europe and (iii)
of regional extinction chronologies during this complex
period. Using evidence from new archives based on
British cave sequences, the presentation will examine the
capacity of mammalian taxa to withstand abrupt climate
change during the Lateglacial and evaluate the role of
cryptic northern (micro)refugia at the very margins of the
North Atlantic.
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ID: 01811, 16.- of

paleofloods, (Oral)

A PAGES Floods WG pilot project: integration of
multidisciplinary datasets to reconstruct a
comprehensive paleoflood picture in the Bernese Alps

Multidisciplinary reconstruction

Lothar Schultel, Oliver Wetterz, Bruno Wilhelm3, Juan
Carlos PeﬁaA, Lukas GIurS, Benjamin Amann6, Stefanie B.
Wirth’, Filipe Carvalho' 1) Fluvalps-PaleoRisk Research
Group, Department of Geography, University of
Barcelona, Spain 2) Section of Economic-, Social- and
Environmental History & Oeschger Centre for Climate
Change Research, University of Bern, Switzerland 3)
University Grenoble Alpes, CNRS, IRD, Institute of
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Geosciences and Environment, F-38000 Grenoble, France
4) Meteorological Service of Catalonia, Barcelona, Spain
5) Helvetia - Swiss Insurance Company, Switzerland 6)
Department of Geography and Planning, Queen's
University, Kingston, Canada 7) Centre for Hydrogeology
and Geothermics (CHYN) University of Neuchatel,
Switzerland * Lothar Schulte, schulte@ub.edu

In the context of global warming, the generation of long
series of paleofloods and their transfer to relevant public
agencies is crucial for an accurate flood risk assessment.
However, the integration of multi-archive flood records
at a regional scale is complex, not only due to statistical
processing of inhomogeneous data sets (accuracy,
frequencies), but also because of the nature, thresholds
and sensitivity of archives and processes.

The case study in the Bernese Alps aims to (i) develop an
innovative approach integrating flood data from flood
plain and lake sediments, historical sources and
bioindicators, (ii) model paleoclimate during flood-rich
periods, and (iii) reconstruct a comprehensive picture of
the flood variability and forcing in a densely populated
mountain area.

Based on the combined flood data sets of the Hasli-Aare,
Latschine and Kander catchments and lakes Grimsel,
Oeschinen and Thun, periods of higher paleoflood
frequency and related atmospheric circulation modes
were identified.

Regarding the last centuries, where calibration by
historical data is performed, periods of synchronous
flood activity (1320-1350, 1430-1490, 1800-1860, around
1920 AD) alternate with periods of asynchronous flood
response among sites (16th to 18" c.). We attribute these
patterns to differences of local hydrologic regimes
influenced by (i) physiographic parameters such as size,
altitude, storage and connectivity of basins, and by (ii)
climatic parameters such as precipitation type, spatial
distribution, duration and intensities. However, other
factors as gravity processes and land-use may modify the
flood signal. Despite of the difficulties to implement
magnitude-frequency analysis in mountain catchments,
paleo peak discharges were estimated by (i) comparison
of flood damage indices with instrumental discharges and
(i) hydraulic modeling based on historical and
lichenometric flood levels.

The methodological progress and outcomes of the
project will stimulate other initiatives within the PAGES
Floods WG and promote future studies that will cover
larger spatial scales.
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University of Edinburgh, Crew Building, Alexander Crum
Brown Road, Edinburgh EH9 3FF, United Kingdom 2)
Dept. of Meteorology & Earth and Environmental
Systems Institute, Pennsylvania State University, State
College, PA 3) NCAS-Climate, Dept. of Meteorology,
University of Reading, Reading, United Kingdom
* Andrew Schurer, a.schurer@ed.ac.uk

During the Paris Conference of December 2015, nations
of the world strengthened the United Nations Framework
Convention on Climate Change by agreeing to hold “the
increase in the global average temperature to well below
2 °C above pre-industrial levels and pursuing efforts to
limit the temperature increase to 1.5 °C”. However,
neither the pre-industrial period nor baseline
temperatures were defined.

Here we use last millennium model simulations to
determine a global temperature baseline for “pre-
industrial”. We find that values are very dependent on
the period chosen and investigate the implications of
different choices of this baseline for the likelihood of
exceeding the two temperature thresholds under
different emission pathways. In particular, we highlight
that while avoiding breaching these limits is only
probable in an emission scenario with strong mitigation,
the probability of avoiding crossing 1.5°C and 2°C
thresholds is highly dependent on how the pre-industrial
baseline is chosen. For example, the probability, by the
end of the century, of crossing 1.5°C under the strongest
mitigation scenario, RCP2.6, varies from 55% to 82%
depending on how the baseline is defined. We also find
that calculations of the remaining carbon budget allowed
for threshold stabilisation are also highly dependent on
the pre-industrial baseline, with the current estimate
allowed for stabilisation at 2°C decreasing by as much as
40%.

ID: 02197,03.- Regional and transregional climate
variability over the last 2000 years, (Oral)
Importance of the Pre-Industrial Baseline in

Determining the Likelihood of Breaching the Paris Limits

Andrew Schurerl, Michael Mannz, Ed HawkinsS,
Gabriele Hegerll, Simon Tett’ 1) School of GeoSciences,
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ID: 01835, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

The mid-Piacenzian warm period in the Asian interior:
Assessing palaeoclimate variability with high-resolution
pollen records from the Qaidam Basin and Kunlun Pass

Florian Schwarzl, Ulrich Salzmannl, Xiaomin Fangz, Fuli
wu® , Jorg Pross’ , Erwin Appels, Junsheng Nie® , Carmala
N. Garzione7, Feng Cheng7, Richard V. Heermance® 1)
Department of Geography, Faculty of Engineering and
Environment, Northumbria University, Newcastle upon
Tyne, NE1 8ST, United Kingdom 2) Key Laboratory of
Continental Collision and Plateau uplift, Institute of
Tibetan Plateau Research, Chinese Academy of Sciences,
Beijing 100085, China 3) CAS Center for Excellence in
Tibetan Plateau Earth Sciences, Beijing 100085, China 4)
Institute of Earth Sciences, Ruprecht-Karls-Universitat
Heidelberg, Im Neuenheimer Feld 234, D-69120
Heidelberg, Germany 5) Department of Geosciences,
Center for Applied Geoscience, University of Tiibingen,
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Holderlinstr. 12, D-72074 Tibingen, Germany 6) Key
Laboratory of Western China’s Environmental Systems,
College of Earth and Environmental Sciences, Lanzhou
University, Lanzhou 73000, China 7) Earth and
Environmental Sciences, University of Rochester,
Rochester, NY 14627, USA 8) Department of Geological
Sciences, California State University, Northridge, CA
91330, USA

* Florian Schwarz, florian.schwarz@northumbria.ac.uk

The climate of the Asian interior is controlled by the East
Asian Monsoon providing warm and wet air directed
north and westwards in summer, and cold and dry air
directed south and eastwards in winter. During the mid-
Piacenzian warm period (mPWP; 3.264 - 3.025 Ma)
multiple palaeorecords indicate a strengthening of the
East Asian Winter Monsoon (EAWM) whereas the
response of the East Asian Summer Monsoon (EASM) is
subject of controversy. Being the main source of
precipitation for the Asian interior, it is of fundamental
importance to understand the intensity and variability of
the EASM during the warm Pliocene, which had climatic
conditions similar to what climate models predict for the
end of the 21%century. Our study reconstructs
vegetation and climate changes during the mPWP from
two sites located at the northwestern limit of the EASM
(Qaidam Basin, Kunlun Pass) using high-resolution pollen
records.

Preliminary results show that between 3.339 - 3.097 Ma
the vegetation in the western Qaidam Basin (SG-1b
drilling site) was dominated by xerophytic shrubland with
Chenopodiaceae and Artemisia spp. usually contributing
more than 50% of pollen grains. Broadleaved and
coniferous trees comprise only a small fraction, however,
they repeatedly reach 15-20% of the total pollen count
during short intervals that represent wetter periods
during the mPWP. Spectral analysis of
Artemisia/Chenopodiaceae  ratios as a relative
precipitation proxy suggests that palaeoprecipitation
changes are controlled by 100ka and 41ka orbital cycles.
A strong increase in coniferous trees and pollen
concentrations suggest a distinctly wetter phase around
3.17 Ma.

The palynogical results of the SG-1b record from the
western Qaidam Basin will be compared with a new
pollen record from the Kunlun Pass, allowing a high-
resolution temporal and spatial reconstruction of mid-
Piacenzian palaeomonsoonal changes in the Asian
interior.
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Christoph Schwérerl, Nadir Alvarezz, Felix Gugerlia,
Christoph Sperisens, Willy Tinner" 1) Institute of Plant
Sciences and Oeschger Centre for Climate Change
Research, University of Bern, Switzerland 2) Department
of Ecology and Evolution, University of Lausanne 3) Swiss
Federal Institute for Forest, Snow and Landscape
Research, Switzerland

* Christoph Schweérer, christoph.schwoerer@ips.unibe.ch

With ongoing and future climate change, plant species
are forced to either move, adapt or die. To test
hypotheses regarding recolonization pathways and
cryptic northern refugia as well as to study changes in the
genetic variability of tree species in the Holocene, we
propose to analyze ancient DNA (aDNA) from subfossil
plant remains conserved in lake sediment from the Swiss
Alps. We will apply a recently developed genetic method
using exome capture and RAD sequencing (HyRAD-X) to
identify single nucleotide polymorphisms (SNPs) in aDNA.
We will also sample present-day tree populations around
our study sites, to link the aDNA genotypes with current
genetic variation. In order to identify major demographic
changes in our focal species, we will also reconstruct local
to regional vegetation and fire dynamics using pollen,
macrofossils and charcoal analysis. We will combine
these paleoecological analyses with two different,
spatially explicit dynamic vegetation models (TreeMig &
LandClim), to test hypotheses regarding past range
expansions and simulate future vegetation dynamics. Our
aims are to 1) quantify the genetic relationship between
the first recorded tree species around our study sites and
the present-day populations, as well as to assess changes
in the allele frequency of putative adaptive alleles that
would indicate genetic adaptation to environmental
stressors; 2) analyze the genetic distance of the earliest
macrofossils between the study sites; 3) test previously
proposed recolonization pathways by identifying the
timing of paleoecologically inferred population
expansion; 4) compare the inferred population expansion
with model simulations to identify biotic and non-biotic
drivers of species dispersal and 5) quantify the impact of
climate and human land-use on the vegetation dynamics
in the Swiss Alps during the Holocene. This will help
ecosystem managers and conservation biologists to
protect multi-level biodiversity and maintain fragile

ID: 01951, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Oral)

Tracking Holocene genetic variability of Swiss mountain
forests using ancient DNA
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alpine ecosystems and their services for future
generations.
ID: 01510, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Hemispherically in-phase precipitation variability over
the last 1700 years using stalagmites from Madagascar

Nick Scroxtonl, Stephen J Burnsl, David McGeeZ, Ben
Hardtz, Laurie R Godreyl, Lovasoa Ranivoharimananas,
Peterson Faina’ 1) University of Massachusetts Amherst
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2) Massachusetts Institute of Technology 3) Université
d’Antananarivo * Nick Scroxton, nscroxton@umass.edu

In recent years, the schema of north-south translation of
the mean position of the Inter-Tropical Convergence
Zone (ITCZ) has become key in understanding tropical
monsoonal precipitation variability on orbital and
millennial timescales. Yet under the boundary conditions
and relatively modest climate forcing of the last two
thousand years this schema is at odds with the observed
pattern of southern hemisphere tropical climate
variability. While the South American Summer Monsoon
appears to operate under a north-south translation of the
ITCZ, the East Asian/Australian monsoon domain shows a
pattern of hemispheric symmetry, explained by
contraction and expansion of the tropical rain belt by
reduced/increased poleward motion of the ITCZ.
Additionally, regional precipitation patterns at these
centennial timescales resemble those of EI-Nifio Southern
Oscillation end members, suggesting a role for zonal
climate forcing. To shed light on the controls of tropical
monsoon variability, additional records from the
southern hemisphere are required. Here we present new
results using speleothems from Madagascar in the
understudied west Indian Ocean region.

Our new quasi-annual, precisely dated, 1700-year-long
speleothem record from Anjohibe cave, Madagascar
serves as a proxy for the strength of the northwestern
Madagascan monsoon. On the multi-decadal timescale,
our record is in phase with its northern hemisphere
monsoon counterpart from Oman. This is surprising as
north-south movement of the ITCZ should result in an
antiphase relationship. Further, the Madagascan record
correlates well with precipitation records from the Horn
of Africa on the centennial timescale. We discuss
potential causes of this regional coherency and how it
could relate to either symmetrical changes in continental
sensible heating, or to a low frequency sea surface
temperature climate mode in the equatorial west Indian
Ocean.
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better understand the biotic response to rapid
temperature change, we explore the community
turnover rates during the PHT by focusing on the Baltic
region in the southeastern sector of the Scandinavian Ice
Sheet, where an exceptionally dense network on
microfossil and macrofossil data that reflect the biotic
community history are available. We further use a
composite chironomid-based summer temperature
reconstruction compiled specifically for our study region
to calculate the rate of temperature change during the
PHT. The fastest biotic turnover in the terrestrial and
aquatic communities occurred during the Younger Dryas-
Holocene shift at 11700 years ago. This general shift in
species composition was accompanied by regional
extinctions, including disappearance of mammoth
(Mammuthus primigenius) and reindeer (Rangifer
tarandus) and many arctic-alpine plant taxa, such as
Dryas octopetala, Salix polaris and Saxifraga aizoides,
from the region. This rapid biotic turnover rate occurred
when the rate of warming was 0.17°C/decade, thus
slightly lower than the current Northern Hemisphere
warming of 0.2°C/decade. We therefore conclude that
the Younger Dryas-Holocene shift with its rapid turnover
rates and associated regional extinctions represents an
important palaeoanalogue to the current high latitude
warming and gives insights about the probable future
turnover rates and patterns of the terrestrial and aquatic
ecosystem change.

ID: 02224, 19.- Do species move, adapt or die? Exploring
past biodiversity, ecological change and community
dynamics in the fossil record, (Invited Oral)

Biotic turnover rates during the Pleistocene-Holocene
transition

Heikki Seppé’:i1 , Normunds Stivrins' 1) Department of
Geosciences and Geography, University of Helsinki

* Heikki Seppa, heikki.seppa@helsinki.fi

The Northern Hemisphere is currently warming at the
rate which is unprecedented during the Holocene.
Quantitative palaeoclimatic records show that the most
recent time in the geological history with comparable
warming rates was during the Pleistocene-Holocene
transition (PHT) about 14000 to 11000 years ago. To
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ID: 02331, 01.- Open Session on past global changes,
(Oral)

Hydroclimate forcing of deglacial landscape and
ecosystem changes in the American southwest

Timothy Shanahan', Nicholas McKay” 1) Department of
Geosciences, University of Texas at Austin 2) School of
Earth Sciences and Environmental Sustainability,
Northern Arizona University

* Timothy Shanahan, Tshanahan@jsg.utexas.edu

Over the past few decades, dramatic climate and
ecological changes across the southwestern United States
have highlighted the potential susceptibility of these
systems to natural and anthropogenic disturbance.
However, there continues to be a dearth of long, high-
resolution records needed to understand climate-
vegetation linkages across timescales and forcings. To
address this here, we present a new record of vegetation
and climate changes from variations in the carbon and
hydrogen isotope composition of sedimentary leaf waxes
in the sediments and sedimentary GDGTs in Hall’s Cave,
central Texas. Over the last 18,000 years, long-term
trends GDGT-derived temperature and &6D-inferred
precipitation changes are dominated by insolation
forcing, with cooler and wetter conditions during the late
glacial, peak temperatures and aridity occurring during
the early Holocene and a shift towards cooler and wetter
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conditions over the last three millennia. Superimposed
on these trends are a number of millennial-scale climate
shifts, the most dramatic of which were associated with
the warm/wet Bglling-Allergd and the cool/dry Younger
Dryas. Over the past ~14,500 yr BP, changes in 6D are
accompanied by variations in 613(3, reflecting shifts in the
proportion of C; plants in response to changes in rainfall.
These data highlight the sensitivity of grassland-
shrubland ecosystems in the American southwest to
changes in precipitation on millennial and longer
timescales and suggest that the expansion of woody
plants over the last century is not unusual. In contrast,
during the late glacial, when &D suggests wetter
conditions, 8"C indicates that summer grasses dominate
the landscape. This decoupling of precipitation and
vegetation changes suggests that other factors such as
the timing of precipitation or changes in atmospheric
CO,, had a greater influence on the vegetation makeup of
the southwestern United States during glacial times.
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ID: 02291, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Millennial and astronomically-driven changes in the
speed of Mediterranean Outflow along the last 250 Kyr
near the Strait of Gibraltar

Francisco Sierro* , David Hodell® , Nils Andersen’ , Blanca
Ausinl, Jose FIoresl, Francisco Jiménez-Espejo4, Andre
Bahers, Francisco Javier Hernandez Molina® 1) University
of Salamanca 2) University of Cambridge 3) University of
Kiel, Germany 4) JAMSTEC, Japan 5) Heidelberg University
6) Royal Holloway University, London
* Francisco Sierro, sierro@usal.es

Benthic and planktic foraminifer stable isotopes and
sediment sand content were analysed in IODP Hole
U1389 in the gulf of Cadiz in order to investigate the
evolution of the Mediterranean Outflow along the last
250 Kyr. Cyclical changes in sand content in the
sediment, ranging from 0 to 60%, were recorded along
the core. These fluctuations in sand content were linked
to changes in the speed of Mediterranean Outflow. The
elaboration of an accurate chronology based on the
benthic foraminifer oxygen isotope record allowed us to
relate these cyclical changes in the speed of the MOW to
precession—driven changes in Mediterranean climate and
tropical Monsoon . The amplitude of these changes is
larger in the interval from 150 to 250 kyr were precession
variability is higher.

In addition to the astronomically-driven changes, MOW
variability is also affected by millennial-scale climate
variability. At times of cold stadials the MOW was more
intense at the depth of site U1389, whereas during warm
interstadials a weak MOW was recorded. However, this
pattern is not observed during the cold stadials of
Heinrich events.

ID: 01832, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Global volcanism during the Holocene: Why do we care
and what do we need?

Michael Sigll, Joe McConnell*, Andrea Burke®, Jihong
CoIe-Dai4, Siwan Daviess, Hubertus FischerG, Kurt
Nicolussi7, Gill PIunkettS, Mirko Severig, Matthew
Toohey10 1) Laboratory of Environmental Chemistry, PSI,
Switzerland 2) Desert Research Institute, Reno, USA 3)
Department of Earth and Environmental Sciences,
University of St. Andrews, St. Andrews, UK 4) South
Dakota State University, Brooking, USA 5) Swansea
University, Swansea, UK 6) Climate and Environmental
Physics, University Bern, Bern, Switzerland 7) Institute of
Geography, University of Innsbruck, Innsbruck, Austria 8)
School of Geography, Archaeology and Palaeoecology,
Queen's University Belfast, Belfast, UK 9) Chemistry Dept.
10) GEOMAR Helmholtz Centre for Ocean Research Kiel,
Germany * Michael Sigl, michael.sigl@psi.ch

The observational record of the timing of volcanic
eruptions, their location, magnitude of sulphate aerosol
injection and its atmospheric life-cycle is often
incomplete, with gaps in our record of past volcanic
activity increasing dramatically before the Modern (pre-
1800 AD) era. This shortage in observational data
strongly limits our understanding of the sensitivity of the
Earth system to volcanic activity and the vulnerability of
social and economic systems to the climate impact of
past and future volcanic eruptions.

Here we present data on the timing, magnitudes and (in
cases) potential source locations of volcanic eruptions for
the past 11,700 years by employing novel, precisely
dated, high-time resolution aerosol measurements from
ice cores, including the WAIS Divide ice-core from West
Antarctica. We thereby place trends of volcanic activity
observed during the most recent centuries into a multi-
millennial perspective allowing firm quantification of the
recurrence intervals of large volcanic eruptions such as
those of Samalas 1257 AD and Tambora 1815 AD, or the
unattributed event in 1458 AD, imposing a potential
threat to future economies and human societies. We also
discuss limitations and possibilities to extract additional
important eruption parameters determining the climatic
impact (e.g. injection height, season, location) from past
eruptions using state-of-the-art and novel methods to
analyze ice cores.
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ID: 02217, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Abrupt Dansgaard-Oeschger warming
Greenland: d180 model-data comparison

events in
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Louise Sime' , Rachael Rhodesz, Peter Hopcroft3 1) British
Antarctic Survey, UK 2) University of Cambridge, UK 3)
University of Bristol, UK * Louise Sime, Isim@bas.ac.uk

Understanding of millennial-scale DO variability of the
last ice-age remains limited, with no universally accepted
theory of how these extremely rapid warming events
occur. The Greenland ice core d180 records constitute
the archetypal record of abrupt climate variability from
the last glacial period. Considerable uncertainty about
the relationship between local climate and the ice-core
record of d180 remains. Both in terms of the contribution
of seasonality changes and the relative importance of
remote versus distant environmental controls.

Here, we use modelling of d180 as a tool to help interpret
the Greenland ice core records of DO-events. We
perform an ensemble of multi-century isotope-enabled
simulations with a coupled general circulation model, to
investigate the nature of the signal contained in the
d180 records. Experiments are set up using an isotope-
enabled version of the Hadley Centre HadCM3 model.
The set-up of our DO-type simulation to enable
emulation of a salt oscillator type DO mechanism,
whereby salt is progressively lost to the North Atlantic
during stadial periods, and the onset of an abrupt
warming when the oscillation occurs, and salt returns to
the North Atlantic from the tropical Atlantic and wider
global ocean. We run a set of 24 such simulations.

Our modelled d180 increases are in agreement with the
magnitude of the measured Greenland ice core abrupt
rises in d180. The seasonal cycle of precipitation and
d180 do both change during DO event: a substantially
larger proportion of precipitation falls over the ice core
sites during cold months under the warmer interstadial
climate. We find however that changes in precipitation
seasonality are not so important in driving the majority of
the geographical variability in d180 across Greenland. We
also demonstrate that DO sea ice changes have a larger
impact on d180 changes, compared to site temperature
control.
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anthropogenic warming. However, this conclusion is
derived from emissions scenarios dominated by rapidly
increasing radiative forcing to the year 2100, which is too
short a time scale to expect to see full responses from
components of Earth’s climate with high inertia, such as
the oceans and ice sheets. We use U/Pb-dated Late
Miocene and Pliocene speleothem palaeoclimate data
(representing equilibrium precipitation responses to past
climate warming) and CMIP5 climate simulations
extending to 2300 CE (in which Earth\'s climate initially is
far out of equilibrium with rapidly rising radiative
forcing), to demonstrate the potential for a very different
outcome — that Southern Hemisphere subtropical drying
reverses, and precipitation begins to rise, soon after
greenhouse gas emissions stabilise. Our results suggest
that 21st C. Southern Hemisphere subtropical drying may
partly be driven by steepening of meridional temperature
gradients, rather than by warm climates per se, as sea
surface temperatures rise more rapidly in the tropics
than at southern high latitudes. Subtropical drying may
therefore be a transient response to warming that will
dominate during this century but may reverse in the
subsequent centuries as ‘slow’ climate feedbacks
equilibrate with higher temperatures. Beyond the 21st
century, subtropical latitudes may increasingly
experience the wetter hydroclimates that characterised
past warm climate states.

ID: 02098, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

Palaeodata and model
projected subtropical
response to warming

simulations suggest that
drying may be a transient

Kale Snidermanl, Jon Woodheadl, John HeIIstroml,
Russell Drysdalel, Josephine Brownz, Katja Lorbacherl,
Roland Maas', Malte Meinshaussenll) University of
Melbourne, Parkville, Victoria, Australia 2) Bureau of
Meteorology, Docklands, Victoria, Australia

* Kale Sniderman, kale.sniderman@unimelb.edu.au

Climate projections and observations over recent
decades indicate that precipitation in subtropical
latitudes will decline in the near future, in response to
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ID: 02126, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Quantitative Modeling of  Human-Environment

Interactions in Preindustrial Time

Philipp S. Sommer', Jed O. Kaplan'1) University of
Lausanne * Philipp Sommer, philipp.sommer@unil.ch

Quantifying  human-environment interactions and
anthropogenic influences on the environment prior to
the Industrial revolution is essential for understanding
the current state of the earth system. This is particularly
true for the terrestrial biosphere, but marine ecosystems
and even climate were likely modified by human
activities centuries to millennia ago. Direct observations
are however very sparse in space and time, especially as
one considers prehistory. Numerical models are
therefore essential to produce a continuous picture of
human-environment interactions in the past. Agent-
based approaches, while widely applied to quantifying
human influence on the environment in localized studies,
are unsuitable for global spatial domains and Holocene
timescales because of computational demands and large
parameter uncertainty. Here we outline a new paradigm
for the quantitative modeling of human-environment
interactions in preindustrial time that is adapted to the
global Holocene. Rather than attempting to simulate
agency directly, the model is informed by a suite of
characteristics describing those things about society that
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cannot be predicted on the basis of environment, e.g.,
diet, presence of agriculture, or range of animals
exploited. These categorical data are combined with the
properties of the physical environment in coupled
human-environment model. The model is, at its core, a
dynamic global vegetation model with a module for
simulating crop growth that is adapted for preindustrial
agriculture. This allows us to simulate yield and calories
for feeding both humans and their domesticated animals.
We couple this basic caloric availability with a simple
demographic model to calculate potential population,
and, constrained by labor requirements and land
limitations, we create scenarios of land use and land
cover on a moderate-resolution grid. We further
implement a feedback loop where anthropogenic
activities lead to changes in the properties of the physical
environment, e.g., through soil erosion.

Zaragoza, Spain, 9-13 May 2017

PAGES —OSM 2017

Passages only drives relatively weak changes in the
annual cycle. A robust relationship is found such that
ENSO amplitude strengthens when the annual cycle
amplitude weakens.

Reference

Song, Z., Latif, M., Park, W., Krebs-Kanzow, U. and
Schneider, B. (2016). Influence of seaway changes during
the Pliocene on tropical Pacific climate in the Kiel Climate
Model: mean state, annual cycle, ENSO, and their
interactions. Clim. Dyn. doi: 10.1007/s00382-016-3298-x.
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Influence of Seaway Changes during the Pliocene on
Tropical Pacific Climate in the Kiel Climate Model: Mean
Sate, Annual Cycle, ENSO, and their Interactions
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Kanzow®, Birgit Schneider’ 1) GEOMAR Helmholtz Centre
for Ocean Research Kiel, Kiel, Germany 2) Excellence
Cluster “The Future Ocean” at Kiel University, Kiel,
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for Polar and Marine Research, Bremen, Germany
* Zhaoyang Song, zsong@geomar.de

The El Nifio/Southern Oscillation (ENSO) is the leading
mode of tropical Pacific interannual variability in the
present-day climate. Available proxy evidence suggests
that ENSO also existed during past climates, for example
during the Pliocene extending from about 5.3 million to
about 2.6 million years BP. Here we investigate the
influences of the Panama Seaway closing and Indonesian
Passages narrowing, and also of atmospheric carbon
dioxide (CO,) on the tropical Pacific mean climate and
annual cycle, and their combined impact on ENSO during
the Pliocene. To this end the Kiel Climate Model (KCM), a
global climate model, is employed to study the influences
of the changing geometry and CO,-concentration. We
find that ENSO is sensitive to the closing of the Panama
Seaway, with ENSO amplitude being reduced by about
15% - 20%. The narrowing of the Indonesian Passages
enhances ENSO strength but only by about 6%. ENSO
period changes are modest and the spectral ENSO peak
stays rather broad.

Annual cycle changes are more prominent. An
intensification of the annual cycle by about 50% is
simulated in response to the closing of the Panama
Seaway, which is largely attributed to the strengthening
of meridional wind stress. In comparison to the closing of
the Panama Seaway, the narrowing of the Indonesian
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Assessing the range of hydroclimate variability in data
poor regions: insights from Australia

Lewis Sophiel, Gallant Ailie® 1) The Australian National
University 2) Monash University
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In recent years Australia has experienced several high
impact hydrological events (droughts and floods) that
have been described as the most extreme on record. As
the high-quality instrumental record extends only back to
1910, the climatological significance of such events may
be difficult to evaluate given the degree of natural
variability in Australian hydroclimates. In other regions,
extensive palaeoclimate reconstructions have been used
to infer the range hydroclimatic variability on longer
timescales.

Australia’s proxy record is sparse bother spatially and
temporally, particularly for precipitation and provides
limited insight into high impact, sub decadal-scale
extremes. Models can provide as basis for investigating
the range of unforced hydroclimatic variability and hence
the ‘extremeness’ of recent wet and dry climatic events.
Using CMIP5 models of the historical period and Last
Millennium, this study aims to determine whether the
instrumental record of Australian rainfall provides a valid
basis for assessing the statistical significance of observed
extremes. Can models provide enhanced insights into the
range of variability in data poor regions?
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Southern Ocean cold-water coral records of dissolved Ba
over the last 20 ka: Implications for paleoproductivity
and deglacial dynamics
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University of Bristol 3) University of St. Andrews
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Ba is a biogeochemically-cycled element in seawater and
its depth profile is related to the interplay between
export productivity and deep ocean circulation. Here we
investigate the Ba/Ca ratio in cold-water scleractinian
corals as a proxy for the concentration of dissolved
barium in seawater ([Bals,), using solution-based single
collector inductively coupled plasma mass spectrometry.
We find that coral Ba/Ca is linearly related to [Ba],. We
use this relationship to reconstruct [Baly, in the Drake
Passage over the last 20 thousand years (ka). We find
that during the deglaciation, [Bal,, gradients were
substantially enhanced relative to the Holocene,
suggesting that export productivity was increased. This
productivity increase was likely linked to increased
Southern Ocean ventilation and upwelling during
Heinrich Stadial 1 (HS1) and the late Younger Dryas (YD),
as a result of an increase in the overturning circulation.
During the mid-late Antarctic Cold Reversal, a combined
increase in shallow [Baly, and radiocarbon reservoir age
and a collapse in coral growth suggest strong shallow
ocean stratification. The Southern Ocean appears to have
changed to modern-like conditions during the late YD,
when the deep gradient in [Ba],,, was mixed away.
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sufficient to create low-frequency coherence within
proxy networks. More broadly, if simulated drought
patterns generated by the LIM are able to match the
frequency, intensity, or spatial extent of droughts
reconstructed by proxies, that implies that neither exotic
forcings nor climate variability outside the tropical Pacific
are required to produce widespread megadroughts in this
region. If prolonged departures from the mean are
indeed emergent but unremarkable features of western
North America’s hydroclimate, we might be able to
estimate their future occurrence as a linear combination
of changes in the mean state and the linear dynamics
that have governed their behavior in the past.

ID: 01908, 32.- Large-scale hydroclimate variability and
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What to expect when you’re expecting decadal
variability in hydroclimatic proxies

Scott St .Georgel, Toby Aultz, Carlos Carrilloz, Sloan
Coats®, Justin Mankin*, Jason Smerdon” 1) University of
Minnesota 2) Cornell University 3) National Center for
Atmospheric  Research 4) Lamont-Doherty Earth
Observatory * Scott St. George, stgeorge@umn.edu

Prolonged episodes of persistently dry or wet conditions
are common features of most proxy-based
reconstructions of past hydroclimatic variability. These
so-called “Joseph” events might be due to external
forcings that push sea-surface temperatures into warm or
cold states, and thereby increase the likelihood of
widespread megadroughts or megapluvials. Alternatively,
internal ocean-atmosphere variability alone might be
able to produce long-lasting and spatially extensive wet
or dry intervals, even in the absence of any exotic
external influences. In this study, we use a simple
statistical emulator to establish benchmarks for decadal
or multidecadal patterns in the western United States.
We constructed a linear inverse model that included
three key aspects of the El Nifio-Southern Oscillation
(monthly sea-surface temperatures, zonal surface wind
stress, and sea-surface height), and restricted the spatial
domain of each field to include only the tropical Pacific.
By also including western United States hydroclimate
information in the LIM, we are able to test whether ENSO
variability and stochastic weather ‘noise’ could be
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Climate and human influences on the Holocene fire and
vegetation history of western Tasmania, Australia

Laura Stahle', Cathy Whitlock?, Simon Haberle® 1)
Department of Earth Sciences, Montana State University,
Bozeman, MT, USA 2) Department of Earth Sciences, and
Montana Institute on Ecosystems, Montana State
University, Bozeman, MT, USA 3) Archaeology and
Natural History, Australian National University, Canberra,
Australia * Laura Stahle, laura.stahle@msu.montana.edu

On centennial to millennial timescales, fire regimes are
driven by climate changes, vegetation composition and
human activities, but disentangling the relative influences
of these drivers is rarely straightforward at the regional
scale. High-resolution fire and vegetation history
information from the subalpine zone of northwest
Tasmania provides an opportunity to examine potential
climate and anthropogenic drivers of environmental
change over the last 13 kyr. The data suggest that
climate has been dominant driver of environmental
change. The warmest interval of the Holocene 11.8-9.8
ka, as evidenced by independent paleoclimatic proxy,
was a period of maximum fire, high vegetation
heterogeneity and an increase in sclerophyll plants,
Leptospermum-Baeckea and Proteaceae. In the mid-
Holocene, high effective moisture allowed cool
temperate rainforest taxa, dominated by Nothofagus tree
species, to expand at 8.5-5.8 ka and fire activity to
decrease. In the late Holocene, climate was more arid
and variable than earlier times resulting in a large
increase in fire activity at 4.8-3.2 ka. Sharply increasing
abundances of sclerophyll taxa and declining rainforest
and subalpine taxa were associated with peaks of high
biomass burning. The present mosaic of sclerophyll,
temperate rainforest, shrubland, moorland, and alpine
communities was established between ca. 5.0-3.6 ka, but
was also a feature of the early Holocene landscape. In
contrast, the mid-Holocene vegetation was more
homogeneous. The archeological evidence indicates
people were present at the beginning of the Holocene
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and in late Holocene, but missing during the intervening
wet period. We suggest that past changes in vegetation
and fire activity were primarily driven by climate, but that
changes in the vegetation mosaic may have influenced
human occupation.
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agreement is found over western North America, the
southwest North Pacific and parts of the North Atlantic.

ID: 01938, 03.- Regional and transregional climate
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Temperature field reconstructions and method

intercomparison over the past 2000 years

Nathan Steigerl, Juan José Gémez-Navarro®, Raphael
Neukomg, Jianghao Wang4 , Johannes Werner® 1)
Lamont-Doherty Earth Observatory, Columbia University,
USA. 2) Department of Physics, University of Murcia,
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There exist many spatial reconstructions of hemispheric
or global temperature covering the past few centuries.
Yet most of these reconstruction products are based on
different proxy collections, reconstruction techniques,
and methodological assumptions. We therefore lack a
systematic and fair comparison of these diverse
temperature reconstructions. Here, we use a range of
climate field reconstruction (CFR) methods to derive
global temperature histories over the last 2000 years
using a common dataset of proxy records. This allows us
to investigate the coherence between different products
and assess the uncertainty arising from the choice of
reconstruction method. Here, we consider a wide range
of reconstruction techniques, from basic proxy
composites, to widely used linear temperature--proxy
covariance methods (Principal Component Regression,
Canonical Correlation Analysis), to more recent
techniques (GraphEM, Offline Data Assimilation, and an
Analog Method). As common input data for the
reconstructions, we use the annual proxies from the
newly updated PAGES2k database. We find that many
regions of the globe, particularly in the Southern
Hemisphere, still suffer from relatively poor
reconstruction quality due to sparse proxy coverage.
Contrary to what could be expected, some of the areas
most densely covered by proxy records in the PAGES2k
database also display a reduced reconstruction skill. This
is likely due to the large number of spatially clustered
proxies that apparently introduce noise without providing
an independent source of useful information. Thus,
balancing the number and quality of proxy data remains a
key challenge for statistical climate reconstructions. The
agreement across reconstruction methods is highest on
decadal, and lowest on centennial time-scales. The best
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Constraining El Nino Properties Throughout the Last
Millennium Using Improved Forward Models
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Merrifield®, Jesse Nusbaumer® 1) National Center for
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The large internal variability in the ENSO system makes it
extremely difficult to assess the degree to which
anthropogenic and/or natural forcings have influenced
the properties of El Nino/La Nina events. To extend the
record, isotopic time series (coral 6180) from coral reefs
in the equatorial Pacific are often used, but these proxies
are influenced by multiple processes during the ENSO
cycle, making them hard to interpret quantitatively. The
isotope-enabled Regional Ocean Modeling System
(isoROMS) was developed in order to enable the direct
simulation of the relationship between ENSO and isotopic
variations local to individual proxy sites. isoROMS can
provide characterization of the reef environment at an
arbitrary location at any desired spatial resolution; here,
new \'forward modeling\' relationships derived from 20"
century isoROMS simulations are presented, which are
used to infer ENSO properties based on 6'°0 at various
locations. The relative importance of temperature and
the 6'°0 of seawater varies dramatically with both space
and time, as does the relationship between seawater
80 and salinity. Results from isoROMS are used to
identify isotopic signatures of both extreme \'Eastern
Pacific\' and more moderate \'Central Pacific\' EI Nino
events, and are validated based on monitoring data from
a 2014-16 field campaign at two members of the Line
Islands chain: Palmyra Atoll (5.9N, 162.1W) and
Christmas Island (1.9N, 157.4W). Implications for our
ability to quantitatively reconstruct both ENSO amplitude
and the relative strength and importance of extreme El
Nino events are discussed.
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Multidisciplinary reconstruction

Integrating lake sediment paleoflood reconstructions in
Norwegian flood frequency scenarios
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Floods are among the most severe natural hazards,
causing devastation both in terms of human suffering and
in terms of economic cost in all corners of the world.
During the last couple of years, Norway has experienced
two flooding events classified as floods with a 200-year
recurrence interval. Based on this it is clear, at least in
Norway, that there are challenges with estimates of
recurrence intervals that are based solely on relatively
short time periods with instrumental measurements.

Extending modern observations with lake sediment
paleoflood reconstructions is one way to overcome this
challenge, but combining data of different quality and
resolution there are considerations to take. A priori to
integration of paleodata in flood modelling tools there is
a need to understand: 1) How to identify and quantify the
footprint left by floods in lake sedimentary archives; 2)
How to relate the sedimentary imprint of paleofloods to
magnitude, or at best to actual discharge values; and 3)
How to utilize statistical methods that are able to
implement observations of paleofloods in a reliable way
including how to relate this to modern observations as
well as model output.

Here we aim to address these points, by exploring how
high-resolution sedimentary quantitative techniques (e.g.
XRF) combined with image analyses (CT-scanning) using
state-of-the-art instrumentation at the newly established
National Infrastructure in Norway, Earth Surface
Sediment Laboratory (EARTHLAB), can be utilized to
delineate the information that can be extracted from soft
sediment records. Moreover we exemplify how to
incorporate such data in a non-stationary flood frequency
model within a Bayesian framework, with the goal of
testing how the model can be used for flood frequency
estimation under current and future climates.
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The mid-Pleistocene transition (MPT) is widely recognized
as a climate shift from 41- to 100-kyr cycles from marine-
based proxies that largely reflect changes in ice volume,
sea level, and ocean temperature. However, monsoon-
induced vegetation variability across the mid-Pleistocene
on the land remains poorly constrained. Here, we
present a 1.7-million-year d"C record of loess carbonates
from the Chinese Loess Plateau, demonstrating a
remarkable transition from dominant 23-kyr periodicity
before 1.2 Ma to combined 100- and 23-kyr cycles
afterwards. Model simulations show that astronomical,
ice, and CO, forcing all can affect precipitation and
temperature changes in the East Asian monsoon domain,
and the MPT of the monsoon-vegetation variability was
induced by competing effects between precession and
coupled ice/CO, forcing. Our proxy-model comparison
suggests that different sensitivity of the temperature and
precipitation to astronomical and ice/CO, forcing can
result in diverse MPT manifestations depending on
proxies and regions.

ID: 01580, 06.- Before and after - climate contrasts across
the MPT, (Oral)

Mid-Pleistocene monsoon transition from 23- to 100-kyr
cycles
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Sensitivity of the Greenland Ice Sheet to oceanic
changes in the last 150 kyrs
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For many years the scientific community mainly focused
on the sensitivity of the Greenland Ice Sheet (GrlS) to
surface air temperature variations. However, several
works have recently investigated the present-day and
future influence of the ocean on the submarine melting
of the GrlS outlet glaciers, motivated by the thinning and
grounding-line retreat of their marine-terminating parts.
It has been estimated that the mass loss triggered by this
huge ice discharge contributed to a sea-level rise of 7.5
mm over the last two decades. However very little has
been done in order to understand how the past GrlS has
dynamically evolved under the influence of the oceanic
forcing over the last few glacial cycles. Here we simulate
the GrlS evolution over the last 150 kyrs driven by the
surface air as well as ocean temperature changes, using a
three-dimensional  thermomechanical  hybrid ice-
sheet/ice-shelf model. Inland ice masses that flow
through deformation are modelled by the Shallow Ice
Approximation (SIA), while fast-flowing outlet glaciers
and floating tongues are described by the Shallow Shelf
Approximation  (SSA). Ice-ocean interactions are
considered by including a time-dependent
parametrization of the marine basal melting rate.
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Simulations of the last glacial cycles suggest that the GrIS
is very sensitive to the ocean-triggered submarine
melting, indicating that mild changes in the ocean
temperatures may lead to significant variations in the
distribution of Greenland ice mass. Our results definitely
suggest that to properly simulate the past and the future
evolution of the GrlS ice-sheet models should consider
the ocean as an active forcing at the ice-ocean interface.
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Understanding 6180 Variability in Monsoon Regions
Using an Earth System Model

Clay Taborl, Bette Otto—BIiesnerl, Esther Bradyl, Ran
Fengl, Jesse Nusbaumer”, Jiang Zhu®, CESM Isotope
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Atmospheric Research 2) Goddard Institute for Space
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Long-term 50 records show large variability in monsoon
regions during the Quaternary. Determining what these
80 signals represent remains difficult given the
influences from many different climate forcings. We can
use model simulations to get a quantitative
understanding of the mechanisms responsible for
monsoonal variability and how this variability translates
into 6'°0. Here, we use the Community Earth System
Model (CESM) with water isotopologue tracking functions
to explore the climate responses to end-member forcings
of orbit, CO2, and land ice from the Quaternary. With
equilibrium snapshot simulations, we are able to
compare the contributions to changes in 50 of
monsoon regions from different forcings and determine
how these &0 changes reflect variations in
temperature, precipitation, and atmospheric circulation.

While seasonal insolation changes often have the
strongest control on monsoon intensity, our model
results suggest that 5'%0 shifts rarely reflect just local
climatological changes in temperature or precipitation.
Instead, circulation changes tend to contribute
significantly to 80 variability in the monsoon regions.
The relationships between 6'%0 and local temperature or
precipitation in monsoon regions are further complicated
by the forcing dependency of the responses, which can
be different in sign. When combined, the various
different relationships between forcing and response
make simple correlations rarely viable. Our results
highlight both the need for careful consideration of the
various influences when trying to interpret long-term
5'%0 records and the potential for 5'%0 from monsoonal
regions to act as paleo-circulation proxies.
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The large-scale evolution of neodymium isotopic
composition in the global modern and Holocene ocean
revealed from seawater and archive data
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Neodymium isotopic compositions (143Nd/144Nd or &yg)
have been used as a tracer of water masses and
lithogenic inputs to the ocean. To further evaluate the
faithfulness of this tracer, we have updated a global
seawater gyy database and combined it with hydrography
parameters (temperature, salinity, nutrients and oxygen
concentrations), carbon isotopic ratio and radiocarbon of
dissolved inorganic carbon. Archive gyy data are compiled
for leachates, foraminiferal tests, deep-sea corals and fish
teeth/debris from the Holocene period.

At water depths > 1500m, property-property plots show
clear correlations between seawater gyg and the other
variables, suggesting that large-scale water mass mixing
is a primary control of deepwater gyy distribution. At >
200m, basin-scale  seawater  T-S-gyq  diagrams
demonstrate the isotopic evolution of different water
masses. Seawater and archive gyq values are compared
using property-property plots and T-S-gyy diagrams.
Archive values generally agree with corresponding
seawater values although they tend to be at the upper
limit in the Pacific. Both positive and negative offsets
exist in the northern North Atlantic. Applying multiple
regression analysis to deep (= 1500m) seawater data, we
established empirical equations that predict the main,
large-scale, deepwater gyyq trends from hydrography
parameters. Large offsets from the predicted values are
interpreted as a sign of significant local/regional
influence. Dominant continental influence on seawater
and archive gy is observed mainly within 1,000 km from
the continents. Generally, seawater and archive gyqy
values form gradual latitudinal trend in the Atlantic and
Pacific at depths =2 600m, consistent with the idea that Nd
isotopes help distinguish between northern/southern
sourced water contributions at intermediate and deep
water depths.

Participants : T. Arsouze, G. Bayon, A. Bory, C. Colin, J.-C.
Dutay, N. Frank, X. Giraud, A. T Gourlan, C. Jeandel, F.
Lacan, L. Meynadier, P. Montagna, A. M. Piotrowski, Y.
Plancherel, E. Pucéat, M. Roy-Barman, C. Waelbroeck
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Quantifying abrupt changes of bottom water
oxygenation in the northeastern Pacific Ocean using
new benthic foraminiferal tools.
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Over the past thousands of years, rapid global climate
changes (e.g. Dansgaard-Oeschger events) led to strong
fluctuations in the intensity and spatial expansion of
oxygen minimum zones (OMZs). Benthic foraminifera are
sensitive tracers of oxygen conditions at the bottom of
the water column in such oxygen-depleted environments.
We successfully developed three independent benthic-
foraminiferal based methods to estimate short-time scale
changes of bottom water oxygen concentration off the
Northeast Pacific margin during the late Quaternary.

A micropaleontological method, based on the relative
abundance of several foraminiferal assemblages
(characteristic of dysoxic, suboxic, or oxic conditions), is
used to provide an accurate past dissolved oxygen
reconstruction. We combined this approach to two new
morphometrical methods: (i) an automated pore
morphometric analysis was performed with an optical
microscope on benthic species Bolivina seminuda, as, for
this species, test porosity is likely to respond to water
oxygen content; (ii) a further approach relies on semi-
automatically computed morphometric analysis of taxon-
free complete assemblages for each sample.

These three independent approaches provide similar
oxygen estimates that mirror the NGRIP 50 record,
further evidencing already reported global climate
connections between the Northeast Pacific and high
latitudes of the Northern Hemisphere. Over the last 80

kyr, every warm interstadials (corresponding to
Dansgaard-Oeschger events) is represented in our
oxygenation signals and exhibit conditions almost

depleted in oxygen (~ 0.05 ml.L™") while cold stadials
show higher values (~ 0.5 ml.L") reaching ~ 1 ml.L™
during stadials associated with Heinrich events.
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representativeness of each regional composite is
evaluated against reanalysis derived precipitation and
surface mass balance from the Regional Atmospheric
Climate Model (RACMO2.3). We review the dominant
drivers of regional snow accumulation variability and
explore how these influence the observed trends. The
past 200 years has seen an increase in snow
accumulation in all regions, however the late 20" century
trends differ in both sign and magnitude. The most
dramatic change is observed in the Antarctic Peninsula,
where snow accumulation has increased dramatically in
recent decades, with recent trends considered
exceptional in the context of the past 2000 years.
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Antarctic snow accumulation over the past 2000 years
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Here we examine regional Antarctic snow accumulation
variability over the past 2000 years. Seventy nine ice core
records, collected as part of the PAGES Antarctica 2k
working group, are divided into geographical regions that
separate high accumulation coastal regions from lower
accumulation continental sites. The spatial
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ID: 02177,03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

A shift to a modern weaker state of Labrador Sea
convection and AMOC at the onset of Industrial Era

David ThornaIIeyl, Delia Oppoz, Jon Robson®, Pablo
Ortegaa, Paola Moffa—Sanchez4, lan HaII4, Lloyd
Keigwinz, Neil Rose 1) University College London 2)
Woods Hole Oceanographic Institution 3) Reading
University 4) Cardiff University

* David Thornalley, d.thornalley@ucl.ac.uk

Several proxy and modelling studies suggest that there
may have been considerable change in the operation of
the Atlantic Meridional Overturning Circulation (AMOC)
during the last two millennia. Yet despite its importance
for regional and global climate, the recent history of the
AMOC is poorly constrained and comprehensive
observational records only extend back a few decades at
most. Observational data suggest that the export of large
volumes of sea-ice and freshwater from the Arctic during
the Great Salinity Anomaly of the late 1960s to early
1970s impacted North Atlantic circulation, and perhaps
the strength of the AMOC, thus raising the possibility that
more extreme events may have affected the AMOC
during the pre-instrumental era.

We present a suite of AMOC related proxies from high
resolution marine sediment cores from the North
Atlantic, spanning the last ~2000 years, including proxies
for both deep ocean circulation and surface ocean
climate. Our results suggest that there was an
exceptional shift to a weaker mode of Labrador Sea
Water (LSW) formation during the late 19" century,
which persisted up to the present day, notwithstanding
strong decadal-scale LSW production events such as
during the 1990s. Using a compilation of sites that allow
the sea-surface temperature fingerprint of AMOC change
to be identified, we show that the shift to weaker LSW
formation was accompanied by a weakening of the
combined AMOC. Based on their timing, we infer that the
weakening of LSW and AMOC may have been caused by
the export of sea-ice and freshwater from the Arctic



ABSTRACT BOOK

during the termination of the Little Ice Age. These results
have significant implications for the sensitivity of the
AMOC to climate forcing, and the cause of late Holocene
climate events.

Zaragoza, Spain, 9-13 May 2017

ID: 01399, 27.- The climate record of the past 5 million
years: from the seasonal cycle to Ice Ages, (Oral)

Reassessing Pliocene temperature gradients
Jessica Tierney1 1) University of Arizona

* Jessica Tierney, jesst@email.arizona.edu

With CO2 levels similar to present, the Pliocene Warm
Period (PWP) is one of our most salient analogs to
climate change in the near future. Paleoclimate data
from this time period describe dramatically reduced zonal
and meridional temperature gradients, implying large
changes in ocean heat transport and/or atmospheric
circulation. Such conditions have proved difficult to
reproduce with climate model simulations.Recently,
debate has emerged regarding the interpretation of the
proxies used to infer Pliocene temperature gradients;
these interpretations affect the magnitude of inferred
change and the degree of inconsistency with existing
climate model simulations of the PWP. Here, | revisit the
issue using Bayesian proxy forward modeling and
prediction that propagates known uncertainties in the
Mg/Ca-d180, UK37, and TEX86 proxy systems. These new
spatiotemporal predictions are quantitatively compared
to PWP simulations to assess agreement probabilistically
and determine whether the Pliocene climate state
requires the existence of exotic physical mechanisms.
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volcanic eruptions can be solely attributed to volcanic
forcing, or, more generally, to what extent volcanic
forcing has shaped decadal-scale variability in the early
19th century. The early 19th century is a period of focus
in the CMIP6 activities VolMIP and PMIP where dedicated
experiments are carried out to address uncertainties
related to volcanic forcing. These experiments use the
same volcanic forcing input dataset based on state-of-
the-art estimates from ice cores. Yet, the reconstruction
process currently brings large uncertainties in the
volcanic forcing itself, particularly related to the
magnitude of the stratospheric sulfur load. In this study
we have tested the sensitivity of the climate response
simulated by the MPI Earth system model to a range of
volcanic forcings for the early 19th century constructed
using estimated uncertainties in volcanic stratospheric
injections and the Easy Volcanic Aerosol (EVA) forcing
generator Ensemble simulations have been performed
and compared to climate reconstructions for the time
period considered. In this contribution, we will present
and discuss first results with respect to surface
temperature and precipitation.

ID: 01808, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

Sensitivity of simulated 19th century climate to volcanic
forcing uncertainties

Claudia Timmreckl, Matthew Tooheyz, Matthias
Bittnerl, Johann Jungclausl, Stephan Lorenzl, Hauke
Schmidtl, Michael Sigla, Davide Zanchettin® 1) Max
Planck Institute for Meteorology, Hamburg, Germany 2)
GEOMAR Helmholtz Centre for Ocean Research Kiel, Kiel,
Germany 3) Paul Scherrer Institut, 5232 Villigen,
Switzerland 4) Department of Environmental Sciences,
Informatics and Statistics, University Ca’Foscari of Venice,
Mestre, Italy

* Claudia Timmreck, claudia.timmreck@mpimet.mpg.de

The early 19th century was the coldest period of the past
500 years and therefore of special interest in the study of
inter-decadal climate variability. It encompasses a cluster
of strong volcanic eruptions, which included the 1809
eruption of unknown location, the 1815 eruption of
Tambora and the 1835 Cosigliina eruption. It is, however,
still  unclear whether the episodic extreme cold
temperature anomalies reconstructed around these
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ID: 01814, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

eVolv2k: A new reconstruction of major volcanic
stratospheric sulfur injections and associated aerosol
optical depth perturbations, 500 BCE-1900 CE

Matthew Toohey', Michael Sigl® 1) GEOMAR Helmholtz
Centre for Ocean Research Kiel, Germany 2) Paul Scherrer
Institute, Switzerland

* Matthew Toohey, mtoohey@geomar.de

The injection of sulfur into the stratosphere by explosive
volcanic eruptions is the cause of significant climate
variability. Based on sulfate records from a suite of ice
cores from Greenland and Antarctica, the eVolv2k
database includes estimates of the magnitudes and
approximate source latitudes of major volcanic
stratospheric sulfur injection (SSI) events, updating prior
estimates from 501 CE and extending estimates back to
500 BCE. The SSI estimates incorporate improvements to
the ice core records, in terms of synchronization and
dating, and refinements to the methods used to estimate
SSI from ice core records. SSI estimates for many of the
largest eruptions, including Samalas (1257), Tambora
(1815) and Laki (1783) are within 10% of prior estimates.
The long-term average annual SSI between 501-1900 is,
however, 68% greater than prior estimates, due to the
identification of more events and an increase in the
magnitude of many intermediate events. A number of
strong events are included in eVolv2k which appear to be
missing or largely underestimated in earlier SSI
reconstructions, including the 540, 682 and 574 unknown
eruptions. A long-term, latitudinally and monthly
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resolved aerosol optical depth (AOD) time series is
reconstructed from the eVolv2k SSI estimates, and found
to be similar to a prior reconstruction in terms of the
estimated magnitude of the largest eruptions. The long-
term average global mean AOD estimated from the
eVolv2k SSI estimates is 37% greater than prior
estimates, due to the identification of new events and
the inclusion of a non-zero background AOD based on
recent observations. The evolv2k volcanic forcing dataset
has been provided for use in the Paleo-Modeling
Intercomparison Project (PMIP), and VoIMIP experiments
within CMIP6. Here, we describe the construction of the
eVolv2k data set, compare with prior forcing sets, and
show initial simulation results.

Zaragoza, Spain, 9-13 May 2017
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Although  general  circulation  models indicate
corresponding northward migration of the African
monsoon during MIS5e, the evidence suggests that they
considerably under-estimate the intensity and possibly
spatial extent of precipitation in the northern Red Sea.
We find little evidence supporting similar climate system
migration patterns during the Holocene.

ID: 01880, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Oral)

A meridional shift of the tropical rain belt across the Red
Sea during MIS5e

Adi Torfstein® , Alison Hartman® , Ahuva AImogi—Labin2 1)
Institute of Earth Sciences, Hebrew University of
Jerusalem, Israel 2) Geological Survey of Israel,
Jerusalem, Israel

* Adi Torfstein, adi.torf@mail.huji.ac.il

The Red Sea is an elongated, semi enclosed oligotrophic
water body surrounded by hyper-arid deserts. As such, it
receives negligible direct input of water and fluvial
material from its margins, while being exposed to
significant dust fluxes originating from the nearby Sahara-
Arabian desert belt.

We present new results describing the history of the Red
Sea since the last interglacial from a series of downcore
records spanning >2000 km between the Gulf of Aden in
the south and the Gulf of Agaba in the north. In each core
we report major and trace element concentrations of the
bulk and terrigenous fractions, together with the organic
carbon content and d13C, and the detrital &Nd
composition.

The results show that the two recent glacial cycles
(Marine Isotopes Stages (MIS) 6 and 2) are characterized
by eNd values associated with Sahara dust (~-10), while
Mg/Ca ratios suggest that significant fractions of Arabian
dust are delivered during late MIS2.

By contrast, MIS5e sediments are characterized by an
abrupt, basin wide shift of eNd values towards the local
Arabian Nubian Shield end member (~ -2) surrounding
the Red Sea. This shift stems from intense fluvial events
whose impact reached as far north as the north Red Sea.
These are coeval with the appearance of cave deposits
across the Arabian Peninsula, development of wetlands
in East Sahara, and an abrupt fluvial event in the Dead
Sea, all pointing to an extensive northward shift of
precipitation from the tropics during MIS5e, most likely
driven by the African monsoon or tropical plumes.

ID: 02358, 18.- Human Impact on Global Aquatic Systems,
(Oral)

An Integrated Habitat and Land Cover Change Approach
for the Lake Victoria Watershed in Eastern Africa

Charles Twesigye1 1) Kyambogo University
* Charles Twesigye, twesigyeck@yahoo.com

Assessing the status and monitoring the trends of land
cover dynamics in watersheds of aquatic ecosystems and
protected areas is of utmost importance for the
integrated watershed management and decision making.
The information on land cover dynamics is required to
support the Convention on Biological Diversity (CBD)’s
Strategic Action Plan including the Aichi Biodiversity
Targets. These efforts are necessary to set a framework
to reach the agreed national, regional or global targets.
The integration of land use/cover change (LULCC) data
with information on habitats and population dynamics
provides the means to assess potential degradation and
disturbance resulting from anthropogenic activities such
as agriculture, urban area expansion and
industrialization. This study assesses the LULCC over a
115 year (1900-2015) period using Landsat imagery and
vegetation maps. Habitat data gathered from the Digital
Observatory for Protected Areas (DOPA)’s eHabitat+Web
service were used to perform ecological stratification of
the study area and to develop similarity maps of the
potential presence of comparable habitat types outside
the wetlands in the Lake Victoria watershed. Integration
of the habitat similarity maps with the LULCC data was
applied in order to evaluate potential pressures on the
different habitats within the watershed and on the linking
corridors between the different wetlands and other
protected areas in the context of wildlife movement and
migration. The results show that the Lake Victoria
watershed has suffered from relevant human activities
during the last 100 years. The natural vegetation area has
continuously declined as a result of the anthropogenic
impact which has been strong.
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ID: 02366, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

The nature and causes of ‘megadroughts’ in south-
eastern Australia: evidence from the Holocene
sediments of West Basin, Victoria
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Jonathan Terrl, Andrew Chapmanl, Eliza Lockierl, John
Tibbyz, Cameron Barrz, Mark Rollogl, Patricia Gadds,
Geraldine Jacobsen® 1) Department of Earth Sciences and
Sprigg Geobiology Centre, University of Adelaide 2)
Department of Geography, Environment and Population,
University of Adelaide 3) Australian Nuclear Science and
Technology Organisation (ANSTO)

* Jonathan Tyler, jonathan.tyler@adelaide.edu.au

Documenting and understanding centennial scale
hydroclimatic variability in Australia is significant both to
global climate science and to regional efforts to predict
and manage water resources. In particular, multidecadal
to centennial periods of low rainfall — ‘megadroughts’ —
have been observed in semi-arid climates worldwide,
however they are poorly constrained in Australia. Here,
we present a sub-decadally resolved record of
hydrological change at West Basin, Victoria, which spans
the last 10,000 years. Using a variety of evidence,
including uXRF inferred mineralogy, high resolution
image analysis, diatom species analysis and the isotope
geochemistry of carbonates, organic matter and aquatic
cellulose, we document both sub-centennial and
millennial scale variability in lake water depth and
salinity, reflecting regional scale changes in
precipitation/evaporation. We focus on two periods: (a)
the transition toward more arid conditions during the
mid-late Holocene, linked to the intensification of the El
Nino Southern Oscillation (ENSO); and (b) decadal scale
hydroclimate variability and the occurrence of
megadroughts during the last 1000 years. These data will
be discussed in the context of the causes of hydroclimate
variability in south-eastern Australia, the implications for
future  management of water resources and
considerations for future research in the region.

Zaragoza, Spain, 9-13 May 2017
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longer. We also find that the propensity for deglaciation
increases with time elapsed since the previous
interglacial onset. A statistical model combining these
observations correctly predicts every complete
deglaciation of the last million years and also indicates
what alternative histories might have arisen. It accounts
for the early dominance of obliquity cycles and the
change in frequency of glacial-interglacial cycles during
the Mid-Pleistocene Transition. The larger ice-sheets of
the last million years should be viewed as a consequence
of a rise in the deglaciation threshold and the skipping of
obliquity cycles.

ID: 02008, 06.- Before and after - climate contrasts across
the MPT, (Oral)

A simple rule to determine which insolation cycles lead
to interglacials

Polychronis C. Tzedakisl, Michel Crucifixz, Takahito
Mitsui®, Eric W. Wolff> 1) University College London 2)
Université catholique de Louvain 3) University of
Cambridge

* Dr Polychronis Tzedakis, p.c.tzedakis@ucl.ac.uk

The pacing of glacial-interglacial cycles of the Quaternary
(last 2.6 million years) is attributed to astronomically-
driven changes in high-latitude insolation. An enduring
puzzle, however, has been how astronomical forcing
translates into  the observed sequence of
interglacials. Here we show that before ~1 million years
ago, interglacials occurred when caloric summer
insolation exceeded a simple threshold, about every
41,000 years. After 1 million years ago, insolation peaks
were skipped more frequently and glacials became
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ID: 01435, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Oral)

Looking for new territories. What Levantine Rock Art
can bring to the climate question

Pilar Utrilla', Manuel Bea®, Luis Miguel Garcia-Simén' 1)
University of Zaragoza * Pilar Utrilla, utrilla@unizar.es

The Levantine rock art style is supposedly linked with the
Early Holocene climatic transitional moment, being
associated to the Geometric Mesolithic or Neolithic
phases.

So, if we focus on the four main styles for Levantine
human motifs) we can observe that only the so-called
“pachypodes” appear dressed, which maybe points out
that those people could live in a cold period. The themes
are always the same: people appear marching. All of the
painted figures are oriented to inland, to the Maestrazgo.
This could be related to the quest for new territories, less
arid than the Bajo Aragdén, where there could be
environmental constrains at the beginning of the 8.2
event.

Furthermore, these motifs seem to be the first painted
on the shelters (occupying the central spaces), reaching
large dimensions. Their bad conservation could have
been caused by abrupt changes in temperature, maybe
aggravated with cryoclastia effects in cold environments.

Some authors (M. Bader) suggest that the representation
of paquipodes would designate the mobility of some
people who depart from the Maestrazgo looking for
Evaporitic chert in Bajo Aragdn during Early Copper Age.
This idea lies on the distribution of several contemporary
sites around rock art shelters but also highlights that this
kind of chert was needed to make leaf-shaped
arrowheads. On the contrary, we demonstrate that the
change on the use of non-local raw materials occurs
much earlier, in the Geometric Mesolithic, growing
strongly from the ancient Neolithic period, with the
appearance of the double-bevelled microliths.

From these analyses we could point out to socio-
ecological responses to climatic instability during a critical
phase of human development. In this way, it can be
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possible to look for human responses to aridity and
hydrological stress relating rock art sites (as those already
mentioned) and dated archaeological levels on the
studied area.

Zaragoza, Spain, 9-13 May 2017

ID: 02050, 14.- Hydroclimate variability through the ages:
Data, models, mechanisms, (Oral)

The role of resolution in simulating past hydrological
cycle

Paul Valdes', Ruza Ivanovic’, Lauren Gregoire2 1) School
of Geographical Sciences, University of Bristol, UK 2)
School of Earth and Environment, University of Leeds, UK
* Paul Valdes, p.j.valdes@bristol.ac.uk

The hydrological cycle has considerable spatial variability
and is a major challenge to simulate with climate models.
The majority of palaeoclimate simulations (in PMIP1, 2
and 3) used relatively coarse resolution models, using
grids typically several 100 km wide. These models poorly
represent the mean precipitation in hilly regions, near
coastlines, and other areas of strong surface
variations. Low resolution models also have difficulty
representing extreme precipitation events and will have a
tendency towards “drizzling” everywhere.

To investigate how resolution improves the simulation of
mean and extreme precipitation events, we perform a
unique set of 6 global simulations ranging from those
typical of PMIP2 and PMIP3 (3.75° x 2.5 °) to much higher
resolution (maximum of 0.56 ° x 0.38 °). The latter
resolution is the resolution often used in regional
models. All simulations are global and use the same basic
model (Hadley Centre Atmosphere model, HadAM3) so
that changes in the results can largely be attributed only
to resolution. We focus on the classic PMIP time periods
of the Last Glacial Maximum (LGM; 21 kyr BP) and the
mid-Holocene (6 kyr BP).

The results show that increased resolution improves the
simulation of modern precipitation patterns by better
representing the detailed orographic and coastal
processes, but that palaeo changes in large scale
precipitation are relatively robust and insensitive to
spatial scale. The exception to this is at the LGM, when
the flow direction changes (causing a shift in rain
shadows etc.) and when land area expands with the
reduced sea level.

The effects of resolution on the changes in extreme
events will also be discussed. Furthermore, we will
present analyses of the simulations with respect to “the
wet gets wetter” paradigm. Initial work suggests that this
is not especially effective at explaining the modelled
changes.
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disturbance run off as drivers of environmental change,
(Oral)

Determinants of savanna ecosystem dynamics in the
Kenya Rift Valley

Geert van der PIasl, Daniele Colombarolil, Dirk
Verschuren® 1) Limnology Unit, Department of Biology,
Ghent University, Belgium * Geert Van Der
Plas, geert.vanderplas@ugent.be

Savanna ecosystem dynamics are determined by multiple
environmental drivers. Most important to savanna spatial
distribution are fire regime, precipitation, and human
impact. To help understand these complex fire-human-
vegetation interactions we analysed a sediment record
from Lake Bogoria, a hypersaline lake located in the
Kenya Rift Valley at the base of the Marmanet-Laikipia
Escarpment. Climate in the region is semi-arid, with an
annual rainfall of 500-1000 mm. The region experiences
high amplitude inter-annual precipitation changes. The
vegetation is categorized as Somalia-Masai as described
by White (1983), with Tarchonanthus woodland, Acacia
wooded grassland, open Dodonaea woodland and upland
dry coniferous forest. To ascertain the relative
importance of the different drivers we compared the
pollen record with independent climate reconstructions
and the charcoal record. We analyzed sub-fossil pollen
from a 3 m core from the southern basin, reconstructing
the vegetation dynamics over the last 1300 years. The
record shows a relatively open savanna vegetation with
the relative percentages of Poaceae pollen between 40-
60%. Two major vegetation changes have occurred, the
first from 1180-1335 AD, the second from 1910-2014 AD.
During these periods the record shows an expansion of
Afromontane forest and to a lesser extent woodland, and
lower percentages for Poaceae. Our analysis shows that
these changes in vegetation are likely caused by changes
in precipitation. Species that are indicative of
disturbances, such as Asteraceae, and cultivated species
such as Pinus suggest that human impact on the
landscape played an important role in vegetation
dynamics during the period 1910-2014 AD. Increasing
human impact will likely continue to be an important
driver of vegetation changes. Future trends in biomass
burning in the region will depend on the regional
precipitation regime and co-determined by land-use
changes.

ID: 01623, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
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ID: 02091, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Oral)

Using sedaDNA alongside palaeoenvironmental proxies
for understanding wetland archaeological sites

Maarten van Hardenbroekl, Graeme Caversz, Anne
Cronez, Kim DaviesS, Thierry Fonville4, Andrew
Hendersonl, Pete Langdon4, Helen Mackayl, Finbar
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McCormick® , Francesco Ficetola® , Nicky Whitehouse® ,
Tony Brown” 1) Newcastle University 2) AOC Archaeology
Group 3) Plymouth University 4) University of
Southampton 5) Queen's University Belfast 6) Laboratoire
d'Ecologie Alpine

* maarten.vanhardenbroek@newcastle.ac.uk

Wetland sites, including settlements on lakeshores and
artificial islands, often provide a wealth of well-preserved
archaeological material, but are generally difficult and
expensive to excavate conventionally. An alternative or
complimentary approach can be the retrieval
archaeological data from lake sediment cores, which can
under certain conditions contain a continuous record of
the archaeological site, the lake and its surrounding
catchment.

We present early data from a study of three crannogs
(artificial island settlement) and an Iron Age lakeshore
village in Scotland where sedaDNA data is analysed from
proximal sediment cores. The sedaDNA provides detailed
information about the plants and mammals that lived,
died, or were kept on the sites in different periods of site
use. This information is compared with a range of
palaeolimnological proxies that allow us to differentiate
between (i) changes that happened regionally in the lake
catchment (based on pollen, x-ray fluorescence scanning,
stable carbon and nitrogen isotopes, n-alkanes), (ii)
changes that happened in the lake ecosystem (based on
loss-on-ignition, diatoms, biogenic silica, invertebrates,
C/N ratios), and (iii) changes that occurred very locally at
the sites (based on invertebrates, sterols, PAHs, and
sedaDNA).

Our sedaDNA results complement data from both
archaeological excavation and traditional
palaeenvironmental proxies to provide a more detailed
and robust assessment of the environment in which our
ancestors were operating. We also show that different
proxies in the same sediment core provide insights in
past environments at different spatial scales.

Zaragoza, Spain, 9-13 May 2017

ID: 01743, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Oral)

The Global Paleofire Working Group (GPWG2) & Global
Charcoal Database (GCD)

Boris Vanniérel, and the GPWG? 1) Chrono-
environnement, CNRS, Univ. Bourgogne Franche-Comté,
F-25000 Besancon, France 2) www.gpwg.paleofire.org
* Boris Vanniére, boris.vanniere@univ-fcomte.fr

Understanding fire disturbance and its influences on the
biosphere is key in light of the major environmental
changes that are occurring on most continents. In the
past decade, the GPWG analyzed fire history using the
GCD and advanced our understanding of the controls and
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impacts of fire on a wide range of spatial and temporal
scales. Climate variability had a strong, persistent
influence on Late Quaternary trends in fire through its
direct impacts on the number and timing of ignitions and
fire weather, and through its indirect impacts on
vegetation changes and productivity. The complexities of
vegetation change and its influences on fire, especially at
regional scales and on multi-decadal to centennial
timescales, however, remain poorly understood, as do
the varied roles of humans. The GPWG is therefore
running a new phase — the GPWG, — to more deeply
examine the linkages between fires, climate-driven fuel
changes, traditional human land uses, modern landscape
management, and biodiversity conservation.

The objectives of this communication is to disseminate
on the GCD updates and the GPWG work:

e increased standardization
collection and storage;

in paleofire data

e paleofire data-model integration and links with
other databases to support data-model
integration and multiproxy comparisons;

e develop a modern Global Charcoal Database
(mGCD), containing surface samples to improve
calibration of fire history records;

e open source tools development to get easier
access by international community and non-
experts;

e connect modelers, practitioners and
stakeholders with a community of "data
producers" that could help to manage paleofire
disturbance in the best way;

e geographic data development for Central
Eastern Europe, Asia and Africa, which is critical
for human livelihoods and the future
sustainability of ecosystem services there.

Further details on the Global Charcoal Data Base, the
organization of the working group, and future activities
can be found on the website: www.paleofire.org

ID: 01906, 10.- Ice-sheet and sea-level variability during
late-Cenozoic warm periods: PALSEA2, (Oral)

Reconstructing oxygen isotope heterogeneity of
Laurentide Ice Sheet meltwater during Termination |

Lael Vetter', Howard Spero” 1) University of Arizona 2)
University of California Davis

* Lael Vetter, Ilvetter@email.arizona.edu

Oxygen isotope values in continental ice sheets are
controlled by Rayleigh fractionation during ice sheet
evolution, vyielding geochemically heterogeneous ice
sheets. Modern continental ice sheets exhibit dynamic
processes and highly variable melting, and the resulting
meltwater is isotopically heterogeneous. As a result, the
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history of past meltwater oxygen isotope variability is
potentially a powerful tool for exploring ice sheet
behavior during glacial terminations. Here we investigate
a record of Laurentide Ice Sheet (LIS) meltwater entering
the Gulf of Mexico during Termination | (18-11 ka) and
present a series of “snapshot” reconstructions of
meltwater 6'°0 values from discrete time slices. We
employ a novel technique, pairing oxygen isotope and
trace element analyses (Mg/Ca, Ba/Ca) of individual
Orbulina universa planktonic foraminifera to reconstruct
temperature, 61805eawate,, and salinity for each specimen.
For each core interval, we reconstruct élgoseawater-salinity
relationships and instantaneous meltwater 80 values.

During the Bglling-Allergd ~ (15.5-13  ka), our
reconstructions of LIS meltwater §'°0 values range from -
20%o to -49%o0 (VSMOW). This range suggests a dynamic
melting history for the LIS, including contributions from
both the low-elevation southern margin and high-
elevation, high-latitude interior domes, alternating on
decadal timescales. Prior to Bglling-Allergd warming,
Mississippi River outflow 5'%0 values were dominated by
regional precipitation, and LIS meltwater did not
significantly affect salinity variations in the Gulf of
Mexico. After ~13 ka, our data show no evidence of
Mississippi  River outflow, which is likely due to the
location of this Orca Basin sediment core. The
interpretation that LIS meltwater had multiple distinct
geographic sources is supported by independent records
of continental runoff in the Gulf of Mexico. Our results
suggest that high-resolution oceanic records of ice sheet
meltwater can be directly linked to variable ice sheet
behavior.

Zaragoza, Spain, 9-13 May 2017
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with overregional sediment sources. Maximum values of
fluvial suspensions and kaolinite concentration occur
during the late Heinrich event 1 (H1), which point to the
sudden influx of clay-laden meltwaters from Northern
Alaska. For the subsequent deglacial Bglling-Allergd (BA)
interval, meltwater supply changed from glacial-fluvial to
more fluvial, caused by warming that probably led to
increased snow melt and permafrost thaw. The fresh-
water lid might have eased local overturning ventilation
in the Bering Sea water that promoted the deposition of
laminated sediments. During Holocene sea-level rise the
shore line moved far away from the site and reduced
terrigenous sediment influx. Strong contour currents
possibly led to the winnowing of sediments and caused
residual sand enrichment.

ID: 01935, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Provenance and dispersal of terrigenous sediments in
the Bering Sea slope: Implications for late glacial land-
ocean linkages

Rong Wangl, Hartmut Kuehn3, Rainer Gersonde3, Boris
K. Biskabornz, Gerhard Kuhns, Bernhard Diekmann® 1)
Second Institute of Oceanography & Key Lab of
Submarine Geosciences, State Oceanic Administration,
Hangzhou310012, China 2) Alfred Wegener Institute,
Helmholtz Center for Polar and Marine Research,
Potsdam14473, Germany 3) AlfredWegener Institute
Helmholtz Centre for Polar and Marine Research, Am
Handelshafen 12, D-27570 Bremerhaven, Germany
* Rong Wang, rongwang@sio.org.cn

Clay mineralogy and grain-size properties from two well-
dated, high resolution sediment cores recovered from
the western Alaskan continental are used to decipher
millennial-scale changes in sediment provenance and
sedimentary transport during the last 32 kyrs. During the
last glacial maximum, the depositional environment was
characterized by hemipelagic background sedimentation
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ID: 01502, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Regional seesaw between North Atlantci and Nordic
Seas during the last glacial abrupt climatic events

Mélanie Waryl, Frédérique Eynaudl, Didier
Swingedouw1 , Valérie Masson-Delmotte’ , Jens
Matthiessena, Catherine Kisselz, Jena Zumaquel, Linda
Rossignoll, Jean  Jouzel® 1) UMR 5805 EPOC
(Environnements et Paléoenvironnements Océaniques et
Continentaux), EPHE-CNRS-Bordeaux University, 33615
Pessac, France. 2) UMR 8212, LSCE (Laboratoire des
Sciences du Climat et de I'Environnement)/IPSL (Institut
Pierre Simon Laplace), CEA/CNRS-INSU/UVSQ, 91191 Gif-
sur-Yvette CEDEX, France. 3) AWI (Alfred Wegener
Institute), Helmholtz Centre for Polar and Marine
Research, 27568 Bremerhaven, Germany.

* Mélanie Wary, melanie.wary@u-bordeaux.fr

The last glacial period has been punctuated by millennial
abrupt climatic variations strongly imprinted in
Greenland ice core records, where cold phases are
associated with pan-North Atlantic ice-sheet collapses
and iceberg delivery. These variations are thought to be
linked to changes in the North Atlantic meridional
overturning circulation, potentially in response to
iceberg-derived freshwater injections in the North
Atlantic. Indirect marine proxy records and sensitivity
tests performed with atmospheric models have also
suggested that the expansion of sea ice in the Nordic
Seas during cold phases could be a key amplifier,
explaining the large 5-16 °C magnitude of Greenland
cooling. Here we provide direct and quantitative
evidence of a regional paradoxical seesaw pattern: cold
Greenland and North Atlantic phases coincide with
warmer sea-surface conditions and shorter seasonal sea-
ice cover durations in the Norwegian Sea as compared to
warm phases. Our results are based on dinocyst analyses
conducted in four sediment cores from the northern
Northeast Atlantic and southern Norwegian Sea, for
Marine Isotopic Stage 3 (48- 30 ka BP). Such regional
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seesaw is also simulated in freshwater hosing
experiments from five state-of-the-art climate models.
These simulations and reconstructions suggest that
during cold Greenland and North Atlantic phases,
reduced Atlantic overturning and cold North Atlantic sea-
surface conditions were accompanied by the subsurface
propagation of warm Atlantic waters that re-emerged at
the entrance of the Nordic Seas, warming the topmost
layer, limiting sea-ice extent, and providing high
deuterium excess moisture towards Greenland summit.
This mechanism potentially enhanced iceberg discharges
from the bordering ice sheets. This new scheme of
variability, ~with  complex regional hydrological
reorganizations, can be regarded as a new case study for
ocean — cryosphere — atmosphere interactions.

Zaragoza, Spain, 9-13 May 2017

ID: 01392, 16.-
paleofloods, (Oral)

Multidisciplinary reconstruction of

Reconstruction of magnitude and seasonality of pre
instrumental floods based on documentary evidence

Oliver Wetter" 1) Oeschger Center for Climate Change
Research 2) Economic Social and Environmental History
* Oliver Wetter, oliver.wetter@hist.unibe.chFlood water
levels and flooding areas of pre instrumental floods can
be reconstructed by combining different documentary
and instrumental sources , retaining relevant flood
information. Preliminary results of reconstructed 700 to
800 year long flood series for several Swiss rivers will be
presented and discussed. The inclusion of so called
institutional sources (i.e. accounting books of cities)
furthermore enables us to detect also "small" and
"normal" pre instrumental flood events in terms of
seasonality as well as in terms of river contribution or
non contribution to single pre instrumental flood events.
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adapt (or not) to change and the traits associated with
such communities. Such long-term perspectives allow a
more nuanced understanding of human-environment
relationships and the adaptability and resilience of small-
scale societies and communities.

These ideas will be examined with reference to the early
Neolithic in Ireland and Britain, focusing on agricultural
activities, the use of cultivated and wild plant foods,
connections to the wider ecological landscape,
settlement patterns and associations to the mortuary
monuments and ceremonial enclosures that characterise
much of the archaeological record of this period. What
advantages did agricultural systems bring to small scale-
societies? How did these deal with food risk and
uncertainty and variable climatic conditions? What where
the ecological impacts of these activities on the
surrounding landscapes which people were dependent
upon? These issues are examined drawing on
archaeobotanical, archaeological, radiocarbon data,
palaeoecological and palaeoclimatic data from the
Neolithic to better understand how early agricultural
societies achieved resilience and the lessons these offer
our own world.

ID: 02353, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the climate-
landscape-human multiple connections, (Oral)

Human resilience and adaptation of early agricultural
societies

Nicki  Whitehouse' 1) University  of  Plymouth
* Nicki Whitehouse, nicola.whitehouse@plymouth.ac.uk

Concepts of resilience have been developed within the
ecological sphere to examine how animal and plant
species, communities and ecosystems respond to
disturbance and recovery following a period of
environmental perturbation. As a concept, resilience has
also become an increasing preoccupation within social
science, examining the adaptability of human populations
and societies to change — whether internally or externally
derived. The archaeological record offers the
opportunity of linking social and ecological resilience to
provide a long-term perspective of how communities
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ID: 01763, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Postglacial vegetation-fire linkages in western Patagonia
and western Tasmania as a response to large-scale
climate controls

Cathy Whitlockl, Virginia Iglesiasl, Laura Stahlel, Vera
Markgrafz, Simon Haberle® 1) Montana State University
2) University of Colorado 3) Australian National University
* Cathy Whitlock, whitlock@montana.edu

The postglacial vegetation and fire history of Patagonia
(41-50S) and western Tasmania (41-42S) is largely
governed by variations in the broad-scale controls of
regional climate, including shifts in the strength/position
of the Southern Westerlies (SW) and ENSO variability. In
contrast, pre-European human influences on vegetation
in both regions were relative weak and localized. Pollen
data from a network of sites along the eastern Andes
suggest that forests developed as early as 16.5 ka north
of lat 44S, whereas trees did not expand in regions south
of that latitude until 7 ka. The time-transgressive pattern
is attributed to a gradual southward shift in the SW as a
result of deglaciation and increasing annual insolation.
Present-day vegetation developed at all latitudes in
Patagonia during the middle to late Holocene when the
core of the SW reached its modern position (50S) (e.g.,
establishment of Austrocedrus north of lat 43S and
eastward advance of lower treeline in the south).
Asynchronous forest expansion between 5 and 3 ka is
ascribed to latitudinal variations in seasonal precipitation
caused by shifts in the SW strength and location.
Decreased forest cover and high fire activity between 2.5
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and 1.5 ka occurred during strengthened La Nina-like
conditions and high solar irradiance. In western
Tasmania, warming is evidenced after 19 ka by an initial
spread of cold-tolerant woody shrubs and a subsequent
expansion of early-successional rainforest taxa. Between
12.5 and 9.5 ka, decreased forest cover and increased
grassland and buttongrass were associated with rising
fire activity. The warmest interval, 11 and 9.5 ka, was a
time of highest fire. After 9 ka, strengthened SW led to
wetter conditions and rainforest expansion; rainforests
were most extensive between 8.5-6.5 ka and sclerophyll
taxa became abundant afterwards. Large fires after 4 ka
are attributed to increased human activity and
heightened interannual variability.

Zaragoza, Spain, 9-13 May 2017

ID: 01411, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Oral)

Transient modelling of Pliocene climate variability over
glacial-interglacial timescales

Matteo Willeit , Andrey Ganopolski1 1) Potsdam Institue
for Climate Impact Research

* Matteo Willeit, willeit@pik-potsdam.de

The Pliocene was a period of relatively warm and stable
climate and has been proposed as an analog for future
climate warming. However, recent studies suggest that
the Pliocene was characterized by substantial variability
on orbital time scales. These orbitally-forced glacial-
interglacial variations have to be quantified in order to
properly interpret reconstructions of Pliocene
environmental conditions.

In this study we perform transient simulations with the
Earth system model of intermediate complexity CLIMBER-
2 to estimate the orbitally induced variations in climate,
ice sheets and atmospheric CO, from 4 to 3 million years
ago. CLIMBER-2 is a comprehensive model and includes
atmosphere, ocean, land surface, northern hemisphere
ice sheets, interactive carbon cycle and aeolian dust
cycle. The only prescribed external radiative forcing
applied to the model is from changes in orbital
configuration of the Earth. The model has been optimally
tuned to reproduce climate, ice volume and CO,
variability of the last 500 thousand years.

The results show glacial-interglacial global annual
temperature variations of up to 1.5-2°C, Northern
Hemisphere ice sheet volume variations equivalent to
~50 m of sea level change and CO, variations of up to ~50
ppm. The model results are in agreement with the
reconstructed benthic §'°0 record.
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New evidence for persistent drying in the tropics linked
to natural forcing

Amos Winterl, Rolf Vietenz, Davide Zanchettina, Denis
Scholz4, David BIackS, Angelo Rubino® 1) Indiana State
University 2) University of Puerto Rico 3) University of
Venice 4) University of Mainz 5) Stony Brook University
* Amos Winter, amoswinter@gmail.com

Climate projections for the future indicate a regional
contrast in tropical hydrologic trends between areas that
are slated to dry and those that may become wet. While
much of the tropical ocean under the Intertropical
Convergence Zone (ITCZ) is projected to see an increase
in rainfall, a wide area of Central America and
surrounding oceans is expected to experience severe
drying. Approximately half the world\'s population lives
in the tropics, and future changes in the hydrological
cycle will impact not just freshwater supplies but also
energy production in areas dependent upon hydroelectric
power. It is vital that we understand tropical forcing
mechanisms and the eventual hydrological response in
order to better assess projected future regional
precipitation trends and variability. Paleoclimate proxies
are a valuable source of information for this purpose as
they provide long time series that pre-date and
complement the present, often short instrumental
observations. Here we present paleo-precipitation data
from a speleothem located on the western side of the
Caribbean (Mesoamerica), and new data from a
speleothem from the eastern side of the Caribbean
(Puerto Rico) that both reveal large multi-decadal
declines in regional precipitation whose onset coincides
with clusters of large volcanic eruptions during the 19th
and 20th centuries. This reconstruction provides new
independent evidence of robust long-lasting volcanic
effects on climate and elucidates key aspects of the
causal chain of physical processes determining the
tropical climate response to global radiative forcing.

ID: 01755, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)
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ID: 01598, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Pollen-inferred Mediterranean landscape change and
human population dynamics since the advent of
Neolithic farming

Jessie Woodbridgel, Neil Robertsl, Ralph Fyfel, Alessio
Palmisanoz, Andrew Bevanz, Stephen Shennan’ 1)
School of Geography, Earth and Environmental Sciences,
Plymouth University, UK 2) Institute of Archaeology,
University College London, UK

* Jessie Woodbridge, jessie.woodbridge@plymouth.ac.uk

The vegetation of the Mediterranean region is the
product of a distinctive climate and natural environment
that has been transformed by human activities over
many millennia. The “Changing the Face of the
Mediterranean”  project is a Leverhulme-funded
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Plymouth-UCL collaboration, which aims to reconstruct
long-term trends in vegetation change and population
dynamics across the Mediterranean since the advent of
Neolithic farming in order to explore the impacts of
human activity on landscape change. Data from 159 fossil
pollen records and 1798 modern pollen surface samples
have been harmonised and analysed to identify major
land-cover types in terms of their taxa associations and in
relation to human-induced landscape modification.
Pollen count data have been summed into 200 year time
windows on a common timescale from 11,000 BP to
present. Cluster analysis and community classification of
pollen percentage data have been used to identify both
closed forest land-cover types (e.g. evergreen and
deciduous oak woods) and open or scrub land-cover
types (sclerophyllous scrub, parkland/heath, olive groves
and grassland/arable). Understanding the complexity of
these land-cover classes and their trajectories of change
through time will allow the extent to which the
Mediterranean is naturally perpetually changing or a
human-modified landscape to be explored. Radiocarbon
dated archaeological sites and survey data are being
compared with synthesised pollen records to analyse
long-term relationships between human demography
and vegetation/land cover change.
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On the other hand some sources do contain direct
observations of volcanic activity. They concern mainly
Mediterranean volcanoes like the Vesuvius and Etna in
Italy or the Santorino in Greece. Some of these volcanoes
were suspected for centuries of being entrances to the
hell. After the famous eruption of the Hekla in 1104 the
suspected entrance to hell first was transferred to the
Icelandic volcanoes.

This paper aims to look at the medieval annals and
chronicles to gather direct descriptions of volcanic
activity, and to give new interpretations of the patterns
and tropes used by medieval writers to give indirect
information on natural events, especially on volcanic
ones.

ID: 01620, 08.- Volcanic eruptions: the thread connecting
climate records, societal change and future climate
projections?, (Oral)

Medieval written sources of volcanic eruptions, A.D.
600-1100

Wozniak’ 1) Eberhard Karls Universitaet
* Thomas Wozniak, thomas.wozniak@uni-

Thomas
Tuebingen
tuebingen.de

The early and high medieval epoch has seen some large
volcanic eruptions like the 536/540/542-event, or the
934/938/940-Eldgja-event.

Some researchers suggest a strong climatic forcing due to
six or more volcanic eruptions between 750 and 950 as
suggested by ice-core data. So far it is believed, that the
climate forcing from a large eruption like the Eldgja
would have had direct and indirect consequences on the
contemporaries and that it is only a question of looking
very closely into the annals and chronicles to find such
after effects. But a closer look into the historical sources
shows that the medieval chroniclers didn’t only write
about their observations.

Instead they composed texts for a mainly clerical
audience which was expecting the Apocalypse in the way
John mentioned it in the New Testament. So the writer
often didn’t write about everything happened, but about
the types of events that were useful for their narrative. In
doing so, they even changed the chronological order of
events to fit them into the pattern of John's revelation.
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ID: 01780, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Oral)

A Critical Test of Neodymium Isotopes
Paleocirculation Proxy in the Southwest Atlantic

as a

Yingzhe wu'! , Steven Goldsteinl, Leopoldo Pena’ , Alison
Hartman®, Micha Rijkenberg®, Hein de Baar® 1) Lamont-
Doherty Earth Observatory and Department of Earth and
Environmental Sciences, Columbia University, Palisades,
New York 10964, USA 2) GRC Geociéncies Marines,
Department of Earth and Ocean Dynamics, University of
Barcelona, Barcelona 08028, Spain 3) Interuniversity
Institute of Marine Sciences, Eilat 88103, Israel 4) Royal
Netherlands Institute for Sea Research (NIOZ), Den Burg,
Netherlands * Yingzhe Wu, yingzhe@ldeo.columbia.edu

The application of neodymium isotopes as a paleo-ocean
circulation tracer assumes that Nd isotope ratios (eNd)
effectively fingerprint different water masses and
approximate expected values from water mass mixing.
The Southwest Atlantic, with the major water masses
involved in the Atlantic Meridional Ocean Circulation
(southward flowing North Atlantic Deep Water,
northward flowing Antarctic Intermediate Water and
Antarctic Bottom Water), is one of the best places on
Earth to evaluate how well Nd isotope ratios act like a
conservative water mass tracer in the modern ocean.

Seawater profiles and core-top sediments from 17
stations were sampled in the Southwest Atlantic in the
South Atlantic Meridional GEOTRACES cruise (GA02 Leg 3;
RRS James Cook 057) between Tierra del Fuego and the
Equator. Along the cruise track, along with the possibility
of “boundary exchange”, there are several additional
potential sources that could add external Nd to seawater
and disturb the “quasi-conservative” behavior of eNd. For
example, it transects the continental shelf in the far
south, the Rio Grande Rise, volcanic seamounts, and the
major geological age boundaries of South America. It also
crosses the major Southern Hemisphere wind zones,
allowing us to test the impacts of eolian dust input, as
well as inputs from major rivers.
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Our results on seawater eNd show strikingly that the
Southwest  Atlantic  transect confirms  “quasi-
conservative” behavior of eNd in intermediate and deep
water. From the depth of AAIW to bottom, eNd values
covary systematically with salinity and potential
temperature and show systematic changes from
southern to northern stations. To a first order, samples
reflect mixtures of the main water masses. Shallow
depths show local impacts from South American detritus
but these are not transferred to intermediate and deep
water.
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years while Total Solar Irradiance might have had a more
direct and positive impact on sea-ice cover.

ID: 01496, 03.- Regional and transregional climate

variability over the last 2000 years, (Oral)

Late Holocene sea ice dynamics and potential forcing
mechanisms off East Antarctica

Crosta Xavierl, Campagne Philippinel, Etourneau
Johanz, Dunbar Robertg, Massé Guillaume* 1) UMR
EPOC, Université de Bordeaux, 33615 Pessac Cedex,
France 2) UMR LOCEAN, Université Pierre et Marie Curie,
75252 Paris, France 3) Department of Environmental
Earth Systems Science, Stanford University, USA 4) UMI
TAKUVIK, Université Laval, G1V 0A6 Quebec, Canada
* Xavier Crosta, x.crosta@epoc.u-bordeauxl.fr

Antarctic sea ice exerts a strong control on Southern
Hemisphere climate system. However, Antarctic sea-ice
regional trends over the last 200 years, reconstructed
from historical and instrumental data, cannot be
unambiguously attributed to forced or natural climate
variability. Therefore, high resolution investigations of
past Antarctic sea-ice conditions over the last 2000 years
are essential to better assess changes in ocean surface
conditions and their natural climate forcing mechanisms.
Here, we present a new well-dated sea-ice record from
the Integrated Ocean Discovery Program (IODP) Site
U1357B, retrieved on the continental shelf off Adélie
Land, East Antarctica. Our work constitutes the first
complete sub-decadal marine-based paleoclimate
records covering the last 2,000 vyears. Diatom
assemblages and diatom-specific lipid biomarkers allow
to distinct four multi-centennial intervals with mean
climatic conditions inversed to the known Northern
Hemisphere phases but in agreement with air
temperatures inferred from nearby ice cores indicating
coherent regional past climate changes. We suggest that
spring and autumn sea-ice conditions mainly responded
to the long-term expression of ENSO and SAM,
respectively. Centennial variations in sea-ice seasonality
and regional polynya activity continuously roamed each
period. We attribute centennial to multi-centennial sea-
ice variations to changes in synoptic and regional
atmospheric circulation as a response to external forcing
and dominant climate modes of the SH. For example, we
show that clusters of volcanic eruptions were congruent
to warming events off East Antarctica over the past 2000

ID: 02038, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Invited Oral)

Correlation of the paleogeographic events of the
Caspian Sea and Russian Plain during the last climatic
macrocycle

Tamara Yaninal, Valentin Sorokinl, Aleksandr Svitochl,
Redzhep Kurbanov', Nikita Sychevl, Nikolai Tkach® 1)
Lomonosov Moscow State University

* Tamara Yanina, didacna@mail.ru

The problem of correlation between transgressive-
regressive oscillations in the Caspian and glacial events
on the Russian Plain is of great importance in Pleistocene
paleogeography. At the present moment, there is no
unequivocal opinion on the problem. According to the
view of the present authors, many factors (neotectonic
movements, sedimentation in the basin, the restructuring
of the hydrographic network) have affected the
transgressive-regressive rhythm of the Caspian Sea, chief
of which is the global climate rhythm. This work presents
the data obtained by the authors during the last years.
They allow wus to specify relationships and
synchronization of events in the Caspian Sea and on the
Russian Plain.

1). The event scheme of the Caspian Sea includes the two
phases (Late Khazarian and Girkanian) of Khazarian
transgression that developed during the MIS 5 epoch:
stages. The each peak of warming of MIS 5 in the Lower
Volga area led to an interval of soil formation. 2). OSL and
"C dating confirm the development of the Atelian
regression of the Caspian Sea during the epoch of MIS 4
glaciations on Russian Plain, and they fix its end during an
epoch of interstadial warming MIS 3. 3) The first stage of
the Khvalynian transgression took place during the
second half of the interstadial warming of MIS 3. 4) The
LGM in Eastern Europe was reflected in the development
of a falling sea level in the Caspian Sea. 5). The epoch of
degradation of the Late Valdai glacial stage (MIS 2)
corresponded to the time of sea-level rise in the Caspian
Sea and the accumulation of the thickness of Khvalynian
chocolate clays. During the late Pleistocene epoch, the
Manych threshold was breached three times resulting in
overflow into the Pontian Basin.

The research is financially supported by the Russian
Scientific Foundation (Project 16-17-10103).
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Late Pleistocene-Holocene dynamics in the Caspian and

Black seas: data synthesis and paradoxical
interpretations

Valentina Yanko-Hombachl, Alexander Kislovzl)
Department of Physical and marine Geology,

I.I.Vechnikov National University, Odessa 65058, Ukraine
& Avalone Institute of Applied Science, 976 Elgin Ave,
Winnipeg MB R3E 1B4, Canada, valyan@avalon-
institute.org 2) Faculty of Geography, Lomonosov
Moscow State University, Leninskie Gory 1, Moscow,
119991, Russia,

avkislov@mail.ru * Alexander Kislov, avkislov@mail.ru

Different multidisciplinary data within the framework of
projects IGCP 521 and 610 are controversial in some
aspects. For example, records indicate that the Black Sea
level fluctuated in an oscillating manner (Balabanov,
2007; Yanko-Hombach, 2007; Yanko-Hombach et al.,
2014), while some authors (Aksu et al.,, 2016) claim a
large water discharge from the Black Sea into the Sea of
Marmara via the Bosphorus Strait at the beginning of the
Holocene. These interpretations cannot co-exist
simultaneously (Esin and Esin, 2014; Kislov, 2016), yet
such contradictions are paradoxical.According to
geological data, there were large and irregular
fluctuations of the Caspian Sea level (explained by the
mathematic theory of Brownian motion (Kislov, 2016)),
including the huge Khvalynian transgressions during
which the Caspian Sea level rose so high that its water
spilled into the Black Sea. Despite uncertainty about the
source of the additional water that filled the Caspian
basin, the overflow is clearly indicated by the presence of
Caspian fauna in the form of mollusks (Yanina, 2012) and
foraminifera (Yanko, 1990) in the Black Sea. The
spectrum of fluctuations also comprises deep regressions
of both the Caspian and Black sea levels corresponding to
the Last Glacial Maximum (Kislov and Toropov, 2011).

Do these extremes in Caspian Sea conditions reflect
bifurcation transitions? Recently-developed methods
predict that as a system nears a tipping point, both the
variance and autocorrelation should increase (Scheffer et
al., 2009). Taking into consideration the Caspian Sea level
and area changes, and accompanying river runoff
changes, we evaluate that the above-mentioned
statistical parameters describing sea-level fluctuations do
not principally change. Therefore, even extreme
transgressive/regressive stages were not signatures of a
system’s loss of stability.

Zaragoza, Spain, 9-13 May 2017
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Jimin Yu! 1) Research School of Earth Sciences, Australian
National University, ACT, 2601, Australia

* Jimin Yu, jimin.yu@anu.edu.au

Marine nutrient cycle is tightly linked to the carbon
storage in the ocean with critical implications for past
atmospheric CO, and climate changes. Benthic
foraminiferal Cd/Ca and B/Ca have been respectively
used as proxies for deep water phosphate and carbonate
ion concentrations, but the two proxies haven’t been
employed jointly to investigate past oceanic nutrient and
carbon cycles. Here, we first revisit the partition
coefficient of Cd (D¢y) into core-top benthic foraminfiera
shells, taking account of the recent Cd-PO, data from
GEOTRACES. We then apply the obtained empirical DCd
to reconstruct deep water phosphate concentrations
during the last ~25 ka at several locations in the Atlantic.
Finally, we combine Cd/Ca-derived phosphate and B/Ca-
derived carbonate ion to investigate air-sea exchange
component carbon changes since the Last Glacial
Maximum. Our data suggest that both poles, North
Atlantic and Southern Ocean, have played important
roles in controlling past atmospheric CO, variations.

ID: 01439, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Invited
Oral)

Investigation of past nutrient and carbon cycles using
benthic foraminiferal proxies
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ID: 02283, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Late Holocene Climate Changes Across the Antarctic
Peninsula Induced by Atmosphere-Ocean-lce
Interactions

Zicheng Yul, David Beilmanz, Julie Loisel3, Jonathan
SteIIingl, Zhengyu Xia' 1) Lehigh University, Bethlehem,
PA, USA 2) University of Hawaii, Honolulu, HI, USA 3)
Texas A&M University, College Station, TX, USA
* Zicheng Yu, ziy2@lehigh.edu

Increasing number of Holocene paleo records from the
Southern Hemisphere (SH) high and mid-latitude regions
show major changes in regional climate, often
interpreted as responding to shifts in the SH westerlies.
In particular, emerging evidence suggests intensified
westerlies about 2000-1000 years ago, possibly induced
by positive shifts in the Southern Annular Mode (SAM).
However, climate responses have been highly variable
throughout the region, suggesting feedbacks from ice and
ocean dynamics at regional scales. Here we review
records from around the Antarctic Peninsula (AP) to
discuss possible mechanisms. Our recently published
peat-based record from the coastal area of the western
AP at ~65°S shows a substantial warming at 2300-1200
cal BP. Such a large magnitude warming appears to be
restricted to the western AP, suggesting a strong role of
the wind-driven incursions of warm Circumpolar Deep
Water onto the continental shelves and consequent
warming effect from increased sea-surface temperature
and reduced sea-ice extent. On the other hand, records
from regions further east, including James Ross Island,
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Elephant Island and South Georgia, seem to show climate
cooling after 2000 cal BP. We speculate that the cooling
was induced by the reduction in ocean deep convection,
especially around the Weddell Sea -- through increasing
ice melt, freshening of polar surface water and strong
density gradient during positive SAM -- that would limit
the heat transfer from warm deep water to the
atmosphere. Furthermore, abundant ice pack along the
Iceberg Alley would be transported further north to cool
regions downstream from the Weddell Gyre. This
suggests that documenting spatial pattern of regional
climate changes will provide invaluable clues in
understanding forcing mechanisms.

Zaragoza, Spain, 9-13 May 2017
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empirical, modeling, and theoretical approaches is
required to better understand how ecological system
shift are caused by social transition.

ID: 01348, 23.- Regional syntheses of human-climate-
environment interactions, (Oral)

Abrupt ecological transition in China’s aquatic systems
during the last two centuries

Ke Zhang1 1) Nanjing Institution of Geography and
Limnology, Chinese Academy of Science
* Ke Zhang, kzhang@niglas.ac.cn

Dealing with grant challenges of Anthropocene needs
rigorous understanding of linked social-ecological system,
which are complex, adaptive system characterized by
historical dependency, nonlinear dynamics and
uncertainty. Examining regime shifts occurred in the past
could offer rich opportunities to increase understanding
of patterns and process of governing regime shift, and
impact on ecosystem services and society. China’s
unprecedented environment degradation under social-
economic transition provide a unique case to explore
how ecological system changed in the Anthropocene,
which could not only increase new understanding of
ecosystem regime shift, but also generate valuable
information  for  environment restoration and
management, not only for China, but also for other
developing countries facing similar challenges.

Here, we synthesis and examine paleoecological records
across multiple trophic levels, in 20 different typical
aquatic ecosystems in China that include shallow lakes,
deep lake and coastal marine  ecosystems.
Comprehensive tests of nonlinear change across species,
community and ecosystem types during the past 200
years were undertaken by employing multiple statistic
approaches. Significant ecological nonlinear transition
were identified at regional scale during 1960-1980s.
However, close examination indicate that these
ecological nonlinear change show different temporal and
spatial patterns. We also find time-lag between different
community shifts and ecosystem level shift. These spatial
and temporal heterogeneities argue against a
synchronous regime shift of ecological community from
one well-defined regime to another. Accumulating
drivers interact with each other reduce system resilience,
and finally leading to critical transition. A combination of

ID: 01794, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Oral)

Atmospheric CO2 controlled stability of glacial climate

Xu Zhang:l , Gregor Knorr® , Gerrit Lohmannl, Steve
Barker’ 1) Alfred Wegener Institute Helmholtz Centre for
polar and marine research 2) School of Earth and Ocean
Sciences, Cardiff University, Cardiff, UK

* Xu Zhang, xu.zhang@awi.de

Millennial-scale Dansgaard-Oeschger (DO) events, as
recorded in Greenland, are a ubiquitous characteristic of
Late Pleistocene glacials. Changes in the stability of the
Atlantic Meridional Overturning Circulation (AMOC)
caused by both freshwater perturbations and changes in
Northern Hemisphere ice sheet geometry have been
identified as potentially important controls on abrupt
glacial climate changes associated with these events.
However, substantial problems remain in explaining the
dynamics of transitions into and out of North Atlantic
cold conditions. Here we show, using a fully coupled
atmosphere-ocean model, that atmospheric CO, provides
a critical control on AMOC stability through changes in
the freshwater budget of the Atlantic basin associated
with atmospheric moisture transport from the Atlantic to
Pacific. Specifically, gradual CO, changes can trigger
abrupt AMOC shifts within a regime of AMOC bi-stability
while global climate is in an intermediate state (between
full glacial and interglacial conditions). The CO, range of
~15 ppm required to trigger instability is of comparable
magnitude to observations. Therefore, the integration of
atmospheric CO, changes with other control factors can
explain a broad spectrum of millennial-scale variability,
including abrupt climate transitions. Furthermore,
because millennial-scale CO, variability is thought to be
driven by AMOC changes, our results indicate that CO,
might represent an internal feedback agent by promoting
spontaneous transitions between climate states.
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Data, models, mechanisms, (Oral)

meridional
South

Impact of millennial-scale Atlantic
overturning circulation changes on tropical
American climate

Yancheng Zhangl, Cristiano Chiessiz, Xu Zhang3, Stefan
Mulitzal, Matthias Prangel, André Sawakuchi4, Aline
Govins, Gerold Wefer® 1) MARUM-Center for Marine
Environmental Sciences, University of Bremen, Germany
2) School of Arts, Sciences and Humanities, University of
Sdo Paulo, Sdo Paulo, Brazil 3) Alfred Wegener Institute
Helmholtz Centre for Polar and Marine Research,
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Bremerhaven, Germany 4) Institute of Geosciences,
University of S3o Paulo, Sdo Paulo, Brazil 5) IPSL/LSCE,
Laboratoire des Sciences du Climat et de I'Environnement
(CEA-CNRS-UVSQ), Université Paris Saclay, Gif sur Yvette,
France * Yancheng Zhang, yzhang@marum.de

During the last glacial period, a succession of millennial-
scale cold intervals was documented in Greenland ice
cores, termed Heinrich stadials (HS) and Dansgaard-
Oeschger (DO) stadials. Through substantial reductions in
strength of the Atlantic Meridional Overturning
Circulation (AMOC), these stadials affected tropical South
American precipitation due to reorganizations of both the
South American monsoon system and the Intertropical
Convergence Zone (ITCZ). Detailed knowledge about
changes of South American precipitation in response to
such cold intervals may provide important insights into
the reaction of Amazon biodiversity under future AMOC
slowdown, e.g., about 20-40% over the 21% century.
Here, we combined geochemical proxies in numerous
paleorecords (e.g., new sediment cores from the western
tropical Atlantic and previously published terrestrial
hydroclimate records from tropical South America) and a
set of sensitivity climate model experiments. We used
the HS1 (18-15 ka ago) as a specific case to address: (i)
the simulated reversal of the North Brazil Current (NBC);
and (ii) the mechanism connecting a weakened AMOC
and tropical South American climatic anomalies. Our
results suggested that: (i) the NBC was very unlikely to
have been reversed; and (ii) the eastern equatorial Pacific
forcing was crucial to cause anomalous wet conditions
over the Amazonian Andes. In addition, we also
investigated the spatial patterns of South American
precipitation across HS and DO stadials. We found
decreased precipitation over northernmost South
America and increased precipitation over the Andes
during stadials. In contrast, northeastern Brazilian
precipitation exhibited significant increases during HS,
but small changes during DO stadials. Regarding
moderate AMOC slowdown associated with DO stadials
relative to HS, we propose that the ITCZ mean position
during DO stadials did not shift as far south as during HS.
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Sciences, University of Iceland, Reykjavik, Iceland

* Christoph Zielhofer, zielhofer@uni-leipzig.de

The Sahara is the world\'s largest and dominant dust
source with significant impacts on trans-Atlantic
terrestrial and large-scale  marine  ecosystems.
Controversial views about a gradual or abrupt onset of
Saharan aridity at the end of the African Humid Period
dominates the current scientific debate about the
Holocene Saharan desiccation. In this study we present a
19.63 m core sequence from Lake Sidi Ali (Middle Atlas)
at the North African desert margin. With a multi-proxy
approach based on core-scanning and quantitative XRF
and stable isotopes of ostracod shells, we reconstruct the
interaction between Saharan dust supply and Western
Mediterranean hydro-climatic variability during the last
12,000 yr. A robust chronological model based on AMS
14C dated pollen concentrates supports our high-
resolution multi-proxy study. At orbital-scale there is an
overall increase in southern dust from the Early Holocene
to the Late Holocene. However, our Northern Saharan
dust record indicates that the Saharan desiccation does
not reveal a gradual pattern but is characterized by
multiple dust advances before the \'southern dust
mode\' was finally established at 4.7 cal ka BP. Here, the
Sidi Ali record features millennial-scale peaks in Saharan
dust supply at 10.1, 8.2, 7.3,6.6,5.0,4.7,4.2,3.6,3.1, 2.4
and 1.4 cal ka BP. Early Holocene Saharan dust supplies
coincide with Western Mediterranean winter rain minima
and North Atlantic cooling events. In contrast, Late
Holocene dust supplies correspond mostly with positive
stages of the North Atlantic Oscillation. Intriguingly, the
catastrophic 4.2 ka drying event that is well-known from
East African and Indian monsoon domains is also
detectable in our Northen Saharan dust record although
the Western Mediterranean climate was humid at that
time.

ID: 01824, 15.- The Holocene - its climate variability and
rapid transitions, (Oral)

Millennial shifts in Saharan dust supply across the
decline of the African Humid Period

Christoph Zielhoferl, William J Fletcherz, Hans von
Suchodoletzl, Birgit Schneiderl, Kerstin Schepanski4,
Adreslam Mikdads, Steffen Mischke® 1) Chair of Physical
Geography, Leipzig University, Leipzig, Germany 2) School
of Environment and Development, University of
Manchester, UK 3) GFZ German Research Centre for
Geosciences, Potsdam, Germany 4) TROPQOS, Leipzig,
Germany 5) INSAP, Rabat, Morocco 6) Faculty of Earth

ID: 02236, 33.- Ancient DNA for understanding past
biodiversity, human history, and drivers of ecosystem
changes: achievements, limits and perspectives, (Oral)

Sedimentary ancient DNA offers new insights into the
vegetation history of western Beringia since the Eemian

Heike H. Zimmermannl, Laura S. Eppl, Kathleen R. Stoof-
Leichsenringl, Ulrike Herzschuh'1) Alfred Wegener
Institute Helmholtz Centre for Polar und Marine
Research, Research Unit Potsdam, 14473 Potsdam,
Germany

* Heike H. Zimmermann, heike.zimmermann@awi.de

Past climatic changes led to the migration of plant species
and even whole plant communities, e.g. the replacement
of arctic tundra by boreal taiga and vice versa.
Sedimentary ancient DNA from natural archives is a
valuable proxy to track such changes. Bol'shoy
Lyakhovsky is an island within the Laptev Sea but it was
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part of Western Beringia during the last glacial due to the
marine regression. There deposits can be found dating
back to the Eemian (Krest Yuryakh Suite, ~125 kyr BP).
Paleobotanical records based on macrofossils and pollen
are available, but limited in their temporal resolution.
Since sedimentary ancient DNA has proven to reveal
complementary information not captured by traditional
paleobotanical proxies, our aim was to provide a
paleobotanical record in high resolution spanning from
the Eemian to the present. We collected four terrestrial
permafrost sediment cores from dated coastal localities
and applied a DNA metabarcoding approach using the
universal plant barcode of the trnL P6 loop. In total we
recovered 325 taxa of which 244 (75%) were identified to
species or genus level. The dataset is dominated by
Saliceae, Anthemidae and Agrostidinae. In twelve
samples from three different cores we detected
sequences of Larix, which has not been detected before
by macrofossil analyses and only sporadically by pollen
analyses of coastal outcrops at the island. This suggests
that the northern extent of the Siberian treeline was
further north than previously assumed, and that Larix
was indeed present at Bol’shoy Lyakhovsky Island.

Zaragoza, Spain, 9-13 May 2017

ID: 01601, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Oral)

Position and strength of the Southern Hemispheric
Westerlies — a multiproxy reconstruction from southern
Patagonia (Laguna Azul, Argentina)

Bernd ZoIitschkal, Michael Fey 1, Stephanie Janssenz,
Nora |. Maidana3, Christoph Mayr4, Sabine Wulfs,
Torsten Haberzettls, Hugo CorbeIIa7, Andreas LUckes,
Christian OhIendorfl, Frank Schébitzzl) Universitat
Bremen, Institut fiir Geographie, GEOPOLAR, Wiener Str.
9, 28359 Bremen, Germany 2) Universitat zu Koln, Institut
fir Geographiedidaktik, Gronewaldstr. 2, 50931 Koln,
Germany 3) Universidad Nacional de Buenos Aires —
CONICET, Departamento de Biodiversidad y Biologia
Experimental, IBBEA (CONICET-UBA), Ciudad
Universitaria, C1428EHA, Buenos Aires, Argentina 4)
Ludwig-Maximilians-Universitat Miinchen, GeoBio-
CenterLMU and  Department fiir Geo- und
Umweltwissenschaften, Richard-Wagner-Str. 10, 80333
Miinchen, Germany; Friedrich-Alexander-Universitat
Erlangen-Nurnberg, Institut flir Geographie, Wetterkreuz
15, 91058 Erl 5) GeoForschungsZentrum Potsdam,
Sektion Klimadynamik und Sedimente, Telegrafenberg,
14473 Potdam, Germany; Institute of Earth Sciences,
Ruprecht-Karls-Universitat Heidelberg, Im Neuenheimer
Feld 234, 69120 Heidelberg, Germany 6) Friedrich-
Schiller-Universitdat Jena, Institut flir Geographie,
Physische Geographie, Lobdergraben 32, 07743 lJena,
Germany 7) Museo Argentino de Ciencias Naturales
Bernardino Rivadavia, Av. Angel Gallardo 470, C1405DJR,
Buenos Aires, Argentina 8) Forschungszentrum lJilich,
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Agrosphare, 52425 Jilich, Germany
* Bernd Zolitschka, zoli@uni-bremen.de

Temperature, precipitation and wind intensity of South
America respond to the air-pressure gradient between
polar and subtropical latitudes as well as to sea-surface
temperatures of adjacent oceans, the extent of sea-ice
and continental ice masses and to the pathway of the
Southern Hemispheric Westerlies (SHW). The resulting
variations of the regional hydrological balance are
recorded in sediments of closed lakes, like e.g. Laguna
Azul.

Multiproxy investigations of Holocene sediments from
Laguna Azul at 52°S in Argentinean Patagonia document a
superior climatic control. Position and strength of SHW
control the semiarid conditions in southeastern
Patagonia and overprint the ontogeny of this lacustrine
system. SHW influence local evaporation, precipitation
and insolation with impacts on the type of water-column
stratification and lake-level fluctuations. Both lead to
internal feedbacks on wave erosion along the lakeshore,
algal communities and trophic conditions as well as
authigenic mineral formation.

Based on multiproxy analyses (sedimentology,
geochemistry, stable isotopes, pollen, diatoms), we
present a detailed radiocarbon-dated environmental
reconstruction documenting a millennial-scale
hydrological variability for the Holocene. According to
this multiproxy dataset, lake internal and external
processes characterize hydrological fluctuations. These
include influences of the shrinking and expanding littoral
zone as well as changes in lacustrine productivity, salinity
and patterns of water circulation. Driest conditions of the
record correspond to high wind speeds and a low lake
level related to higher salinity that caused an ectogenic
meromixis in the lake’s water body. Together with anoxic
conditions in the hypolimnion, methanogenesis and high
salinity were recognized for the early Holocene between
10,300 and 8,500 cal. BP. We relate this period to highest
SHW intensities occurring at the latitude of Laguna Azul
(52°S). Only during the past two centuries human impact
obscured the climatic signal, as evidenced by
eutrophication, increased precipitation of authigenic
calcite and spreading of neophytic species like Rumex.
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Indian monsoon variations during three contrasting
climatic periods: the Holocene, Heinrich Stadial 2 and
the last interglacial-glacial transition

Coralie Zorzil, Maria Fernanda Sanchez Goﬁiz,
Krishnamurthy Anupama3, Srinivasan Prasad3, Vincent
Hanquiezz, Joel JohnsonA, Liviu Giosan® 1) GEOTOP-
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UQAM 2) EPHE-EPOC 3) IFP 4) University of New
Hampshire, Department of Earth Sciences 5) Woods Hole
Oceanographic Institution

* Coralie Zorzi, coraliezorzi@gmail.com

Pollen analysis from two marine cores (NGHP-01-16A and
NGHP-01-19B2) collected off shore of Godavari and
Mahanadi basins, both located in the Core Monsoon
Zone, reveal changes in Indian summer monsoon
variability and intensity during three contrasting climatic
periods: the Holocene, the Heinrich Stadial (HS) 2 and the
Marine lIsotopic Stage (MIS) 5/4 during the ice sheet
growth transition. The Holocene record reveals two long
climate trends on which rapid shifts of Indian monsoon
are superimposed. During the first part of the Holocene
between 11,300 and 4,200 cal years BP, the extension of
moist ecological communities reflects high monsoon
rainfall which contrasts with the second phase of the
Holocene, from 4,200 cal years BP to the present, marked
by the development of drier vegetation. The historical
period in India is characterized by an alternation of strong
and weak monsoon centennial phases synchronous with
the Medieval Climate Anomaly and the Little Ice Age,
respectively. During the HS 2, vegetation was dominated
by grassland and dry vegetation indicating a pronounced
aridity as the result of a weak Indian summer monsoon
whereas the MIS 5/4 glaciation was characterized by a
weaker reduction of the Indian summer monsoon and a
decrease of seasonal contrast as recorded by the
expansion of dry vegetation and the development
of Artemisia, respectively. Our results support model
predictions suggesting that insolation changes control
Indian monsoon long trend variability, but not its
intensity, distribution or rapid climate variations. The
long and short-term Indian monsoon intensity is
modulated by atmospheric teleconnections involving
several feedback mechanisms such as snow cover in the
Himalaya, iceberg discharges in the North Atlantic Ocean,
and SSTgradient in the Indian Ocean and at inter-
hemispheric scale.

Zaragoza, Spain, 9-13 May 2017
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ID: 02230, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Oral)

Influence of CO2, the Antarctic Ice Sheet and Asian
Topography on the Asian Monsoon and Regional
Moisture Availability

Despina Zoural, Daniel HiIIl, Aisling DoIanl, Alan
Haywood:l 1) University of Leeds

* Despina Zoura, eedz@leeds.ac.uk

Asia is the most densely populated continent on Earth
and has a varied climate with environmental conditions in
East and South Asia dominated by the monsoons, whilst
central Asia is characterized as arid. Studies examining
the onset of aridity and the intensification of the
monsoons controlling Asian climate have generated
significant debate. Researchers have identified the major
drivers of Asian aridity being the Himalayan and Tibetan
Plateau uplift, the retreat of the Paratethys Sea, and the
global cooling after the Eocene/Oligocene transition.
Here, using results derived from 7 climate simulations of
a fully coupled ocean-atmosphere climate model
(HadCM3L), we investigate the effect of Antarctic ice-
sheet formation, CO, decline and Himalayan elevation
changes on the moisture supply in inland Asia and on the
Asian  monsoon  circulation.  Overall  simulated
precipitation changes in Central Asia are modest, with
the most pronounced response being confined in the
regions associated with the South Asian Monsoon and
East Asian Monsoon. However, changes in Himalayan
elevation alter the flow of the westerlies, which are
considered to be the main moisture source for inland
Asia. With no Antarctic ice Sheet the westerlies are
strengthened and displaced northward. Decreasing
atmospheric CO, concentration displaces the position of
the Intertropical Convergence Zone to the south. Overall,
these result indicate a complex interplay of forcings and
climate responses driving regional changes in hydrology
over the last 33 million years.
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ID: 02015, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

Modern pollen, diatom, and chironomid assemblages
as quantitative indicators for the reconstruction of
past environmental conditions in the south-central
Chile

Ana M. Abarzﬂal, Marcela S. Tonelloz, Leonora
Jarpal, Alejandra Martel-Cea’ 1) Instituto Ciencias de
la Tierra, Universidad Austral de Chile 2) Instituto de
Investigaciones Marinas y Costeras, CONICET-UNMdP,
Argentina 3) Escuela de Graduados, Facultad de
Ciencias Forestales y Recursos Naturales, Universidad
Austral de  Chile * Juana  Alejandra Martel
Cea, jmartel.cea@gmail.com

Quantitative reconstructions from biological proxies
have revolutionized paleolimnology and
paleoclimatology to allow us understand and compare
different trends, magnitudes and timing during the
Quaternary. Pollen, diatom, and chironomid
assemblages were studied in the surface sediments of
62 small lakes and swamps along an altitudinal gradient
from sea level to 1800 m in south-central Chile (37-
42°S). In addition, 27 environmental variables relating
to the physical limnology, geography, climate, and
water chemistry were recorded for each site. The
explanatory power of each variable for the different
biological data-sets was estimated by canonical
correspondence analyses (CCA). A minimal set of
environmental variables was found preliminary for
each biological data-set by a forward-selection
procedure within CCA. As the first step, inference
models for austral winter air temperature (July) were
developed for modern pollen data-set using weighted-
averaging partial least squares. This model was applied
to the 26,000 yr BP time window addressed by the high
resolution Lago Espejo pollen record (39°S, 400 m asl).
The winter temperature reconstruction suggests 3-4°C
during the LGM until 18,000 yr BP, when winter
temperatures increase abruptly t010.5°C at 14,000 yr
BP. Pleistocene—Holocene transition (12,500-11,500 yr
BP) is marked by warm winter temperatures up to 11°C
and high fire activity under warm conditions. Although,
YDC is observed as the decrease of winter temperature
on 1°C between 13,000 to 11,500 yr BP. Early and mid-
Holocene had winter temperatures between 10 to 8°C,
until 3000 yr BP when winter temperatures drops to
5°C, close to the modern values. These results will be
contrasted to different biological data-sets to integrate

the  paleolimnological and paleoclimatological
reconstructions in south-central Chile, and their
relationship with regional, inter-hemispheric, and

global climate trends.
Acknowledgment: FONDECYT 11140677
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ID: 01874, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

The Pacific Centennial Oscillation

Jose Abella-Gutiérez', Juan Carlos Herguera1 1)
CICESE

* Jose Abella-gutiérrez, joseluisabella@gmail.com

El Nifio Southern Oscilation (ENSO) is the principal
mode of interannual variability on global climate, and
has been related with profound impacts beyond the
weather, as the collapse of fisheries and forest fires.
Understanding the low frequency variability of ENSO
beyond interannual timescales is a major goal, and
large efforts has been dedicated to reconstruct the
ENSO low frequency variability during the Holocene.
Some authors have reported a centennial ENSO mode
of variability from documentary archives and tree rings
chronologies. Carbonate paleoproductivity records
from San Lazaro Basin, in the southern domain of the
California Current System (CCS), show a consistent
variability in the centennial band periodicity (~100-120
yr) that broadly coincides with the sea surface
temperature record from Makassar Strait and the
Drought Area Index from Western North America,
which suggest an ocean-atmosphere coupled system
similar to ENSO. Here, we present an ensamble of
marine and terrestrial records to better understand the
spatial extent of this mode of variability, the Pacific
Centennial Oscillation (PCO).

During the last century, more frequent E/ Nifio
events apparently occurred during a warm mode of the
PCO, in a similar fashion to the positive mode of the
Pacific Decadal Oscillation. This result is further
observed in the historically documented E/ Nifio events
reconstruction of the last four centuries from the city
of Trujillo, North coast of Peru. In contrast, the
Pallcacocha ENSO precipitation record does not show
significant variability in the centennial band, in spite of
a significant coherence in this band with the CCS
carbonate record. However, other records that share
this centennial variability do not support the
interpretation of a low frequency mode of the ENSO
system. PCO have large effects in monsoonal
precipitation from North to South America, with
important effects during the Medieval Climate
Anomaly.

ID: 02374, 18.- Human

Systems, (Poster)

Impact on Global Aquatic

20th century human impact on the sediment transfer
from the upper Rhone River basin to Lake Geneva
(Switzerland/France)
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Tiago Adrido Silva®, Stéphanie Girardclos”, Jean-Luc
Loizeau® 1) Departement F.-A. Forel for Environmental
and Aquatic Sciences, University of Geneva 2)
Departement of Earth Sciences, University of Geneva
* Tiago André Adrido Silva, Tiago.Adriao@unige.ch

Sediment production and transfer processes in Alpine
environments are mainly controlled by climate.
Changes produced by climatic changes can be recorded
in peri-Alpine lakes sediments. In the last ~200 years
anthropogenic activities begun to have a great impact
in these watersheds, producing measurable changes in
the sediment record in lakes.

During the 20" century the upper Rhone River
watershed has been subject to climate changes and
various anthropogenic impacts (e.g. dam construction).
Under the scope of the SEDFATE project (Swiss National
Science Foundation CRSII2_147689) we address human
and climatic impact on the sediment transfer from the

Rhone River  watershed to Lake Geneva
(Switzerland/France).
Sediment cores collected in the Rhone River

sublacustrine delta were analyzed to determine mass
accumulation rates (MAR) and patterns and sediments
characteristics.

Radiodating (**’Cs and **°Pb) results show that from
1964 to 1986 MARs decreased. After 1986 MARs
increased again. Geochemical proxies for detrital input
(e.g. Si, Ti) follow the variations and trends of MARs.
Geochemical data (ICP-MS) on the fine sediment
fraction (<63um) don’t show any significant change in
the geochemical signal, implying that the observed
elemental changes must be related to the coarser
sediment fraction.

Preliminary mineralogical data (Qemscan) on bulk
sediment samples show variations in their
mineralogical content. Quartz and epidote content
decrease coevally with the decrease of the detrital
signal while calcite, dolomite, and illite increase. Post-
1986, most of these minerals percentage increase again
together with the increase in MARs but albite and
titanite stay low.

We hypothesize that coarse sediment was abstracted
from the transporting system after the major dam
constructions in the 1950’s and that, since 1986, an
opposite trend is due to increased sediment loads,
possibly owed to glacial melting resulting from climate
change. Future analysis will focus on sediment
fingerprinting and identification of the sources changes
in the watershed.

ID: 01717, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)
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Climate changes over the last 2000 years recorded in
various proxy archives in the SE Altai, mountains of
Southern Siberia

Anna Agatoval, Roman Nepop1 1) Institute of
Geology and Mineralogy SB RAS, Novosibirsk
* Anna Agatova, agatr@mail.ru

We present the results of our multidisciplinary
investigations of the SE Altai, which represents a
combination of landscapes and ecosystems of alpine
highlands, vast plateau-topped watersheds and
intermountain depressions with unique archeological
heritage. A number of different nature archives provide
information about climatically driven landscape
evolution in the region during the last 2000 years. In
our researches we summarize the results of studying
glacier advances, upper timber limit fluctuations,

paleosols archives, tree-ring analysis and
geoarchaeological data.

Mountain glaciers are potentially good climatic
indicators. Numerous radiocarbon dates including

more than 50 new ones indicate two stages of glacier
advances during the last 3000 years. Generally, the
reduction of glacial activity in every subsequent
Holocene glacial stage is expressed in topography, and
the decreasing magnitudes of these expansions argue
for progressive aridity intensification, especially
noticeable in the last 2000 years. This conclusion is
supported by the fact that thermal minimum in the
middle of the nineteenth century, the greatest in the
last millennium, did not positively influence the mass
balance of the glaciers. The trend of aridity
intensification is also supported by
pedosedimentological analysis and newly obtained
radiocarbon dates of paleo and contemporary soils in
mountain valleys and intermountain depressions.
Besides the chronological issues, the studied
contemporary soils and paleosols provided climatic and
environmental characteristics of their formation. Tree-
ring analysis of numerous finds of Larix sibirica in the
region, utilized for wooden burial constructions, argues
for considerable timber usage by ancient nomads and
implies more humid and warm climate conditions (in
comparison with the modern ones) favorable for forest
growth, even in the arid and desert eastern part of the
Chuya depression. Archaeological site distribution
generally marks favorable for living areas. Using them
as spatial-temporal markers allows reconstructions to
be specified based only on geological data.

ID: 02254, 01.- Open Session on past global changes,
(Poster)

Linking Climate Change and Altitudinal Variation of
the Andean Vegetation during the last three decades
in South-Central Chile.
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Mauricio Aguayo Arias", Rocio Lobos Saez', Alberto
Aranda Castillol, Alejandra Stehr Geschel, Fernado
Torrején Godoy:L 1) Faculty of Environmental Sciences
/EULA Chile Centre, University of Concepcion.
* Mauricio Aguayo Arias, maaguayo@udec.cl

The spatial distribution of vegetation is strongly related
to favourable climatic conditions for its development.
Hence, changes in temperature and precipitation
regimes are expected to alter the distribution of
species at their latitudinal or altitudinal extremes. In
the Northern hemisphere there is important evidence
of vegetation altitudinal variation in response to
climate change. The shift is larger for species restricted
to mountain habitats and for grassy species, which are
characterized by faster population turnover. Studies of
climatic variability report a notorious tendency towards
the increase of the temperature and ascent of the 0° C
isotherm for south-central Chile since 1980. These
trends are expected to favor the advancement of high
Andean vegetation beyond its present position by
increasing its altitudinal level. In this context, we
evaluated the altitudinal redistribution of high Andean
vegetation using a Multi-Temporal series of satellite
imagery Landsat between 36240 \'- 38230\' LS during
the last three decades. The NDVI (Normalized
Difference Vegetation Index) and SAVI (Soil-Adjusted
Vegetation) vegetation indices were analyzed to detect
changes in plant development on the treeline. The
results show a slight increase of the treeline and
progressive increase of vegetational development in
areas that historically were clear of vegetation or
permanently covered by snow. Using meteorological
data from Andean stations closest to the study area,
we detected a positive correlation between
temperature variations and altitudinal vegetation
changes. Partially funding by FONDECYT Project N
1160719

ID: 01305, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

Speleothem 6180 record of multidecadal Atlantic
oscillations during the last millennium in Morocco

Yassine Ait Brahiml, Abdelfettah Sifeddinez, Myriam
Khodriz, Hai Chenga, Francisco W Cruz4, Lijuan Shaa,
Nduria Perez-ZanonS, Jasper A Wassenburge,
Lhoussaine Bouchaou® 1) Applied Geology and Geo-
Environment Laboratory, Ibn Zohr University, Agadir,
Morocco 2) IRD-Sorbonne Universités (UPMC, CNRS,
MNHN) UMR LOCEAN, IRD, Bondy, France 3) Institute
of Global Environmental Change, Xi'an lJiaotong
University, Xi‘an, China 4) Instituto de de Geociéncias,
Universidade de S3o Paulo, Sdo Paulo-SP, Brazil 5)
Climate Change Center (C3), Campus Terres de I'Ebre,
Universitat Rovira i Virgili, Avda. Remolins, Tortosa,
Spain 6) Institute of Geoscience, University of Mainz,
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Mainz, Germany * Yassine Ait
Brahim, aitbrahim.yassine@gmail.com The climate
processes in Morocco are poorly understood, making
the investigation of paleoclimate changes during the
last millennium highly requested. Here, we present the
first well-dated high resolution stable oxygen isotope
6180 speleothem record from southwestern Morocco,
covering the last 1200 years. Our record reveals
substantial decadal to multidecadal fluctuations
between dry and humid periods, consistent with
regional paleorecords, with prevailing dry conditions
during the MCA, wetter conditions during the LIA, and
a trend towards dry conditions during the current
warm period. Statistical analyses indicate that the
climate in Morocco remained under the combined
influence of both the AMO and NAO over the last
millennium. The generally warmer MCA and colder LIA
at longer multidecadal timescales probably influenced
the regional climate in North Africa through the
influence on Sahara Low, which weakened and
strengthened the mean moisture inflow from the
Atlantic Ocean during the MCA and LIA respectively.

ID: 02051, 08.- Volcanic eruptions: the thread
connecting climate records, societal change and future
climate projections?, (Poster)

Trace element characterisation of Japanese
tephrostratigraphic markers: elucidating eruptive
histories and facilitating the synchronisation of
palaeoclimate archives

Paul Albertl, Victoria Smithl, Emma TomIinsonZ,
Takehiko Suzuki®, Takeshi Nakagawa4 1) University of
Oxford 2) Trinity College Dublin 3) Tokyo Metropolitan
University 4) Ritsumeikan University
* Paul Albert, paul.albert@rlaha.ox.ac.uk

The volcanic glasses of visible tephra layers recorded in
the key East Asian palaeoclimate archive of Lake
Suigetsu (SG06), Japan, have been subject to detailed
trace element geochemical characterisation (using LA-
ICP-MS). Trace element glass compositions from
proximally investigated pyroclastic deposits allow us to
chemically distinguish tephra units erupted from
volcanic sources situated along the two volcanic arcs of
southern Japan. These data indicated that Yttrium,
Zirconium and Thorium concentrations in the glasses
are particularly useful for discriminating the different
volcanic sources. Consistent with prevailing winds in
the region, our trace element data verify that at least
twenty of the twenty-two distal tephra layers
investigated from the SG06 record derive from volcanic
sources south-west of Lake Suigetsu. These include the
calderas of Kyushu Island situated along the Ryukyu-
Kyushu arc (RKA), and also Daisen and Sambe
stratovolcanoes of southern Honshu, associated with
the south-west Japan arc (SWJA). The prevalence of
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tephra layers from Daisen and Sambe enables the
construction of a detailed event stratigraphy for the
SWIJA with an unrivalled temporal resolution owing to
the integrated varve and Yc chronology of the SG06
record. Precise geochemical fingerprinting of
widespread Japanese tephra layers is key to both
unlocking the chronological potential of the Lake
Suigetsu archive and facilitating the accurate
synchronisation of palaeoclimate archives throughout
Japan and beyond.

ID: 02040, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Poster)

Neanderthal landscape south of the Ebro river. First
results from the Late Pleistocene (MIS3) site of
Aguildn P5 cave (Zaragoza, Spain)

Marta Alcolea 1, Victor Sauqué2 , Carlos Mazo® , Gloria
Cuenca-Bescés’ 1) Grupo PPVE-IUCA. Area de
Prehistoria, Departamento de Ciencias de la
Antigliedad, Facultad de Filosofia y Letras, Universidad
de Zaragoza, C/ Pedro Cerbuna 12 (50009) Zaragoza,
Spain  2) Grupo Aragosaurus-lUCA. Area de
Paleontologia, Departamento de Ciencias de la Tierra,
Facultad de Ciencias, Universidad de Zaragoza, C/
Pedro Cerbuna 12 (50009) Zaragoza, Spain
* Marta Alcolea Gracia, malcolea@unizar.es

The cave of Aguildn P5 is a small opening in the Iberian
Range (south of the Ebro river, Zaragoza, NE Iberia).
The sediments that fill up the cave has provided
archaeological and paleontological remains The
fieldwork developed since 2010 has excavated the
sediments of the top of the stratigraphic sequence
only. The presence of animal bone remains, charred
plant remains, hearth structures and lithic artefacts has
been found during excavations (Mazo and Alcolea,
2016)". Due to tool assemblage and radiocarbon dating
(>50.0-41.9 kyr BP) the attribution to the Middle
Palaeolithic is clear, contemporary with other
important Mousterian sites in the Ebro Basin.

In this work we focus in the preliminary results
provided by archaeobiological records. Wood charcoal
analysis reveals that the surroundings of the cave
would be dominated by pinewoods (Pinus tp. sylvestris)
accompanied by some shrubby taxa characteristic of
the forest edges (fam. Rosaceae). Archaeozoological
study reveals that small and medium size ungulates
such as deer (Cervus elaphus) or wild goat (Capra
pyrenaica) and rabbit (Oryctolagus cuniculus) are
present in the faunal spectrum. This fits with the data
obtained in the neighbouring palaeontological cave-site
Aguildn P7 with the relict presence of other cool-
climate, atlantic, animal taxa (Nufiez-Lahuerta et al.,
2016)°.
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In summary, we can state the following preliminary
conclusions: i) the surroundings of the cave was
composed by a relatively open-landscape dominated by
conifers with an alternation of woodland environments
characterized by mountain pinewoods and rocky areas,
ii) climate conditions were more atlantic-influenced,
colder and high water supply than nowadays in
contrast to the Mediterranean climate that now
prevails in Aguildn, iii) future studies in this site can
provide valuable palaeoenvironmental information to
understand human-landscape interactions in the Late
Pleistocene and Neanderthal history.

YIn .M. Rodanés & J.I. Lorenzo (Eds.) Actas del I
Congreso de Arqueologia y Patrimonio aragonés.
Zaragoza. pp. 21-31.

*Historical Biology, 28(6), 774-786.

ID: 01703, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Poster)

Human-forest interactions in Central Pre-Pyrenees
(NE Spain) during Early-Mid Holocene transition.
Charcoal analysys in archaeological contexts

Marta Alcolea * , Carlos Mazol, Raquel Piquéz, Lourdes
Montesl, Rafael Domingol, Alberto Obc’m3, Abel
Berdejo3, Pilar Utrilla® 1) University of Zaragoza 2)
Autonomous University of Barcelona 3) Independent
Researcher * Marta Alcolea
Gracia, malcolea@unizar.es The central part of the
Pre-Pyrenees southern slope (NE Spain) constitutes the
present-day limit between the Athlantic and
Mediterranean climate boundary in the Iberian
Peninsula. The Early-Mid Holocene transition period
(ca. 9000-7000 cal yr BP) is a period of environmental
and cultural change. Firstly, from 8200 cal yr BP a
change in precipitation regime and the increase in
winter temperatures favored the vegetation belts rise
in altiude, leading to the establishment of a well-
developed Mediterranean forest in the lowlands
(Gonzalez-Sampériz et al., 2017"). Secondly, an increase
in human activities and a subsequent modification on
forest exploitation ocurred at the end of Mesolithic
period (ca. 7500 cal yr BP), occurs in different forms
and rhythms and implies significant evolutions
concerning environmental management and
occupation of space (Garcia-Marinez de Lagran, 2015°).
Although wood charcoal in archaeological contexts do
not accumulate randomly, a synthesis effect of the
surroundings vegetation can be recognized as a
consequence of the prehistoric populations daily fuel
collecting activities. These deposits seem to constitute
a reliable source for local vegetation reconstruction
and they are considered synthetic type deposits with a
statistical consistency (Scott and Damblon, 2010°).
Charcoal analysis in archaeological contexts emerges as
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a valuable small-scale environmental tool. Five
charcoal-sequences from archaeological sites were
studied in this work: Arba de Biel (Biel, Zaragoza),
Chaves (Bastards, Huesca), Espantalobos (Quicena,
Huesca), Esplugén (Sabinfianigo, Huesca) and Forcas |l
(Graus, Huesca). All of them are located in mid-
mountain areas (ca. 800-500 masl). A total of 20
different plant taxa were documented among a total of
4183 charcoal fragments analyzed. Archaeobotanical
data provided in this work fill a relevant gap in this
region and allows an approach to the evolution of the
Atlantic- and Mediterranean-taxa related to climatic
transitions and anthropic factors. 1Pa|aeogeography,
Palaeoclimatology, Palaeoecology 291, 1-10. ? Catena
149, 668-688. ° European Journal of Archaeology 18(3),
429-453.

ID: 01735, 21.- Sediment Flux: Past Peaks and Troughs,
(Poster)

Lake sedimentation rates over the Anthropocene: A
quantitative synthesis

Baud Alexandre ', Jenny Jean-Philippe’, Francus
Pierre?, Gregory-Eaves Irene ! 1) Dept. of Biology,
McGill University, Montreal, Canada 2) Max Planck
Institute for Biogeochemistry, 10, 07745 Jena, Germany
3) Centre Eau Terre Environnement, INRS, G1K9A9
Québec (Qc), Canada * Jean-
philippe Jenny, jjenny@bgc-jena.mpg.de Sediment
and mass accumulation rates represent key metrics of
lake functioning and have a wide range of physical and
chemical implications, ranging from lake infilling to
carbon sequestration. Lake sediment records and the
rates at which they accumulate are also highly
informative as they reflect the complex changes in
hydrological and anthropogenic processes occurring
throughout a watershed. With knowledge about the
past, we are also better equipped to envisage scenarios
of future Earth system trajectories. For this study, we
have compiled data published in the Journal of
Paleolimnology between 2008 — 2015 and amassed
records from over 250 sites. In particular, we have
digitized data on sedimentation rates (measured as
mm/year and g/cm’.year) over the past ~ 150
years. We are also extracting key watershed data
including landuse/landcover, climate conditions,
watershed size and slope to quantify the relative
importance of these metric in terms of defining lake
sedimentation rates. We will apply additive mixed
effect models and regression tree approaches to define
sedimentation rate patterns and identify key
predictors. Overall, this work will advance our
understanding of how lake sedimentation rates vary
across different regions, how they have varied over the
past 150 years and what are key environmental
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variables that can explain differences across the
landscape and through time.

ID: 01652, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

Bottom sediments of the Lake Donguz-Orun (Central
Caucasus) as a chronicle of the climate change in the
region

Mikhail AIexandrinl, Alexei Grachevl,
Solomina® 1) Istitute of Geography
* Mikhail Alexandrin, alexandrin@igras.ru

Olga
RAS

Bottom sediments of the Lake Donguz-Orun (Central
Caucasus, Elbrus region), first retrieved in 2012,
revealed regular laminae typical for proglacial varved
lakes. In order to confirm the annual lamination we
used several geochemical markers. The sediment core
was scanned for elemental analysis using XRF-SR
(synchrotron) technology in the Institute of Nuclear
Physics SB RAS at the resolution of 200 um and ultra-
high resolution of 30 um for the upper 20 mm. The
ratio Rb/Sr was selected as an indicator of an annual
cycle of sedimentation due to different mobility of the
two elements depending on the sediment grain-size.
Indeed, the Rb/Sr curve revealed a strong pattern of
annual variability with lower values corresponding to
the spring snowmelt (with a near-perfect fit with the
visible layers). Subsequent use of the other indicators,
namely Zr/Rb and others, provided an independent
calculation of the annual layers. Together with the Cs-
137 dating, all the results agree on the sedimentation
rate around 1.7 mm/yr for the period 1910-2010.

Distinguishing the separate annual layers enabled the
comparison of the sedimentary geochemical data with
the annually resolved data, such as the local
meteorological observations and tree-ring series. The
concentration of bromine — often considered as a
temperature-sensitive biophile element — revealed a
significant  correlation with the local annual
temperature (r2=+0.48). The concentrations of
terrigenous elements — K, Ti, Fe, Zn, As, Rb — show a
correspondence with the annual atmospheric
precipitation, which seems logical considering that the
lake is glacier-fed. On a shorter timescale, certain
elements were able to record precisely abrupt changes
in the instrumental records.

Thus, varved sediments of the lake Donguz-Orun
revealed a great potential in terms of creating regional
reconstructions of climatic parameters, which are still
scarce in the Caucasus. Currently, the work on a longer
sediment core is undertaken with an estimated
timespan of 350-400 years.
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ID: 02006, 15.- The Holocene - its climate variability and
rapid transitions, (Poster)

Reconstructing Holocene hydrographic variability in
the Northeast Atlantic using bivalves

Stella AIexandroffl, James Scoursez, Paul Butlerl,
Bernd Schéne®, Paula Reimer® 1) Bangor University,
United Kingdom 2) University of Exeter, United
Kingdom 3) Johannes Gutenberg University Maing,
Germany 4) Queen's University Belfast, United
Kingdom  * Stella Alexandroff, osp407 @bangor.ac.uk
The bivalves Arctica islandica and Glycymeris
glycymeris are highly resolved archives of past marine
climate in the North Atlantic. The annual growth
patterns of the shell reflect the environment the
animals live in and by cross-matching these growth
patterns it is possible to construct multi-centennial,
replicated, and annually resolved chronologies that
form a temporal template for isotope sampling. The
aim of this study is to assess differences through time
in marine climate and growth rates in isolated A.
islandica and G. glycymeris populations in the
northeast Atlantic Ocean. In May 2014 and April 2016,
we collected dead valves and live specimens of both
species from St Kilda, Outer Hebrides, Scotland. This
area is of particular interest as it is close to the Scottish
shelf margin, has negligible freshwater input and is
thought to represent open-ocean North Atlantic signals
well. We here compare inter-annual and seasonal
growth in modern specimens with growth in two
floating chronologies, each spanning >200 years, built
from dead-collected shells. All the shells in the floating
chronologies were found to have radiocarbon ages
between 3700-3300 cal yr BP. The radiocarbon ages
confirm our findings by grouping the shells into two
distinct age bands consistent with our two floating
chronologies. We present annual and sub-annual 80
data of these floating chronologies as well as of
modern specimens from St Kilda to compare changes in
mean state and seasonality between the present and
the fourth millennium BP. Sub-annual §'°0 data from
the floating chronologies and from the modern
specimens show a strong seasonal signal and multi-year
trends. We calibrate the §'°0 results from the modern
specimens with instrumental data, which enables us
(assuming that there has been no change in 5'°0owater)
to compare mean and seasonal seawater temperatures
between the present day and the fourth millennium
BP.

ID: 01751, 11.- Climate of Quaternary Interglacials from
observations and model simulations, (Poster)

Lake Urmia (NW Iran) environmental and climate
changes during the Holocene inferred from the lake
deposits; preliminary results
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Tudryn Alinal, Tucholka Piotrl, Gibert-Brunet
Elisabethl, Motavalli-Anbaran Seyed-Haniz, Lankarani
Mohammad® , Ahmady-Bigani Hesam® 1) GEOPS, Univ.
Paris-Sud, CNRS, Université Paris-Saclay 2) Institute of
Geophysics, University of Tehran, Tehran, Iran 3)
School of Geology, University of Tehran, Tehran, Iran 4)
Faculty of Natural Resources, Urmia University, Urmia,
Iran * Tudryn Alina, alina.tudryn@u-psud.fr

The ongoing changes affecting the Lake Urmia are
revealed by a considerable lake water level decrease (7
m in the last 15 years), desertification and formation of
dust storms in its area. This environmental and
ecological disaster has become a major preoccupation
for Iran\'s government in recent years. Water level
drop was attributed to the decrease of the rainfall and
to the anthropogenic causes, principally the
construction of numerous dams on rivers supplying the
lake. Nevertheless, even if the overexploitation of
water is evident, the role of individual natural and
anthropogenic factors influencing the state of the lake
is still not well identified. Indeed, the lack of the
detailed record of environmental evolution in the past,
limits the understanding of actual processes and the
capability to develop an integrated management of the
water resources.

The French-Iranian project that started in 2016, aims to
obtain high temporal resolution records on past
environmental and climate changes in the Lake Urmia
area for the whole Holocene. The process integrates
geophysical, hydrogeological, hydrological and lake
sediments studies. During the fieldwork in May 2016,
two sediment cores have been obtained from recently
dried out part of the lake close to the city of Urmia, and
preliminary sampling of the lake water and
groundwater has been done. Sediment obtained from
cores (~12 m thick) is not yet dated; nevertheless,
according to previous works it most probably presents
the latest Pleistocene and Holocene. The sequence
consists on sandy and clayish/silty deposits
characterised by different magnetic susceptibility
values. That indicates changes in detrital material
sources and/or lake water level. At the bottom, a crust
of evaporites similar to that from the top, indicates the
state of the lake as low as that of today. The
conductivity of sampled lake- and groundwater shows
values indicating its very high mineralisation.

ID: 01750, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Poster)

Clay minerals
sediments

in Late Quaternary Caspian Sea

Tudryn Alinal, Tucholka Piotrl, Toucanne Samuelz,
Gibert-Brunet EIisabethl, Lavrushin Yuri A.S, Dufaure
Olivierl, Miska Serge:L 1) GEOPS, Univ. Paris-Sud,
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CNRS, Université Paris-Saclay 2) Institut Francais de
Recherche pour I'Exploitation de la Mer (IFREMER) 3)
Geological Institute (GIN), Russian Academy of Sciences
* Tudryn Alina, alina.tudryn@u-psud.fr

We present results of clay mineral analyses applied to
sediments from the Caspian Sea. Analyses were
performed on two ~10 m long sediment cores that
were collected (middle basin SR-9418 GS20, water
depth of 479m and south basin: SR-9402 GSO05, water
depth of 519m) during a cruise that took place in 1994
as a part of the multidisciplinary study of the Caspian
Sea, conducted by a Russian-French team. Sediments
were already studied for sedimentological, magnetic,
geochemical and biological parameters (Chalié et al.
1997; Jelinowska et al., 1998,1999; Boomer et al., 2005;
Leroy et al., 2000,2007,2010,2013,2014; Pierret et al.,
2012; Tudryn et al. 2013,2014;2016). Both cores
present Late Pleistocene and Early-Mid Holocene
sediments. Late Pleistocene part of both cores consists
on detrital rich and carbonate poor material while
Holocene sediments are dominated by carbonaceous
mud.

Our results show that during the last deglaciation, the
Caspian basin collected meltwater and fine-grained
sediment from the southern margin of the
Scandinavian Ice Sheet via the Volga River. It induced
the deposition of characteristic chocolate-coloured
illite-rich sediments (Chocolate Clays) that originated
from the Baltic Shield area according to Nd data
(Tudryn et al., 2016). This supply started probably at
~22 cal kyr BP, led to the Early Khvalynian transgressive
stage(s) and Chocolate Clays deposition in the now-
emerged northern flat part of the Caspian Sea and in its
middle basin, and it stopped at ~13.8 cal kyr BP. After
the Chocolate Clays deposition and until 3.0 cal kyr BP,
smectite originating from the East European Plain
became the dominant clay mineral in the sediment
from the middle basin of the sea. In the south basin,
until ~11.0 cal kyr BP, smectite and illite present equal
values, showing different pattern from that in the
middle basin. During the Holocene, smectite became
dominant, as in the middle basin.

ID: 01262, 15.- The Holocene - its climate variability and
rapid transitions, (Poster)

Belgian speleothem records Holocene cold events?

Mohammed ALLANl, nathalie fagell, sophie
Verheyden2 1) AGEs, Département de Géologie,
Université de Liege, Allée du 6 Ao(t, B18 Sart Tilman B-
4000, Liege, Belgium 2) Royal Belgian Institute of
Natural Sciences, Jenner straat 13, B-1000 Brussels,
Belgium

* Mohammed Allan, mohammedallan@outlook.com
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Speleothem is now regarded as valuable archives of
climatic conditions on the continents, offering a
number of advantages relative to other continental
climate proxy recorders such as lake sediments and
peat cores. High spatial resolution measurements of
Mg, Al, Sr, Ba were realized by using laser-ablation
inductively coupled plasma mass spectrometry in the
Belgian Pere Noel cave. A stalagmite from the Pere
Noel (PN) cave representing 12000 years dated by U/Th
method. Trace element variations in speleothem are a
reflection of hydrochemical conditions. These changes
were interpreted as indications on changes in climate
in the Han-sur-Lesse region. The similar patterns found
in & 0, & *C and chemical composition along the Pere
Noel stalagmite suggests that trace elements in
speleothems have the potential to provide the high
resolution insights into palaeoclimatic variability during
the Holocene. The interpretation reveals several
periods of significant rapid climate change during the
Holocene periods (10.7-9.2 ka, 8.2-7.9 ka, 7.2-6.2 ka,
4.8-4.5 ka, and 3000-2.4 ka BP. These periods are
similar to the cold events detected from different
natural paleoclimate archivers (Wanner et al., 2011). A
comparison between geochemical analysis of Pére Noél
speleothem and solar activity (sunspot number) reveals
a significant correlation. The spectral analysis methods
reveal common solar periodicities (Gleissberg cycle, de
Vries cycle, unnamed 500 year, Eddy cycles, and
Hallstatt cycle). The geochemical analyses have the
potential to improve that PN speleothem is sensitive to
changes in solar activity on centennial and millennial
timescale during the Holocene.

ID: 02135, 15.- The Holocene - its climate variability and
rapid transitions, (Poster)

Spatial and temporal heterogeneity of Holocene
ocean and climate conditions in the Antarctic
Peninsula: evidence from a suite of marine diatom
records.

Claire S AIIenl, Jennifer Pikez, Anna R Haworths,
Dominic A Hodgson1 1) British Antarctic Survey 2)
Cardiff University 3) British Antarctic Survey & Cardiff
University * Claire Allen, csall@bas.ac.uk

Diatom-based paleoceanographic reconstructions on a
suite of marine sediment cores from the east and west
Antarctic Peninsula (E/W-AP) reveal the spatial and
temporal heterogeneity of Holocene climate in the AP.
Five statistically defined ecological groupings
characterise 80.2 #4.7 % (mean t 1s.d.) of all the
diatom assemblages and together with diatom
concentrations and accumulation rates, describe the
principal oceanic settings of the AP. Early Holocene
ocean conditions along the WAP are characterised by
high glacier discharge, likely reflecting accelerated
glacier thinning and grounding line retreat in response
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to the elevated atmospheric temperatures recorded in
ice cores and frequent incursions of \'warm\' upper
circumpolar deep water (UCDW). The mid-Holocene is
characterised by declining glacial discharge with
varying patterns of UCDW influence across the WAP.
On the EAP, UCDW is absent from the inner shelf
throughout the Holocene, as such, ice thinning and
retreat and intervals of ice shelf absence are inferred to
have been driven primarily by elevated atmospheric
temperatures. Our study highlights the complexity of
the AP ocean and climate system and illustrates that no
single record can adequately represent regional
paleoclimate.

ID: 01698, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Poster)

Trace element proxies for surface ocean conditions: A
synthesis of culture calibrations with planktic
foraminifera

Katherine Allen®, Bérbel Honisch®, Stephen Egginss,
Laura Haynesz, Yair Rosenthal*, lJimin Yu® 1)
University of Maine 2) Lamont-Doherty Earth
Observatory of Columbia University 3) The Australian
National University 4) Rutgers University
* Katherine Allen, katherine.a.allen@maine.edu

We have assembled the results of culture experiments
for three species of symbiont-bearing planktic
foraminifera, Globigerinoides ruber, Globigerinoides
sacculifer, and Orbulina universa, and one symbiont-
barren species, Globigerina bulloides, to evaluate their
responses to temperature, salinity, pH, carbonate ion,
and dissolved inorganic carbon (DIC) growth conditions.
Trace element ratios (Li/Ca, B/Ca, Mg/Ca, Sr/Ca,
Mn/Ca, Cd/Ca, Ba/Ca, Na/Ca, and U/Ca) were
measured simultaneously on samples grown with the
same culture techniques, which provides robust,
relatable calibrations that may be used together in
multi-proxy paleoceanographic studies. Our data
confirm that temperature is the dominant control on
foraminiferal Mg/Ca under the ranges of conditions
studied and that the potential effects of salinity and
CO32' on Mg/Ca of these tropical species across late
Pleistocene glacial cycles are relatively small.
Carbonate system experiments suggest that Sr/Ca may
be useful for reconstructing large DIC changes. Na/Ca
increases with salinity in G. ruber (pink), but not in G.
sacculifer. As these emerging proxy relationships
become more firmly established, the synthesis of
multiple  trace  element ratios may help
paleoceanographers isolate the effects of different
environmental parameters in paleo records.
Calcification rates (ug/day) vary among species and do
not respond consistently to any experimental
parameter. Comparison of our calcification rates with
those observed in inorganic calcite precipitation
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experiments suggest that foraminifera calcify ~100x
more slowly than inorganic calcites grown in similar
solutions. We suggest that calcification rate does not
typically exert a dominant control on trace element
partitioning in planktic foraminiferal calcite, though it
may play a role for some elements under certain
circumstances. Differences in average growth rate
cannot explain composition differences among species,
pointing to alternative controls that may be biological
in origin.

ID: 01520, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

A high quality millennial-length summer temperature
reconstruction for southeastern Australia

Kathryn AIIenl, Edward Cookl, Brendan Buckleyl,
Robert Evansl, Krystyna Saundersl, Patrick Baker® 1)
University of Melbourne, Lamont Doherty Earcth
Obervatory, Silviscan Pty Ltd, ANSTO
* Kathryn Allen, Kathryn.Allen@unimelb.edu.au

An evolving understanding of past climate variability
and changes observed over the 20" Century requires
integration of high quality palaeoclimate records into
analyses. To this end, we have developed a nested
950-year mean temperature record for the Austral
summer (December — February) based on a network of
Lagarostrobos  franklinii  sites in  southeastern
Australia. The calibrated model explains ~ 66% of the
variance and the Coefficient of Efficiency (CE) that is
commonly used to assess reconstruction quality is
positive (interval estimate) back to 1050 CE. Unlike the
previous Mt Read L. franklinii reconstruction for the
November-April period, our reconstruction depends
not only on the ring widths of high elevation sites, but
also, crucially, on low elevation wood properties such
as density, tracheid radial diameter and cell wall
thickness. Although our smoothed reconstruction is
somewhat similar to the previous Mt Read
reconstruction, there are some important differences,
especially around the start of the 20" Century and
around 1150 CE, two periods during which a number of
very narrow rings occurred at Mt Read. In addition,
there are important differences between our
reconstruction and the recent Aus2k Australasian
reconstruction, notably over the ~1500 — 1900 CE
period in which our reconstruction suggests
temperatures were warmer than shown by the Aus2k
reconstruction. Further, 20" Century warming for our
region has been less extreme than shown in the Aus2k
reconstruction. Different seasonal windows and target
domains are two prominent reasons why the
reconstructions will differ from one another. Notably,
the signal of our reconstruction is largely limited to part
of southeastern Australia and has an interesting
similarity to the relationship between Australian
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temperatures and SAM for the Austral summer. The
strength of our reconstruction and its spatial signature
highlight the potential for high quality sub-regional
reconstructions where multiple large-scale ocean-
atmosphere processes drive climate over broader
regions.

ID: 02232, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

A new proxy for reconstructing past wind strength in
the Amundsen-Bellingshausen Sea

Claire S AIIen.l, Elizabeth R Thomas® 1) British
Antarctic Survey * Claire Allen, csall@bas.ac.uk

Winds in the Southern Ocean drive exchanges of heat
and carbon dioxide between the ocean and
atmosphere. Winds also explain the dominant patterns
of both basal and surface melting of glaciers and the
collapse of ice shelves in the Amundsen and
Bellingshausen Seas. However, long records of past
wind strength and atmospheric circulation are needed
to assess the significance of these recent changes.
Despite evidence in the literature showing that wind-
transported diatoms may provide a proxy for
atmospheric circulation, this potential has not been
fully exploited in Antarctic ice core studies. Here we
present evidence for a novel proxy for past wind
strength and atmospheric circulation patterns in the
Amundsen-Bellingshausen Seas, based on diatoms
entrained in the Ferrigno ice core. Taxonomic
identification of diatoms recovered from the ice core
are used to determine the ecological affinities of the
assemblage and infer the potential source regions. The
potential for entrainment and transport of diatom
specimens is then assessed using back-trajectories of
air masses to the Ferrigno site. Good agreement
between diatom assemblage composition and air mass
trajectories for the 1980 to 2010 period, suggest that
Ferrigno-diatoms may provide a novel proxy for winds
in the Amundsen-Bellingshausen Sea sector.

ID: 02150, 24.- Regional versus global in past monsoon
dynamic: disentangling wind and precipitation proxies.,
(Poster)

Late Pleistocene climatic and oceanographic
variability in the Indian Ocean revealed by the
Maldives Sea record of IODP Site U1467

Montserrat Alonso-Garcia® , Teresa Rodriguesl, Carlos
A. AIvarez-Zarikianz, Loren M. Petruny3 , Maria
Padilhal, Dick Kroon4, James D. Wrights, Xiang Sus,
Mayuri Inoue7, the IODP Expedition 359 Scientists’ 1)
Centro de Ciéncias do Mar (CCMAR), Universidade do
Algarve, 8005-139 Faro, and Instituto Portugues do Mar
e da Atmosfera (IPMA), Avda Alfredo Magalhdes
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Ramalho 6, 1495-006 Lisboa, Portugal 2) International
Ocean Discovery Program, Texas A&M University,
Discovery Drive, College Station, TX 77845, USA,
Expedition_359_Participants@iodp.tamu.edu 3)
Environmental Science and Policy Department, David
King Hall Rm 3005, MSN 5F2, George Mason University,
University Drive, Fairfax, VA 22030-4444, USA 4)
Department of Geology and Geophysics, University of
Edinburgh, Grant Institute, The King’s Buildings, West
Mains Road, Edinburgh EH9 3JW, UK 5) Department of
Geological Sciences, Rutgers, The State University of
New Jersey, 610 Taylor Road, Piscataway NJ 08854-
8066, USA 6) Key Laboratory of Marginal Sea Geology,
South China Sea Institute of Oceanology, Chinese
Academy of Sciences, West Xingang Road, Guangzhou
510301, P.R. China 7) Graduate School of Natural
Science and Technology, Okayama University, 3-1-1
Tsushima-naka 700-8530, Japan * Montserrat Alonso-
Garcia, montsealonso82@gmail.com

The Maldives Inner Sea is a natural sediment trap
within the Indian Ocean, providing a sedimentary
record of changes in ocean circulation patterns and
regional climate variability. The Maldives Sea is
influenced by the South Asian Monsoon (SAM), driving
modern currents in the north and central Indian Ocean,
which are linked to the seasonal reversing wind
pattern. Winds are directed westward in the winter and
eastward in the summer, with direction changes
reflected in the sedimentary record of the Maldives
Inner Sea. Additionally, in the northern Indian Ocean
oceanic productivity and the oxygen minimum zone
(OMZ) in the water column are intimately related to
the SAM. Therefore, the Maldives Sea is a perfect
location to study past changes in the monsoon
dynamics and its associated effects.

IODP Site U1467 was drilled in the Inner Sea of the
Maldives at a water depth of 487 m during I0ODP
Expedition 359, and recovered a 630 m thick Miocene
to Pleistocene carbonate drift succession. Well
preserved microfossils in the Plio-Pleistocene sequence
offer the opportunity to establish a good chronological
framework and study changes in benthic communities
as a proxy for bottom water oxygenation and changes
in the OMZ. This study will reconstruct sea surface
temperature variability in the Indian Ocean (based on
alkenones), as well as changes in the bottom water
conditions during Mid to Late Pleistocene in order to
understand monsoon dynamics in the Indian Ocean
across glacial-interglacial cycles.

ID: 02364, 19.- Do species move, adapt or die?
Exploring past biodiversity, ecological change and
community dynamics in the fossil record, (Poster)
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The LGM ice-free Andgya island — did local favourable
condition combined with distinct long-distance
dispersal routes cause non-analogue vegetation?

Inger Greve Alsos®, Per Sjégrenl, Ludovic Gielly®,
Aage Paus®, Mary E Edwards®, Melanie Lengs,
Matthias Forwickl, Marie Kristine Fgreid Merkell,
Cathrine T Langdon4, Jostein Bakke®, Torbjgrn Alm',
Tony G Brown” 1) UiT - The Arctic University of
Norway 2) University Grenoble-Alpes 3) University of
Bergen 4) University of Southampton 5) British
Geological Survey * Inger
Greve Alsos, inger.g.alsos@uit.no At the LGM, Andgya
refugia on the NW coast of Norway was isolated by
glaciers 2000 km to the south and 1200 km to the
east. Controversy has arisen concerning the bioclimatic
conditions, especially concerning finds of ancient DNA
from pine (Pinus) and spruce (Picea) as well as a
megafossil of birch (Betula pubescens). We reviewed
the existing data as well as analysed ancient
sedimentary DNA, pollen, macrofossils, geochemistry
and stable isotopes in three new cores from lake @vre
Arasvatnet. The presence of conifer DNA in LGM/MIS2
sediments was confirmed, validating the authenticity of
previous finds. The LGM/MIS2 levels in the new cores
have very high organic matter probaly derived from a
high-trophic source. This, along with earlier finds of
bones, suggests that the lake received guano from an
adjacent little auk (Alle alle) colony, which might have
produced local conditions beneficial for plants. The
pollen and macrofossil assemblages are strongly
dominated by Poaceae, Papaver and Brassicaceae,
which is in accordance with other LGM records from
Andgya, and have been interpreted as Arctic conditions
(July temperature 1-5°C). Finds of few but indicative
thermophilous species, together with high pollen
accumulation and macrofossil concentration, seemingly
contradict this by indicating low- to sub-Arctic
conditions (July temperature up to c. 10°C). The
presence of conifer DNA in LGM/MIS2 sediments was
confirmed, validating the authenticity of previous finds.
We conclude that climatic conditions during the LGM
(here 24 — 18 ka cal. BP) could periodically have
supported local conifer growth. We contribute this
unusual vegetation assembly to a combination of highly
variable local climatic conditions (primarily determined
by the strength of the Norwegian current), the
presence of bird manure, nutrient rich habitats, and
glacial age long-distance ice-rafting dispersal from the
east, most likely Siberian rivers.

ID: 02172, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

Holocene hydrological variability in Northern Chile
using 6180 signal on freshwater ostracods and
mollusks
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Denisse Alvarez 1, Javiera Cardenas 2, Pablo
Pedrerosz, Patricia Jana 2, Fernando Torrejonz,
Alberto Aranedaz, Roberto Urrutia’ 1) Facultad de
Ciencias, Universidad Santo Tomas, Concepcion, Chile
2) AquaticSystem Research Unit, Faculty of
Environmental Sciences, Environmental Sciences
Centre EULA-Chile, University of Concepcion, Chile
* Denisse Alvarez, balbinn@gmail.com

Different climatic scenarios have been set by several
studies during the mid-Holocene in northern Chile
(central Andes), which have been attributed to:
different proxies used, space variations, and temporal
resolution. §'°0 signal can be interpreted as variations
in hydrological balance, lake level, temperature or
atmospheric circulation, and thus been a reliable
method to understand past climatic variability. The
objective of this study is to reconstruct the hydrological
balance of a lake from the central Pre-Andes combining
the 6'%0 signal of ostracods and mollusks, and establish
their timing with the previous records during the
Holocene. Inca-Coya is a lake located at the central Pre-
Andes, where the precipitation is lower than 200
mm/yr. A sediment core was retrieved in the deepest
part of this lake where biogenic carbonates were
identified. The age model was performed combining
1%}, data and *C of amphibian bones. 80 analyses
were performed in Limnocythere elongate (ostracods)
and  Heleobia sp. (gastropod). In  addition,
sedimentological analyses (LOlssg, LOlgso, and magnetic
susceptibility) were included. The results showed that
both species presented a roughly similar trend of 80
ranging between 1.31%o0 and 3.89%., where ostracods
had higher amplitude of values. A period of positive
hydrological balance was identifying during the early
Holocene, extended until 9 kyr BP. During mid-
Holocene the 6'0 in mollusks tended to rapid increase
coinciding with several more positive peaks §°0 in
ostracods and high LOlgsy values, which evidence a
negative hydrological balance. The 5'°0 decreased
during the last 2000 years, suggesting more humid
conditions but not as humid as the conditions of the
early Holocene. In conclusion, our results are in
agreement with the records from the Altiplano and
represent a regional hydrological variability. This
research was supported by UST Project N°22462 and
CRHIAM/Fondap 15130015.

ID: 02287, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

Temperature variability in lakes in different altitude
in Central Chile during the last millennium.

Denisse AIvarezl, Pablo Pedrerosl, Fernando
Torrejénl, Alberto Aranedal, Roberto Urrutia® 1)
AquaticSystem Research Unit, Faculty of Environmental
Sciences, Environmental Sciences Centre EULA-Chile,
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University of Concepcion, Chile

* Denisse Alvarez, balbinn@gmail.com

Meteorological records in Chile has shown different
behaviour in air temperature during the last three
decades, observing a cooling tendency in the coastal
zone and warming towards the Andes. Due to the lack
of long-term meteorological data is not possible to
know if this pattern has been repeated in the past
because instrumental measurements of temperature
are only available for the last hundred years. Hence the
"calibration in time" approach in lake sediments
permits to reconstruct past temperatures with high
temporal resolution (annual or decadal) using sensitive
proxies to this variable. According to this, the objective
of this study was determined is the observed air
temperature pattern has occurred in the last thousand
years in different altitude in Central Chile. To achieve
this goal the temperature estimated by calibration in
time, using in situ reflectance spectrometry of three
lakes, were compared: Laguna Chica de San Pedro -
LCSP (43 m a.s.l), Laguna Amargo (730 m a.s.l)
and Laguna Aculeo (Von Gunten et al. 2009).
Preliminary results, evidenced temperature
fluctuations during the last millennium, showing high
temperature (similar to today) between 1000 - 1320 AD
and a decreasing between 1370 - 1690 AD, coinciding
with MCA and LIA, respectively. During 20th century,
the temperatures tended to increase rapidly, with
higher amplitude (~2°C) in lakes located in the Central
Valley and in the Andes Mountain Range (above 300 m
a.s.l.) in comparison with the coastal lake (<50 m a.s.l),
where the temperature variation was near to 1°C. The
incorporation of new lakes will allows enhancing the
knowledge of spatial behaviour of temperature during
the last millennium, which has implications in the
biological diversity and their distribution. This research
was supported by CRHIAM/Fondap 15130015.

ID: 01310, 05.- Disturbance dynamics across spatial and
temporal scales: fire, wind, pathogens and post-
disturbance run off as drivers of environmental change,
(Poster)

Late Holocene vegetation dynamics and disturbance
regime in north Patagonia

Valentina Alvarez Barral, Sonia L. Fontanal, Thomas
Giesecke® 1) Department of Palynology and Climate
Dynamics- University of Gottigen * Valentina
Andrea Alvarez

Barra, valentina.alvarez.barra@gmail.com

The transition from the temperate rain forest to the
Patagonian steppe of the southern Andes in Argentina
is one of the most remarkable vegetation gradients.
The vegetation changes correspond to a west-to-east
precipitation gradient, documenting that climate is the
main control on the regional-scale variability in
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vegetation composition. We collected sediment cores
from two lakes: Lake Bruja (40°14’S, 71°30°W; 1069m)
and Lake Avutarda (40°23’S, 71°25°W; 1610m). Core
Bruja was dated to 3600 years ago and core Avutarda
dated to 2800 years ago. Preliminary results show the
presence of several tephra deposits in both cores
suggest high volcanic activity. Both cores show
fluctuations in the percentages of Nothogafus dombeyi-
type, with the increase of pollen from herbaceous taxa
at the decline of N. dombeyi—type. Both lakes are
within and or close to the distribution of Nothogafus
obliqua and Nothofagus alpine. At around 1000 years
ago the pollen diagram from Bruja shows an increase in
the abundance of the N. obliqua pollen type, which
includes N. alpina. Avutarda record shows the pollen
type for the last 2000 years with an increase around
1000 years ago. Thus, both diagrams documents that N.
obliqua and potentially also N. alpina have become
more abundant in the region during the last millennia.

Human impact is possible to recognize in both
records in the presences and increased abundance of
Rumex acetosella, Plantago lanceolata related to
severe overgrazing by sheep and cattle during the first
three or four decades of this century, documented for
this zone. Pollen of Pinus spp is another indicator of
human land use documenting the initiation of
plantations for timer production. The appearance of
these indicator taxa coincides with the decrease in the
percentage of Nothofagus dombeyi-type.

ID: 01328, 15.- The Holocene - its climate variability and
rapid transitions, (Poster)

Differential response of Holocene climate variability
observed from lake records along an elevational
gradient in the intermediate latitudes of the Southern
Hemisphere.

Matias AIvarez—Frugonel, Josué PoIanco-Martl'nez4,
Claudio Latorrez, Ana Morenoa, Blas Valero-
Garcés® 1) Laboratorio Internacional de Cambio
Global, LINCGlobal PUC-CSIC(IPE). 2) PHE, UMR CNRS
5805 EPOC, Université de Bordeaux, Allée Geoffroy St
Hilaire, Batiment B18 CS 50023, 33615, Pessac,
FRANCE. 3) Departamento de Ecologia, Pontificia
Universidad Catodlica de Chile (PUC), Alameda 340,
Santiago, Chile. 4) Instituto Pirenaico de Ecologia, Avda.
Montafana, 1005. Zaragoza 50059 Spain.
* Matias Frugone Alvarez, matutefrugone@gmail.com

We present a temporal analysis of high-resolution
geochemical data series obtained from Holocene
sediment cores recovered from two lakes in central
Chile (Laguna del Maule [LdM: 362S, 2200 m] located in
an active volcanic field the Andes, and Laguna
Vichuquén [VIC: 34°S, 722 05’W, 4 m] on the coast) to
study the existence of cycles associated with climatic
forcing. Temporal dynamics were established using a
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spectral analysis (Morlet wavelet power spectrum or
MWPS and Lomb-Scargle Fourier Transform or LSFT)
and break points methods for quantifying major
climate transitions present in the geochemical proxies.
Both sequences reveal high periodicity. The MWPS
analysis for the LdM sequence shows two periods of
minimum variability between ~13 - 9 ka and 7 - 5 kKa,
which occurred during lower lake levels. The wavelet
and LSFT analysis show significant peaks at ca. 5000,
200 (De Vries/Suess oscillation), 80 (Gleissberg cycle),
and 60-yrs cycles for LdM and at 1500, 650, 300, 13,
~10.5 (11-yr Schwabe cycle), and ~5.5-yrs (ENSO) cycles
for VIC. During the mid-Holocene, the VIC record shows
low-frequency cycles in productivity, clastic input and
paleoredox indicators that appear to be driven by the
Southern Westerlies (SW) variability at centennial
scales. Both records are underlain by a period of
minimum variability between ~7 - 4/3 ka that was
coeval with aridity at the regional scale prior to 3-4 ka.
Bioproductivity began to increase ~4 - 3 ka in both
records as evidenced by the MWPS analysis, which
could reflect the onset of modern ENSO dynamics.
These cycles are related to the ENSO/PDO though
changes in the dynamics of the SW and Hadley Cell
circulation. Also, the dominance frequencies in the
spectra with similar periodicities as solar activity
suggest that this could have been a dominant forcing of
paleoclimate during the Holocene in the Central Chile.

ID: 01454, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

Variations in near-bottom flow of ACC during past
glacial cycle in SW Indian Ocean

Helen Eri Amslerl, Minoru Ikeharaz, lan Nicholas
McCave®, Samuel L. Jaccard® 1) Institute of Geological
Sciences and Oeschger Centre for Climate Change
Research, University of Bern 2) Kochi University, Japan
3) University of Cambridge, United Kingdom
* Eri Amsler, helen-eri.amsler@geo.unibe.ch

The meridional overturning circulation of the ocean
plays a key role in global climate variability by storing
and redistributing heat, fresh water, carbon and
nutrients. In the North Atlantic surface water sinks to
the abyss, but a major part of this cycle is the return
path from the ocean’s interior through upwelling in the
Southern Ocean. This upwelling is largely regulated by
the latitudinal position of the Southern westerly winds
associated with the deep-reaching  Antarctic
Circumpolar Current (ACC).

Climate model studies show progressively poleward
intensifying winds, related to increased ACC transport
and southward shifting of its mean position and
increased upwelling. However, a number of recent
numerical studies have shown that the sensitivity of
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the large-scale circulation in the Southern Ocean may
be reduced by eddy-effects.

As there remains significant uncertainty regarding the
degree of sensitivity of the Southern Ocean circulation
to wind stress and the response of the Antarctic
circumpolar transport, our aim is to investigate the
temporal and latitudinal evolution of the ACC dynamics
over the last glacial cycle.

Previous studies suggested a stronger ACC during
glacials in the Indian Ocean, but more recent studies in
the Drake Passage and Scotia Sea indicate less
throughflow during glacials and lateral differences in
current speeds. Here we present the sortable silt
mean-size of a series of cores across the ACC in the SW
Indian Ocean, the mean-size of the re-deposited silt
fraction being proportional to the near-bottom flow
velocity.

ID: 01271, 31.- Global Dust Deposition in Past, Present,
and Future Climates, (Poster)

Dust records during 38-15 kyr BP in arid Central Asia
and its connection with abrupt climate events in the
Northern Hemisphere

Chengbang An', Yongtao Zhao', Jiaju Zhao' 1) Key
Laboratory of Western China’s Environmental Systems
(Ministry of Education),College of Earth and
Environmental Sciences, Lanzhou University
* Chengbang An, cban@Izu.edu.cn Little is known
about dust history in arid Central Asia during the last
Glacial. Here we demonstrate that grain-size changes in
the sediment of two lakes, which are located at the
core area of arid central Asia, document the dust
deposition during 38-15 cal kyr BP. We find that periods
30.5-35, 23.8-25, and 15-16.5 cal kyr BP are
characterized by intensive dust storm deposition in the
study area. The peaks of dust variation in arid Central
Asia are correlated with dust variations seen in
Greenland ice core during glacial time, suggesting a
correlation with abrupt climate change such as Heinrich
events recorded therein. Dust originated from arid
central Asia are transported to northern China mainly
by winter monsoon, but are transported to far
depositional areas such as Greenland by westerlies. So
dust records in Chinese loess and Greenland represent
different wind systems, and that dust records from
Chinese Loess Plateau or Greenland can not completely
represent dust variations in arid central Asia. Arid
Central Asia may be considered as a pacemaker of
climate change in the Northern Hemisphere.

ID: 01941, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Poster)
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Past Asian Monsoon circulation from tree-ring
isotopes and proxy system models

Kevin Anchukaitisl, William Wrightl, Michael Evansz,
Dario Martin-Benito3, Mary Gagen4, Allegra
LeGrande®, Brendan Buckleys, Edward Cook® 1)
School of Geography and Development and Laboratory
of Tree-Ring Research, University of Arizona, Tucson,
AZ, USA 2) Department of Geology and Earth System
Science Interdisciplinary  Center, University of
Maryland, College Park, Maryland, USA 3) Institute of
Terrestrial Ecosystems, ETH Zirich, Zurich, Switzerland
4) Department of Geography, Swansea University, SA2
8PP, Wales UK 5) National Aeronautics and Space
Administration Goddard Institute for Space Studies,
New York, NY 10025 6) Lamont Doherty Earth
Observatory of Columbia University, Palisades, NY
10964 USA
* Kevin Anchukaitis, kanchukaitis@email.arizona.edu

The Asian monsoon can be characterized in terms of
both precipitation variability and atmospheric
circulation across a range of spatial and temporal
scales. While multicentury time series of tree-ring
widths at hundreds of sites across Asia provide
estimates of past rainfall, the oxygen isotope ratios of
annual rings at some of these sites may reveal broader
regional hydroclimate and atmosphere-ocean
dynamics. Here we present a replicated multicentury
stable isotope series from Vietnam that integrates the
influence of monsoon circulation on water isotopes.
Stronger (weaker) monsoon flow over Indochina is
associated with lower (higher) oxygen isotope values in
our long-lived tropical conifers. Ring width and isotopes
show coherence at multidecadal time scales, and
together allow past precipitation amount and
circulation strength to be disentangled. Combining
these data with proxy systems models using
simulations from isotope-enabled circulation models
allows us to assess the mechanisms responsible for
proxy formation.

ID: 01236, 23.- Regional syntheses of human-climate-
environment interactions, (Poster)

Impacts of Climate Change and Variability on Food
Security in Kenya.

HEZRON ANDANG'O', PHILIP OMONDI’ 1)
UNIVERSITY OF NAIROBI 2) WORLD FOOD
PROGRAMME

* Hezron Andang'o, awitihezron@gmail.com

The economies and livelihoods of people in Kenya is
dependent on rain-fed agriculture that is highly
sensitive to extremities in weather climate variabilities.
Despite progress made in reducing extreme poverty
and food insecurity in Kenya, climate continues to pose
significant threats. It is therefore critical to address

Zaragoza, Spain, 9-13 May 2017

164

PAGES —OSM 2017

these risks, and focus efforts in building resilience
among the most vulnerable populations.

In order to identify policies to support the most
vulnerable people in the region, it is important to
understand what the climate impacts are on livelihoods
and food security so that such credible information can
inform on the most vulnerable and why prioritize
interventions. The Kenya’s Vision 2030 advocates for a
secure and wealthy Nation anchored by an innovative,
commercially oriented and competitive agricultural
sector. This can’t be attained if the impacts of extreme
climatic events on agriculture and food security are not
well understood. This study documents past and
current climate trends, identifies geographic patterns
of variability, seeks to understand how previous
climate shocks and stressors align with trends in food
production outcomes so as to help identify priority
areas that are particularly vulnerable. This will be
useful to a wide range of stakeholders in targeting
priority areas for intervention.

The methodology adopted includes an estimation of
the annual economical exposition to drought based on
Standardized Precipitation Index (SPl), key food
security variables for analysis include crop production,
area under harvest, yields, and nutrition. The results
showed areas vulnerable communities to be highly
impacted by climate change and variability.

Key Words: Climate change, food security, Adaptation,
Standardized Precipitation Index

ID: 01775, 20.- From early human impacts to the Great
Acceleration: A paleoscience perspective on the

climate-landscape-human multiple connections,
(Poster)

Pollen, NPP, Charcoal and Historical Documents
Record Late-Holocene and Historical Change at

Coastal Wetlands Along the Central California Coast,
USA

R. Scott Andersonl, Ana EjarqueZ 1) School of Earth
Sciences & Environmental Sustainability, Northern
Arizona University, USA 2) CNRS GEOLAB, Université
Blaise Pascal, France *R.
Scott Anderson, Scott.Anderson@nau.edu

Late Holocene pollen, Non-Pollen Palynomorphs (NPP)
and charcoal records from small ponds along the south
central coast of California, USA, detail the relative
impacts on the environment of different cultural
traditions, first by Native Americans, followed during
the 18" and 19" centuries by Spanish, Mexican and
American settlers. Matching this multi-proxy, high-
resolution paleoecological study with historical records
allows us to characterize the development of colonial
transported landscapes following Euro-American
settlement along the coast, from Santa Barbara to
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north of San Francisco. We coupled radionuclide
dating, Spheroidal Carbonaceous Particles and
stratigraphic changes of paleoecological markers
indicative of land-usage to build historic chronologies.

Pollen records from Mod and Dune Ponds suggest that
vegetation has remained a mosaic of sage scrub on
lowlands and oak woodland on uplands for most of the
late Holocene. Recurrent fire was intimately linked
with such dominating mosaic vegetation and native
populations used it as a tool to keep an open coastal
landscape attractive to hunting wildlife despite climatic
variability. Minor changes in the proxies at several sites
record the Medieval Climatic Anomaly and LIA climatic
fluctuations.

Evidence of Euro-American local impact begins with the
first Spanish expeditions in the 1760-70s. In the Santa
Barbara region, the introduction of livestock grazing by
Spanish colonists after settling the area in the 1780s
favored erosive processes and the introduction of
fecalborne parasites in freshwater bodies; negatively
impacted coastal marshes; and promoted the invasion
of alien grasses and ruderals. Deposition of
coprophilous fungi show local grazing impacts during
this time. Local burning by native populations was
banned by Spanish proclamation in 1793, being noted
also in the charcoal stratigraphy. This agro-pastoral
landscape was consolidated during this American
period, with a greater role for cultivation, woodland
clearance, the development of industrial activities and
increased population.

ID: 01540, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Poster)

Factors that affect sedimentary 231Pa/230Th ratios

Robert Anderson’ 1) Lamont-Doherty Earth
Observatory of Columbia University
* Robert Anderson, boba@I|deo.columbia.edu

Sedimentary 231Pa/mTh ratios have been used
extensively in the paleoceanographic literature as a
proxy for the rate of deepwater ventilation, especially
in the Atlantic Ocean where the rate of formation of
North Atlantic Deep Water has been invoked as the
principal factor that regulates the unsupported
231Pa/BOTh ratio archived in the sediments. This
application relies on two assumptions: 1) that the
dissolved 231Pa/BOTh ratio in deep water is affected
primarily by the rate of deepwater ventilation, and 2)
that the sedimentary 231Pa/zsoTh ratio responds to
changes in the dissolved 21pa/>%Th ratio in a simple
and predictable manner. Here we test the first
assumption using data from the GEOTRACES GAO3
section between North America and North Africa. In
the western North Atlantic, where near-bottom
turbulence maintains persistent and intense nepheloid
layers, we find that the enhanced preferential
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scavenging of Th relative to Pa elevates the dissolved
231Pa/mTh ratio relative to surrounding waters. In the
eastern North Atlantic a similar effect is found in the
region of most intense deposition of dust from North
Africa, where we find some of the highest dissolved
21pa/?°Th ratios anywhere in the ocean. In both
cases, the relatively high dissolved 231Pa/mTh ratios are
attributed to the preferential scavenging and removal
of Th by lithogenic particle phases. The fate of these
deep water masses imprinted with high dissolved
231Pa/mTh ratios, their impact on sedimentary
231Pa/mTh ratios elsewhere in the North Atlantic, and
the overall sensitivity of sedimentary records used to
infer past changes in deep water ventilation to variable
supply of lithogenic material, whether from continental
erosion, resuspended bottom sediments or dust,
remain unexplored.

ID: 01434, 01.- Open Session on past global changes,
(Poster)

Paleolakes reconstruction in the southeastern

Scandinavian ice sheet edge

Nikolai Anisimov’ 1) Herzen State Pedagogical
University of Russia
* Nikolai Anisimov, nvanisimovl@gmail.com

The study of glacier erosion processes, paleolake
dynamics and topographical changes, together give us
insight into both localized and broader landscape
evolution patterns while also assisting human
exploration.

Objective: reconstruction of glacial lakes based on
lithostratigraphic and geomorphic analysis using GIS
technology. The GIS was used as a means to categorize
published, time mapped data and thereby fuse and
unify the changes into a single, integrated prototype.
Publications on limnologo-glaciological and
geomorphological reconstructions of paleotopography
and paleolakes north of the Russian plain, along with
additional copyrighted and grant-funded GIS studies,
together served as resources to authenticate the
paleolake contour modeling.

Based upon preliminary results from publication
summaries, and initial data collected when analyzing
the maps (quaternary sediments, geomorphological,
topographical), the contours and maximum glacial lake
rise levels in the southeastern Scandinavian ice sheet
periphery, including the levels and contours of their
coastline, have been duly identified.

The model reflects drain reconstruction and primary
watershed migration within the territory in question.
Paleobasins  undergoing  deglaciation  processes
repeatedly cooperated with one-another other to form
lake systems, and then eventually collapsed or broke
up into separate lakes.



ABSTRACT BOOK

The highest raised beach level terrace formations were
recorded at the Molovo-Sheksninskoy (150 m), at the
Vozhe-Lachensk (150 m), and at the Belozersk (145 m)
lakes. The lowest levels (below 70 m) but with the
greatest number of raised beach terrace formations (6-
7) were found at the Onega and Nizhnesuhonskovo
lakes. Of the larger glacial lakes studied, two have
completely disappeared (Nizhnesuhonskoy, Vazhskoy),
four have been preserved as primordial (Vozhe, Beloye,
Kubenskoe, Onega). The Molovo-Sheksninskoy and
Srednesheksninskoy paleolakes also have an interesting
history where back in the 20" century, after the Volga-
Baltic Waterway reconstruction project took place,
their levels were elevated by 18 m; and thus, the Late
Pleistocene paleobasins were reengineered through
human intervention to become what became known as
the Sheksna and Rybinsk freshwater reservoirs.

ID: 01597, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Poster)

Deglaciation and Holocene climate change in the Tore
Seamount

Laura Anténl, Susana M.Lebreirol, Silvia Navez, Eva
Bellido®, Pilar Mata® 1) Instituto Geoldgico y Minero
de Espafia 2) Laboratorio Nacional de Energia e
Geologia, Portugal * Laura Anton
Lopez, l.anton@igme.es

The Tore Seamount has a 5500 m water depth deep
basin in the middle - isolated from the open ocean, and
providing a singular palaeoclimatic record in the North
Atlantic Ocean. It is located about 300 km west off the
Iberian margin, and we predict acts as a giant sediment
trap of subtropical gyre productivity.

Core MD13-3473 was recovered using a Calypso giant
piston corer during cruise Gateways Tore Eurofleets
[MD194], in 2013, onboard the R/V Marion Dufresne.
Although the 24 m long sediment record covers the last
430 thousand years (from Marine Isotopic Stage 11
(MIS 11) to the Holocene), this study focus on the last
deglaciation period.

To establish the best chronostratigraphy for this time
interval (6 ky—21 ky BP.) and assess temperature and
productivity changes in the Tore Seamount record,
different analyses have been carried out at high-
resolution: color intensities, physical properties,
geochemical composition, organic carbon,
microscopical and compositional analysis of lithic
particles  (ice-rafted  debris) and planktonic
foraminiferal assemblages.

By combining these records, we were able to approach
glacial to interglacial changes in temperature and
productivity, and identify Heinrich event 1 (HE1), which
altogether reveals specific lithological, biological, and
physical characteristics.
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An age model has been developed for the deglaciation
based on five AMS radiocarbon ages, and correlation
with the GISP2 ice core and d'®0 G.bulloides curves
from other nearby marine cores of the North Atlantic
Ocean. Two AMS radiocarbon ages gave anomalous
data, due to the presence of reworked material in
these samples and pointing to a turbidite deposit in the
middle of hemipelagic sediment, whose emplacement
was just after HEL.

A thorough study of all these data is necessary to prove
the singularity and exceptional paleoceanographic
capacity of the Tore Seamount as a sediment trap in
the North Atlantic.

ID: 02295, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

A Late-Pleistocene chironomid record from Northern
Patagonia: does it reflects similar trends than classical
proxies?

Alberto Araneda Castillol, Patricia Jana—Pinninghoffl,
Carolina Vergaral, Denisse AIvarezl, Fernando
Torrejon1 , Nathalie Fagel2 , Mauricio Aguayo1 , Roberto
Urrutia® 1) Group of Paleolimnological Studies (GEP),
Faculty of Environmental Sciences/EULA-Chile Center,
University of Concepcion 2) AGEs, Department of
Geology, University of Liege, Sart Tilman, B-4000 Liege,
Belgium * Alberto Araneda, aaraneda.ec@gmail.com

Important climatic changes have occurred since the
Late-Pleistocene in Northern Patagonia due to
millennial-scale changes in southern westerly winds.
While wetter conditions are recorded between 11,800
and 16,000 yr BP, a dryer period is recognized between
9,800 and 11,800 yr BP. Most of those paleoclimate
studies in the area have been based in pollen and
stable isotopes analyses. Chironomids are non-bitting
midges that have been broadly used to infer past
temperatures, however its application in Northern
Patagonia is very limited. Hence the objective of this
work was to reconstruct climate since 15,600 cal. yr. BP
in Lago Cisnes, Northern Patagonia (~47° S), using
chironomids for corroborating other proxies trends.
Three different zones were identified by CONISS
analysis. Zone |, between 15,600 and 12,000 cal. yr. BP
have low abundances and includes Tanytarsini type-B,
Dicrotendipes, and Ablasbemyia. The number of head
capsules increase in Zone Il (12,000-8,000 cal yr BP),
Tanytarsini and Parapsectrocladius increase at 10,000
cal. yr. BP and Ablasbesmyia decreases. Head capsules
increases again in Zone IIl (8,000-2,200 cal. yr. BP),
appearing in this period Polypedilum, Alotanypus, and
Cricotopus. The maximum abundance in head capsules
occurs at 5,000 cal. yr. BP while Parapsectrocladius
disappears in this zone. After 2,200 cal. yr. BP, total
head capsules decreases, disappearing Macropelopia
and Polypedilum while Chironomus and Tanytarsini
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type-B, taxa typical of higher trophic state, increases.
Chironomid assemblage of Lake Cisnes suggest lake
level fluctuation is one of the most important variable
in to determine changes in the aquatic ecosystem
which in turn is associated to changes in other
variables. Disentangle such association is a challenging
issue to determine the effects of temperature forcing
itself. Partially funded by Fondecyt 1160719.

ID: 01318, 15.- The Holocene - its climate variability and
rapid transitions, (Poster)

Late Holocene human-environment interactions in
New Zealand: a biomarker approach

Elena Argiriadisl, Marco Vecchiatol, Torben
Kirchgeorgl, Dario Battistell, Natalie Kehrwaldz, Alice
CaIIegarol, David B. McWethya, Cathy Whitlock?,
Carlo Barbante' 1) Department of Environmental
Sciences, Informatics and Statistics, University of
Venice Ca' Foscari, Via Torino 155, 30170 Venezia
Mestre, Venice, Italy 2) United States Geological
Survey, Geosciences and Environmental Change
Science Center, Lakewood, CO 80225, USA 3)
Department of Earth Sciences, Montana State
University, Bozeman, MT 59717, USA
* Elena Argiriadis, elena.argi@unive.it

The recent colonization history of New Zealand makes
it an excellent test site for investigating the early
impact of human activities on natural ecosystems. The
arrival of humans around 700-800 yr BP is marked by a
neat increase in fire activity and land clearance, as
documented by charcoal and pollen records. Here, the
validity of biomarkers was tested in a multi-proxy study
including three different categories of organic
molecular markers. Results were compared with
existing paleoecological data.

Samples from a small alpine lake in the South Island of
New Zealand (Lake Kirkpatrick, Otago), covering a time
span of about 800 years (~“AD 1153-1961), were
analyzed for polycyclic aromatic hydrocarbons (PAHs)
as combustion tracers, monosaccharide anhydrides
(levoglucosan and its isomers, MAs) as specific markers
of biomass burning and fecal sterols (FeSt) for the
reconstruction of human/animal presence, organic
matter input and chemical conditions of the basin. All
tracers peak sharply and abruptly in a brief period
centered at about AD 1350, which corresponds to the
first increase in fire activity and decline in arboreal
species in the South Island. Values decrease to
background after ~AD 1400, until the beginning of the
19™ century, when a huge increase is registered in FeSt
after the European arrival.

Results are confirmed also by the FeSt record from Lake
Diamond, not far from Lake Kirkpatrick, that is
coherent with significant human presence and
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increased erosion and sedimentation during the 14"
century. Such changes are consistent with the so-called
“AD 1300 event”, a short period of increased
precipitation and erosion observed in many records
from Pacific Islands. Whether natural changes affected
human settlement and land use or vice-versa is matter
of debate, and multi-proxy studies look promising in
the reconstruction of such complex interactions and
feedbacks.

ID: 02086, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Poster)

Reduced Earth system resilience
Palaeocene-Eocene Thermal Maximum

across the

David I. Armstrong McKayl, Timothy M. Lenton® 1)
Ocean and Earth Science, University of Southampton 2)
College of Life and Environmental Sciences, University
of Exeter  * David Armstrong Mckay, D.Armstrong-
McKay@noc.soton.ac.uk

Several past episodes of rapid carbon cycle and climate
change are hypothesised to be the result of the Earth
system reaching a tipping point beyond which an
abrupt transition to a new state occurs. At the
Palaeocene-Eocene Thermal Maximum (PETM) ~55.5
Ma hypothesised tipping points involve the abrupt
transfer of carbon from surface reservoirs to the
atmosphere. Theory suggests that tipping points in
complex dynamical systems should be preceded by
early warning signals (EWS) due to critical slowing
down of their dynamics, including increasing temporal
autocorrelation and variability. However, detecting
EWS in palaeorecords is challenging, with issues of data
quality, false positives, and parameter selection
potentially affecting reliability. Here we show that in
the highest-resolution palaeorecord currently available,
there is consistent evidence of destabilisation of the
carbon cycle prior to the PETM, elevated carbon cycle
instability after the PETM in the lead up to Eocene
Thermal Maximum 2 (ETM2), and further instability
thereafter. This may reflect gradual forcing of the
carbon cycle due to the North Atlantic Volcanic
Province eruptions. Whilst our results do not prove the
existence of a tipping point, they do indicate a loss of
‘resilience’ in the carbon-climate system with
weakened stabilising negative feedbacks.

ID: 01790, 26.- Data Stewardship for Paleoscience,
(Poster)

From core referencing to data re-use: two French
national initiatives to reinforce paleodata stewardship
(National Cyber Core Repository and LTER France
Retro-Observatory)
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Fabien Arnaudl, Cécile Pignoll, Pierre Stéphanz,
Mathias Rouanz, Elodie Godinhoa, Bruno Galabertier' ,
Arnaud Caillo* 1) EDYTEM, Université de Savoie Mont-
Blanc, CNRS, 73370 Le Bourget du Lac 2) LETG,
Université Bretagne Occidentale, CNRS, 29000
Plouzané 3) C2FN - DT INSU, CNRS, Zone port.
Brégaillon 83500 La Seyne sur Mer 4) OASU, EPOC
Université de Bordeaux, CNRS, Saint-Hilaire, 33615
PESSAC * Fabien Arnaud, fabien.arnaud@univ-smb.fr

Managing paleoscience data is highly challenging due
to multiplicity of actors, types of sampling, analysis,
post-analysis treatments. However, a well-structured
data curation would permit innovative developments
based on data and/or sample re-use, as meta-analysis
or development of new proxies on previously studied
cores. In this paper, we present two initiatives that
allowed us tackling this objective at a French national
level: “National Cyber Core Repository” (NCCR) and
“LTER-France retro-observatory” (ROZA).

NCCR was developed under the umbrella of the French
National Center fo Coring and Drilling (C2FN) thanks to
the national excellence equipment project CLIMCOR. It
aims at gathering on a unique website the locations
and metadata of any scientific coring/drilling
performed by French teams or using French facilities,
whatever the type of archive it is (lake/marine
sediment; ice etc.). It uses international standard,
notably IGSN (for samples), ORCID (for persons) and
DOI (for campaigns). NCC follows the INSPIRE ISO
19115 standard in order to catalogue the data. For
continental sediment, NCCR may be fed directly on the
field through a specifically developed mobile
application.Based on NCCR, further initiatives may be
led. In particular, under the umbrella of LTER-France
(Long Term Ecological Research), we developed ROZA
in order to facilitate the re-use of data and samples.
Here the idea is to capitalise the knowledge on a given
lake from which several sediment cores can be taken
through time. In that aim we selected at least one lake
from each of the 13 areas composing the network
LTER-France. To enter the database, a set of
mandatory data must be provided under a pre-
determined format. In that case, the insertion of ROZA
within the network LTER will favor to use of paleodata
by non-paleodata scientists, in particular ecologists.

ID: 02248,19.- Do species move, adapt or die?
Exploring past biodiversity, ecological change and
community dynamics in the fossil record, (Poster)

Developing the use of mammalian tooth crown height
to quantify precipitation in the Late Pleistocene

David Arnold® , Danielle Schreve' , Simon Blockley1 1)
Royal Holloway University of London
* David Arnold, david.arnold.2013@Ilive.rhul.ac.uk
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The Late Pleistocene is a period characterised by
abrupt shifts in climate in Europe, driven by a range of
forcing factors. There is evidence of semi-arid
environments spreading through the Late Pleistocene,
highlighted by the westward migrations of arid-
adapted mammals. However, relating these faunal
migrations to the wider unstable climatic regime is
hampered by a current lack of quantitative
precipitation estimates at a representative spatial scale
and within a robust dating framework.

Recent work on both modern herbivores and Neogene
fossils has revealed the utility of large herbivore
hypsodonty (tooth crown height) as a method of
quantifying past and present precipitation. Fortunately,
the abundance of Late Pleistocene mammal
assemblages provides excellent spatial coverage and
have often had robust dating methods applied.

Preliminary analysis of the existing hypsodonty-
precipitation models and datasets indicates
generalisation of the relationship between hypsodonty
and precipitation across large spatial areas as well as
suppression of natural variations in hypsodonty. Here,
we attempt to improve existing models by creating a
large modern training set using well-provenanced
museum specimens. Thus far it appears that the
relationship between hypsodonty and mean annual
precipitation that is shown in the previous models
appears not to be present in our dataset, whereas a
stronger relationship with seasonality is shown. After
the development of our improved model we aim to use
it to quantify precipitation at Late Pleistocene sites.
This will provide the first quantitative reconstructions
of past precipitation. Existing radiocarbon based
chronologies will be used to deliver a robust
chronology of past precipitation values at a high
temporal resolution. This will permit us to assess the
control of abrupt climate changes on aridity and the
effects of this upon faunal migration and hominins.

ID: 01311, 01.- Open Session on past global changes,
(Poster)

The Batagay mega thaw slump reveals the Late
Pleistocene history of inland West Beringia

Kseniia Ashastina® , Frank Kienast® , Lutz
Schirrmeisterz, Svetlana Kuzmina® , Natalia Rudaya4 1)
Senckenberg Research  Station of Quaternary

Palaeontology, Weimar, Germany 2) Alfred Wegener
Institute for Polar and Marine Research, Potsdam,
Germany 3) Unversity of Alberta, Edmonton, Canada 4)
Institute of Archaeology & Ethnography, Russian
Academy of Sciences, Siberian Branch, Novosibirsk,
Russia * Kseniia Ashastina, k.ashastina@gmail.com

Beringia is a well known land bridge between Asia and
America that numerously appeared during the
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Pleistocene low sea level stands. The Arctic Seas shore
line was shifted by 800 km to the north of its current
position, which caused an increase of climatic
continentality compared to the modern conditions.
Beringia has been subject of scientific research for
several decades and is believed to be a main refuge
area of Arctic flora and fauna and also the last asylum
for woolly mammoth. Nowadays, mammoth-steppe or
tundra steppe vegetation occupy only sparse areas in
landscapes of Northeast Siberia; during the Pleistocene
in this unique biome coexisted animals, some of which
are extinct now and others live in different climate
zones. Material available for palaeoreconstructions is
available from permafrost exposures. A lot of data is
published about the outcrops that are located in
nowaday\'s coastal zone. We would like to report the
material from the inland permafrost exposure, that
never experienced maritime influence, located in the
Yana Uplands. This is the region in Northern Yakutia,
Russia, where the Pole of Cold of the northern
Hemisphere, Verkhoyansk, is found. In conditions
perfect for permafrost preservation, 50 km from
Verkhoyansk, forms the Batagay mega thaw slump.
This is a 800 meter in diameter and 73 m deep
permafrost exposure, where syngenetic deposits
preserve organism remains. We provide a detailed
stratigraphic description of this profile and present
results of cryolithological and geochemical analyses to
deduce the genesis of the permafrost sequence.
Radiocarbon and OSL dating results set the temporal
frame of accumulation of the studied material from the
Middle Pleistocene age till today. Results of
carpological, palynological, entomological analyses
allow us to reconstruct vegetation patterns of Eemian
Interstadial (120-127 ka BP) and Sartan Stadial (26 ka
BP).

ID: 01568, 13.- Pliocene climate variability over glacial-
interglacial timescales (PlioVAR), (Poster)

Palynological records of the Labrador Sea during the
intensification of the North Hemisphere glaciation

Aurélie M.R. Aubryl, Anne de Vernal® 1) GEOTOP
* Aurélie Aubry, aurelieaubry@gmail.com

The Pliocene-Pleistocene transition (2.58 Ma) was
marked by global changes, including a significant
reduction in the concentration of atmospheric co’ (~
400 ppm to 180-280 ppm vs. Pliocene to Pleistocene),
and an intensification of the Northern Hemisphere
glaciation that led to the establishment of the
Greenland ice sheet. If the Greenland ice sheet is the
only one in the northern hemisphere have persisted
during the Pleistocene interglacial (unlike the
Laurentide ice sheet or Innuitian for example), it is
currently threatened by the recent climatic changes.
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We investigate the marine and terrestrial palynological
record from marine core sediment collected in the
Labrador Sea southwest Greenland (Site IODP U1307)
in order to assess on the vegetation over southern
Greenland from pollen and spore and oceanic surface
condition from dinocysts during the Pliocene to
Pleistocene transition (from 3.3 to 2.3 Ma).

The pollen assemblages of Pliocene climatic optimum
suggest input from boreal-type forests located in a
relatively proximal source, likely the southwest
Greenland. In contrast, the assemblages of the early
Pleistocene characterized by low pollen concentrations
together with higher proportion of herb taxa may
indicate that more open tundra-like vegetation
established in the source area. The dinocyst
assembages of the Pliocene are more variable but
suggest cool, low saline environment and stratified
surface water mass, not unlike those prevailing
presently along the the southeastern Canadian
margins. The palynological assemblage also contains
abundant acritarchs, which probably belong to green
algae and are often associated with epicontinental
marine environments and high primary productivity in
the fossil records.

ID: 01683, 01.- Open Session on past global changes,
(Poster)

A new Holocene record of geomagnetic secular
variation from Windermere, UK, and a new northern
North Atlantic geomagnetic reference curve

Rachael S. Averyl, Chuang Xuanl, Alan E. S. Kempl,
Jonathan M. BuIIl, Carol . Cotterillz, J. James
Fieldingl, Richard B. Pearcel, lan W. Croudace’ 1)
aUniversity of Southampton, National Oceanography
Centre, Southampton 2) British Geological Survey
* Rachael Avery, ra3g09@soton.ac.uk

Palaeomagnetic secular variation (PSV) records serve as
valuable independent stratigraphic correlation and
dating tools for marine and terrestrial sediment
sequences, and enhance knowledge of geomagnetic
field dynamics. We present a new radiocarbon-dated
record (WINPSV-12K) of Holocene geomagnetic secular
variation from Windermere, updating the UK master
PSV curve.

Our analyses used continuous u-channel samples taken
from the center of four sediment cores retrieved from
Windermere in 2012. The natural remnant
magnetization (NRM) of each U-channel was measured

before and after stepwise alternating field (AF)
demagnetization on a  superconducting  rock
magnetometer at every 0.5-cm or 1-cm interval

resolution. The NRM data reveal a stable and well-
defined primary magnetization.
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Component declinations and inclinations estimated
using Principal Component Analysis (PCA) of NRM data
from the four Windermere cores correlate well on their
independent radiocarbon age models. The four records
were stacked using a sliding window bootstrap method.
On centennial timescales WINPSV-12K correlates well
with other records from western Europe and the
northern North Atlantic to a resolution of a few
centuries, given age uncertainties and spatial variability
between records.

The WINPSV-12K curves were then stacked against six
other records from the north Atlantic geomagnetic
region, resulting in a new regional PSV reference curve
(NATPSV-12K) which contains characteristic features
including a declination peak at 2.3 cal ka BP and an
inclination trough at 5.15 cal ka BP. NATPSV-12K
provides a regional PSV reference curve whose
prominent features may serve as stratigraphic markers
for north Atlantic palaeorecords.

ID: 01708, 17.- Abrupt climate change: Challenges for
Earth system understanding, (Poster)

A new high resolution deglacial record from

Windermere, UK

Rachael S. Averyl, Alan E. S. Kempl, Jonathan M.
BuIIl, Carol J. Cotterillz, Chuang Xuanl, J. James
Fieldingl, Richard B. Pearcel, Robert Scaifel, Pete G.
Langdon', lan W. Croudace' 1) University of
Southampton 2) British Geological Survey
* Rachael Avery, ra3g09@soton.ac.uk

A new deglacial sediment record is presented from
Windermere, UK, including the first glaciolacustrine
varve record from a currently active British or Irish lake.
The cores, recovered in 2012, have undergone
extensive electron microscope analysis of resin-
embedded thin sections to identify sub-mm scale varve
boundaries and other micro-scale features, augmented
by X-radiography, ITRAX XRF geochemical analysis, and
other complementary techniques.

Annual laminations form a major part of the sequence,
documenting the overall deglaciation of the catchment
as well as interannual to centennial-scale climate
variability. Varves from prior to the Lateglacial
Interstadial (~Gl-1) indicate that ice retreated up the
catchment rapidly enough for a transition from glacial
to nival varves in just two to three decades. Organic-

rich, intermittently laminated muds with diatom
laminae from the Lateglacial Interstadial record
increases in lake productivity during climatic

amelioration. The succeeding Loch Lomond Stadial
(*GS-1) is represented by varves from a nival-
dominated catchment and shows the potential for the
development of a precise varve-dated chronology. The
excellent resolution and location of the Windermere

Zaragoza, Spain, 9-13 May 2017

170

PAGES —OSM 2017

varve records will enable new constraints to be placed
on the nature and timing of deglacial and Lateglacial
climate changes with respect to Greenland and
Northern Europe, and allow the identification of leads
and lags in the climate system of the region.

ID: 01369, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

Response of Sandy Lake in Schirmacher Oasis, East
Antarctica to the glacial-interglacial climate shift

Mahesh Badanall, Anish Warrierz, Rahul Mohanl,
Manish Tiwari® 1) National Centre for Antarctic and
Ocean Research, Headland-Sada, Vasco-da-Gama, Goa
403804, INDIA 2) Department of Civil Engineering,
Manipal Institute of Technology, Manipal University,
Manipal - 576104, Karnataka, INDIA
* Mahesh Badanal, mahe687 @gmail.com

Freshwater lakes in Antarctica fluctuate from ice-free
state (during austral summer) to ice-cover state (during
austral winter). Hence the lake respond instantly to the
seasonal climate of the region. The Antarctic seasons
respond sharply to the glacial and interglacial climates
and these signatures are archived in the lake
sediments. A sediment core from Sandy Lake, a
periglacial-lake located in Schirmacher Oasis of East
Antarctica records distinct changes in grain-size, C, N,
C/N ratios (atomic), 613C0M and 8"Ngy contents during
the last 36 ky. The contents of the sedimentary organic
matter (OM) proxies (Corg~0.3 + 0.2 %, C/N ratios ~9 + 5
and d®Coym ~ -18 + 6 %o) indicate that the OM in this
lake sediment is a product of mixing of terrestrial and
lacustrine biomass. Distinctly lower contents of Cgy,
(~0.2 %) and sand (~50 %), low C/N ratios (~8) and
depleted dlaCOM (~ -20 %o) during the Last Glacial
Maximum (LGM: 32-17 ky BP based on Vostok
Temperatures) suggest greater internal
(autochthonous) provenance of organic matter and
limited terrestrial (allochthonous) inputs probably due
to long and intense winters in the Antarctic. Such
intense winters might have resulted the lake surface to
be ice-covered for most part of the year when the
temperatures remained consistently colder than the
Holocene temperatures. The denitrification within the
lake evident by enriched dlSNo,\,I (>10 %o) during
Antarctic LGM might have resulted from oxygen-
limitation within the lake environment caused by
insulated lake surface. The gradual increases in dBCOM,
C/N and sand content starting at ~11 ky BP and
attaining high values (~-11 %., ~10 and ~80 %
respectively) at ~ 6 ky BP together suggest a subtle
change in the balance of sources of organic matter
between algal and macrophyte/bryophyte nearly 8-9 ky
later to the beginning of the deglaciation. Thus the
seasonal opening-up of the Sandy Lake similar to the
modern pattern started with the establishment of the
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optimum temperature conditions (i.e., 0 °C anomaly) in
the Antarctic, prior to which the lake environment
might have remained mostly insulated or closed.

ID: 01993, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Poster)

Baery knolls - unusual landforms in the Northern
Caspian Plain

Ekaterina Badyukova1 1) Lomonosov Moscow state
university, faculty of geography
* Ekaterina Badyukova, badyukova@yandex.ru

Keywords:  Northern  Caspian  Plain,  bottom
accumulative forms, morphology, lithology, lamination,
‘sheet’ stream.

There are many such forms on the North Caspian
lowland, where the author and colleagues conducted
detailed geologic and geomorphologic field surveys. On
the south, the range of altitudes of Baer knolls (BK)
reaches 10-12 m, and the hills have a general
southwest orientation. The described landforms are
the same BK as those developed along the Volga delta.
The sediments composing the BK consist of
alternations of clay, silt and sand. They contain a rich
complex of brackish water ostracods, detritus and even
whole shells, which indicate their subaqueous genesis.
During the Late Khvalyn, currents dominated in a large
lagoon. Chocolate clay (CC) deposited in it. These
currents were not linked to the littoral zone with wave
activity, as granular composition of the deposits, their
sorting and type of lamination are not peculiar to
sediments of a coastal marine zone. They are
characteristic of unidirectional currents with frequently
changing velocities. Water from the lagoon flowed
through the Manych passage into the Black Sea in the
Late Khvalyn. Hence, last connection of the Caspian
Black and Black Sea was at the end of the Late
Khvalynian time (Early Holocene). At first, the water
overflowed through the Manych passage (minimal
width of 2 km) from the Caspian to the Black Sea; then,
it reversed and flowed from the Black Sea to the
Caspian Sea. At this time, when the most recent alluvial
dam had not yet formed yet in Manych, there was
infiltration of Cerastoderma glaucum to the Caspian
Sea. Discusses the landforms similar to BK, in particular,
the long ridges in the south of Western Siberia.

The work was assisted by IGCP 610 project and Russian
Science Foundation (Projects Ne16-17-10103).

ID: 01526, 32.- Large-scale hydroclimate variability and
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Precipitation, temperature, and teleconnection
signals across the combined North American,
Monsoon Asia, and Old World Drought Atlases

Seung Hun Baekl, Jason Smerdonl, Sloan Coatsz, A.
WiIIiamsl, Benjamin Cook3, Edward Cookl, Richard

Seager1 1) Lamont-Doherty Earth Observatory 2)
University of Colorado-Boulder 3) NASA Goddard
Institute for Space Studies * Seung

Hun Baek, sb3210@columbia.edu

The tree-ring-based North American Drought Atlas
(NADA), Monsoon Asia Drought Atlas (MADA), and Old
World Drought Atlas (OWDA) collectively yield a near-
hemispheric gridded reconstruction of hydroclimate
variability over the last millennium. To test the
robustness of the large-scale representation of
hydroclimate variability across the drought atlases, the
joint expression of seasonal climate variability and
teleconnections in the NADA, MADA, and OWDA are
compared against two global, observation-based PDSI
products. Dominantly positive (negative) correlations
are determined between seasonal precipitation
(surface air temperature) and collocated tree-ring-
based PDSI, with average Pearson’s correlation
coefficients increasing in magnitude from boreal winter
to summer. Precipitation correlations tend to be
stronger in the boreal winter and summer when
calculated for the observed PDSI record, while
temperature correlations remain similar between tree-
ring PDSI and observed PDSI. Notwithstanding these
differences, the drought atlases robustly express
teleconnection patterns associated with the El Nifio-
Southern Oscillation, North Atlantic Oscillation, Pacific
Decadal Oscillation, and Atlantic Multidecadal
Oscillation. These robust expressions in boreal summer
PDSI reconstructions are despite the fact that the
modes of climate variability have the largest
hydroclimatic impacts in the Northern Hemisphere
during the boreal winter, with the exception of the
Atlantic Multidecadal Oscillation, which has the largest
hydroclimatic signal during the boreal summer. Our
findings confirm that the joint Northern Hemisphere
drought atlases combine to robustly reflect large-scale
patterns of hydroclimate variability on seasonal to
multidecadal timescales over the 20th century and are
likely to provide similarly robust estimates of
hydroclimate variability prior to the existence of
widespread instrumental data.

ID: 01723, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Poster)

Pedological response to the dynamics alteration in
environment of the Lover Volga region in the last
macrocycle.
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Buried soils, that keep environmental information in
their features, provide an excellent opportunity to
reconstruct paleoenvironments preceding burial.
Numerous horizons of buried soils have been recorded
in sedimentary sequences of Lower Volga region and
has been used for paleogeographic and
geomorphological studies, stratigraphic correlations in
the area. However, paleopedological work in the region
have been starting for the first time. The Srednyaya
Akhtuba site is a marine terrace, located on the left
bank of the Akhtuba River, the upper part of Lower
Volga region. The site represented by 6 pedogenetic
levels, including 7 soils (MIS1-MIS5) separated by
sediments of different structure and genesis. The upper
part of the section (0-150 cm) presented by a typical
soil Kastanzem (MIS1). Parent rock material is a great
pack (>1m) of the Caspian marine sediments,
represented by a series of layers of «chocolate clays»
(MIS2) with interbedding sand layers. Lower parts, is
represented by a sequence (520-670 cm), formed
during Atelian regression of the Caspian Sea (MIS3-
MIS4), presented by one well-developed soil with
truncated humus horizon and two loessic layers with
signs of soil formation (rhizolithes, manganese nodule,
cryogenesis structure and etc.) in MIS3 stage. From a
depth of 1530 cm begins thick layer of loess-soil series,
presented by MIS5a-e Mezin pedocomplex (Eemian),
correlating to the Late Khazarian and Girkanian
transgressions, with three well-preserved soils. Three
paleosols have common features: semi terrestrial
genesis with gleyic features due to long-term seasonal
overflooding; well developed humus horizons and
complex assemblage of carbonate neoformations,
formed under steppe environment. Pedogenetic
horizons serve as good stratigraphic markers that will
help to correlate late Pleistocene soil-sedimentary
sequences of the whole Caspian-Azov-Black sea region,
East European Plain and link it with global stratigraphic
schemes.

Research was supported by Russian Science

Foundation, project 16-17-10103
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Seasonal variability of biomarker flux in the Chukchi
Sea (Western Arctic) and their relevance for sea-ice
cover reconstruction
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Assessment of spatial and temporal changes of sea ice
in the Arctic Ocean is of importance for understanding
causes for the recent decrease in Arctic sea ice cover.
In this context, the emerging biomarkers Highly
Branched Isopronoids (HBIs) biosynthesized exclusively
by sea-ice dwelling diatoms have proven to be useful
for reconstructing past sea ice distributions. We report
on the export of HBIs, phytosterols and n-alkanes
determined in sinking material collected in the Chukchi
Sea plateau, an area where data are still very scarce.
Vertical fluxes of IP,5 HBI Il and brassicasterol acquired
over one year were combined to improve the use of
these seasonal sea ice proxies.

Sediment traps were deployed at a water depth of 870
m from August 2008 to September 2009. Highest mass
flux values occured from mid-July 2009 to September
2009. During all other months (i.e. December 2008 to
June 2009) fluxes were fairly low. The absence of IP,s
from November 2008 to June 2009 is consistent with
predominantly sea ice covered conditions and limited
export. Summer 2009 was characterized by higher sea
ice algae and pelagic phytoplankton production
compatible with ice edge conditions ending with the
onset of new-ice formation late September. In contrast,
end of summer 2008 high flux values of IP,; and HBI
triene (HBI IIl) are suggestive of a complete melting of
sea ice in the mooring area as attested by remote
sensing data.

Surface sediments were also collected to examine the
spatial sea-ice distribution in the Western Arctic.
Surface sediments show higher IP,5 values in the South-
East Chukchi Sea decreasing westwards due to less
severe sea ice conditions. The spatial sedimentary
phytosterol distribution shows enhanced primary
productivity in the seasonally ice free zone in the
Southern Chukchi Sea (<70°N).

ID: 01834, 06.- Before and after - climate contrasts
across the MPT, (Poster)

Radiometric dating of glacial terminations through
the MPT
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The mechanisms that force glacial terminations
constitute an ongoing debate in palaeoclimatology. A
key to resolving this debate is the assembly of precisely
dated proxy records that can be tied to marine
sediments, where the expression of these events is
best preserved but poorly anchored in time.
Speleothems provide one means by which to achieve
this. Over the past decade, speleothems have been
used to shed light on the timing of terminations, and
currently there appears to be a consensus that favours
Northern Hemisphere summer insolation as the driving
force, at least back to about 600 ka. The period 1.2 Ma
to 0.6 Ma, which includes the Middle Pleistocene
Transition (MPT), thus stands out as absolutely crucial
for determining exactly when the pacing shifted from
an obliquity-driven 40-kyr world.

We present speleothem data from an Italian cave
system spanning multiple terminations across the MPT
(1.1 Ma to 0.8 Ma), and tie these to marine records
from the North Atlantic. The speleothem time series is
anchored radiometrically by over 100 uranium-lead age
determinations. Synchronising the oxygen isotope data
to the ocean record allows us to fix the benthic oxygen
isotope ice-volume proxy to an absolute time scale,
thus allowing us to constrain the timing of ice-sheet
collapse and to explore the potential astronomical
parameters responsible. The most significant findings
thus far are the pacing of Terminations Xll and X, which
are separated by two obliquity cycles, and the poor
expression of T-XI, arguably a ‘failed termination’,
which together appear to spell the demise of the 40-kyr
world.

ID: 02192, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

Late Holocene glacier activity on the Kerguelen Island,
South Indian Ocean - reconstructed from distal
glacier-fed lake sediments

Jostein Bakkel, Eivind St¢ren1, Fabien Arnaudz,
Jerome Poulenardz, Emmanuel Maletz, Pierre
Sabatier’ 1) Department of Earth science and Bjerknes
Centre for Climate Research, University of Bergen,
Norway 2) Environnements, Dynamiques et Territoires
de la Montagne (EDYTEM), CNRS, Université Savoie
Mont Blanc * Jostein Bakke, Jostein.Bakke@uib.no

Zaragoza, Spain, 9-13 May 2017

173

PAGES —OSM 2017

The Southern Hemisphere's westerly winds play a vital
role in regulating Earth’s climate by shielding Antarctic
ice from low-latitude heat, driving global ocean
circulation and storing vast amounts of CO2. Both
strength and position of this globally significant
atmospheric pattern are rapidly shifting in the face of
ongoing warming. A string of recent studies links these
developments to dramatic changes in temperature,
precipitation, sea-ice extent and cryosphere stability
unfolding throughout the Southern Ocean region.
Critically, a lack of baseline information restricts our
ability to understand the causes and patterns of these
shifts and represent them in the future projections that
underpin climate policies. Especially in the Southern
Ocean, there are few time series recording past climate
due to few suitable land areas and the few Sub-
Antarctic Islands is remote and has cumbersome
logistics. Kerguelen Island is located within the
Antarctic Circumpolar Current and the Southern
Westerly wind belt and contains several glaciers and
smaller ice caps. Terrestrial archives recording past
history of the glaciers at Kerguelen thus have a unique
potential to record past changes in oceanic and
atmospheric circulation patterns from southern mid-
latitudes. Here we present results from the first distal
glacier-fed lake study at the Kerguelen Island. A 2.8 m
long sediment core was obtained from Lac Guynemer
(121masl.), a lake that receives glacial meltwater from
Glacier Guynemer at the Pic Guynemer (1188masl.),
located at the Peninsule Loranchet at the northern part
of Kerguelen Island. The sediment core has been
analyzed with high-resolution core scanning X-ray
fluorescence (XRF), CT scanning, magnetic parameters,
loss-on-ignition and dry bulk density, to reconstruct
past glacier variability of Glacier Guynemer. The
sediment record covers an interval over c. 1000-3500
cal. yr BP and show dynamic glacier variability during
the Neoglacial time-period, in phase with other glaciers
reconstructed from the Southern Hemisphere.

ID: 01896, 01.- Open Session on past global changes,
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Centennial-scale Holocene climate variations
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Interactions between the Antarctic Ice Sheet and the
rest of the climate system are known to have affected
centennial- to orbital-scale climate variability during
past glaciations and are likely to be important in future
climate change. However, here we show that they were
also potentially important in driving centennial to
multi-millennial climate variations during the Holocene,
a period for which the Antarctic Ice Sheet is generally
considered a static entity. We analyzed high-temporal-
resolution records of iceberg-rafted debris derived
from the Antarctic Ice Sheet, and performed both high-
spatial-resolution ice-sheet modeling of the Antarctic
Ice Sheet and multi-millennial global climate model
simulations. Fluctuations in Antarctic Ice Sheet
discharge caused by relatively small changes in
subsurface ocean temperatures can amplify multi-
centennial climate variability regionally and globally
and suggest that the Antarctic Ice Sheet may have been
more dynamic during the Holocene then previously
anticipated. Newly performed high-resolution climate
simulations with the CESM global climate model,
suggest that Antarctic Ice Sheet discharge fluctuations
also cause low latitude climate change through oceanic
and atmospheric teleconnections.

ID: 02143, 16.- Multidisciplinary reconstruction of

paleofloods, (Poster)

Non-stationarity in the evolution of major floods in
the Ebro River (NE Iberian Peninsula)
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Lluis Ruiz-BeIIetl, Mariano Barriendosa, Jordi Tuset4,
Xavier Castelltortl, Jordi Mazén? 1) Dpt of
Environment and Soil Science. University of Lleida 2)
Dpt of Physics. Universitat Politécnica de Catalunya.
Barcelona Tech 3) Dpt of Modern History. University of
Barcelona 4) Grup RIUS - Fluvial Dynamics Research
Group. University of Lleida

* ], Carles Balasch, cbalasch@macs.udl.cat

Flood frequency analysis is a required step when
determining the flood risk of a given location. It uses
series of annual maximum instantaneous flows (Qci),
which are frequently too short (50-100 years) to
calculate long return periods (around 500 years). To
lengthen these series, information about non-
instrumental historical floods is used by means a
reconstructed peak flow or only the occurrence of an
over-bank flooding. However, when using this
information, the stationarity hypothesis is no longer
fulfilled (Milly et al., 2008).

In this study we analyzed the evolution of major floods
in the final stretch of Ebro River (at the town of Xerta)
in the last 400 years. Besides the 20" century
measured peak flow series, 9 reconstructed peak flows
and the knowledge of the occurrence of every flood
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above 4500 m*s” are included in the dataset. The
obtained series is not stationary according to Lang test
(Lang et al., 2005), so we applied a flood frequency
method that includes covariates to account for the
variability of flood frequency. These covariates include
two climatic indices (NAO and WeMO), a reservoir
index, = meteorological variables (temperature,
pressure) and an astronomical one (sunspots). The
statistical method used is GAMLSS (generalized additive
models for location, scale and shape).

Several probability functions have been fitted to the
series with the GAMLSS method and the covariates. In
the case of the Gumbel function, for a return period of
20 years (95% percentile), the expected peak flow
continuously increases since the year 1600 (4100 m*s’
Y until reaching a maximum around 1850 (4500 m>s™),
then it stays approximately constant for 100 years, and
diminishes abruptly to 3700 m>s™ since 1950 because
of the generalized dam construction. In contrast, a
stitic;nary analysis would have overestimated it (4250
m™s ).

ID: 02144, 16.- Multidisciplinary
paleofloods, (Poster)

reconstruction of

Indirect estimation from paleoflood evidences of the
liquid and solid loads of the November 2015 and 2016
flash floods in the Sié River (NE Iberian Peninsula)
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Flash floods in the rural catchments of the Catalan
Central Depression (NE lberian Peninsula) usually have
a great sediment load, with its source in the agricultural
soils. This high sediment load can even alter the
hydraulic behavior of the flow, turning them into actual
mudflows.

The night of 2-3 November 2015 torrential rains (up to
146 mm in ten hours) fell on the headwaters of the Sid
River catchment (512 km?), generating a flood that
claimed four lives in the town of Agramunt and caused
many damages along the stream banks. The night of
23-24 November 2016, a slightly more moderate rain
event (46 mm), also cause a flash flood, but with much
less catastrophic consequences. In order to gain a
better insight on the characteristics of the major
historical floods in the Si6 River catchment, the
hydrological, hydraulic and sedimentary characteristics
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of these recent floods have been analyzed using
paleoflood evidence, water samples and flood
reconstruction methods.

The peak flow of the 2015 flood in the headwaters
(Oluges) was 150 m>s’! (that is, a specific peak flow
near 4.2 m3-s'1-km'2) and it diminished downstream: 45
m>-s in the centre of the catchment (Oluges + 27 km)
and 8 m>s' in the outlet (Oluges + 63 km). The
suspended sediment load was 10-15% in volume in the
headwaters and it increased as the flow moved
downstream. This concentration gain was most
probably caused by the flood wave’s water loss due to
the dryness of the riverbed and translated in an
increased viscosity that ultimately altered the hydraulic
behaviour of the flow, slowing it down. The source of
the sediment is located in the agricultural soils, which
showed evidence of intense erosion by Hortonian
overland flow in their superficial layer (Ap1; 10 cm).

ID: 02362, 25.- Palaeoenvironments of Africa: Pliocene
to Present, (Poster)
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the Theban Mountains (Egypt)
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Field survey along the Theban Mountains revealed the
existence of two weathering formations whose
development must be related to wetter than present
climatic conditions, and their relative chronology is
tentatively stated. A first episode of humidity is
evidenced by an extensive iron coating development
on scree deposits associated to an ancient erosional
surface previous to the present fluvial incision. Water is
necessary to the chemical weathering of hostrock and
dusts, leading to the mobilization of iron and
manganese ions. Subsequent deposition of these ions
leads to the formation of rock coatings. Coatings can be
formed as moisture from rain, fog, and dew interacts
with detrital materials on rock surfaces under favorable
redox conditions. The age of this formation is set at the
middle — late Pleistocene since it is affecting early
Pleistocene fluvial deposits.

The second evidence of former humid conditions is a
reddish soil also extensively developed along the
foothills of the Theban Mountains, what cannot have
been developed under the present hyper-arid
conditions. Precisely, the high iron content of these
edaphic materials may come from the ferruginous
coatings cited above. Relative chronology of this soil
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allows us to correlate it provisionally with the African
Humid Period (early-mid Holocene). Preliminary
analytical results of both weathering formations are
presented here.

Besides these weathering formations, at least two
gravitational collapse events have been identified,
helping in the reconstruction of the climatic-
geomorphological history of the area since the early
Pleistocene.

ID: 01427, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
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Climatic variability in western Mediterranean during
the last glacial cycle (ca.130-14kyBP): evidences from
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The changing climatic and sea level history along the
last glacial cycle (ca. 130 - 14 ky BP) in Formentera
(Balearic Islands) is approached. Geomorphological,
sedimentological, palaeontological and geochemical
studies have been used in the reconstruction of the
evolution of the coastal system. Luminescence dating
supports chronology, and phytolith content has been
determined and applied in the vegetation cover
reconstruction. The sedimentary  succession
outcropping along the southwestern coast of the island
is continuous and complete enough to investigate the
sea-level and climatic changes occurred in this part of
the Western Mediterranean along the late Pleistocene.
The sequence starts with three marine units separated
by erosional surfaces with evidences of small-scale sea
level oscillations occurred during MIS 5. Up to six
terrestrial units, mainly formed by aeolian and alluvial
deposits, complete the sequence. Environmental
reconstruction shows the occurrence of different
phases of wind intensification with changes in wind
patterns, and phases of alluvial deposition, soil
development and vegetation changes. All these phases
are correlated with the climatic variability reported for
the North Atlantic region, which is manifested in the
Western Mediterranean by paleoceanographic changes
and rapid vegetation response in inland settings,
however no complete and continuous sedimentary
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sequence recording this time span has been reported
up to now in theses islands. A tentative correlation of
the sedimentary sequence with Dansgaard — Oescher
cycles and Heinrich events is proposed. Supported by
CGL15-69919-R, CGL2015-67169-P, CGL2013-42847R.

ID: 01979, 18.-
Systems, (Poster)

Human Impact on Global Aquatic

Assessing salinity variations in brackish Chilika Lake —
a multiproxy approach
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Chilika, the largest coastal brackish water lake of
Holocene period, is connected to the Bay of Bengal
through narrow channels allowing saline water into the
lake during the high tide. On the other hand, the Lake
also receives a huge amount of fresh water and
terrestrial sediments from the rivers flowing into it on
the northern sector. On account of its rich biodiversity
and socio-economic importance, it was designated as a
‘Ramsar site’ on Oct. 1, 1981.

In this study, one representative sediment core of 75
cm depth was obtained from the northern sector of the
lake which is in proximity to the fresh water source.
These sediments spanning over few centuries time
period are taken into consideration to evaluate fluvial
interaction in the lake using Sedimentological,
Micropaleontological and Geochemical proxies. The
upper portions (0-30 cm) of the cores consist of
medium size sand particles and mud content is found
increasing with depth. Brackish shallow water benthic
foraminifera were picked, identified and counted up to
the species level at every 5 cm interval. Ammonia sp.
was the most dominated species and found to have
weak and fragile test at all depths and their population
showed sharp increase from 30 cm depth onwards. The
increase in foraminifer’s population and high mud
content in 30-75 cm suggests high salinity whereas low
to negligible presence of foraminifera and medium
sand size from surface to 30 cm depth indicates low
salinity in the lake. Incorporation of Fe, Mn and few
other elements were found during SEM-EDS analysis on
the calcareous test of foraminifera. The presence of
pyritised foraminifera indicate anoxic conditions at
depth below 30cm. Multivariate variate analysis of
foraminifera and elemental data on its test and grain
size analysis indicate increased fluvial impact and low
salinity during the deposition of upper 30cm
sediments.
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Relative sea-level variability during the late Middle
Pleistocene: new evidence from eastern England
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Understanding relative sea-level changes during
previous interglacials enhances our understanding of
ice sheet response to changing climate. Temperate-
latitude estuarine environments have the potential to
preserve continuous records of relative sea level from
previous interglacial (warm) periods. This is important
because, currently, we typically only have snapshots of
sea-level highstands from low-latitude sediment
archives. Here, we focus on the Nar Valley in eastern
England, in which, is preserved evidence of a late
middle-Pleistocene marine transgression of greater
than 20 vertical metres. By applying a ‘Holocene-type’
approach to reconstructing relative sea-level change in
estuarine settings, using models of coastal succession
and sea-level tendencies, we assess the mode (abrupt
versus gradual), of sea-level change recorded by the
interglacial Nar Valley sequences. Compiled palaeo-
stratigraphic evidence comprising foraminifera, pollen
and amino acid racemization dating, suggests that the
mode of sea-level change in the Nar Valley interglacial
sequence was gradual, with potentially two phases of
regional transgression occurring at two separate times:
the first phase during the Late Temperate phase of
Marine Oxygen Isotope stage (MIS) 11 from ~8 to 18 m
OD; and, the second phase potentially from the Early
Temperate period of MIS 9 from ~-3 to 3 m OD,
although we cannot conclusively preclude an
alternative MIS 11 age for these lower sediments. The
absence of one or more sea-level oscillations in, the
(albeit limited) datasets, does not suggest catastrophic
decay of the ice sheets during the MIS 11 and 9
highstands, instead implying steady melt during both of
these interglacials.
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Salt-marsh testate amoebae as a novel tool for
reconstructing regional sea-level changes in eastern
Canada
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Salt-marsh sediments and coastal deposits are
routinely used to reconstruct relative sea-level (RSL)
changes over the past few millennia at decadal and
decimetre scale resolutions. Recently, progress has
been made on the development of salt-marsh testate
amoebae as a widely applicable and precise sea-level
indicator. This contribution demonstrates the
cosmopolitan vertical zonation of salt-marsh testate
amoebae across the North Atlantic and presents results
from the development of an applied regional training
set of surface assemblage data. Recent and original late
Holocene RSL reconstructions have been produced
from eastern Canada using salt-marsh testate amoebae
alongside foraminifera and other sea-level indicators.
These reconstructions document differences in rates of
RSL rise as a result of: i) local environmental dynamics;
ii) isostatic uplift gradients and associated geophysical
mechanisms; iii) regional processes governing ocean
volume changes (e.g., ice-sheet dynamics and thermal
expansion), and iv) drivers forcing ocean mass
redistribution (e.g., ocean-atmosphere circulation
patterns). The records show accelerations in the rates
of RSL rise towards the end of the 19" century and
during the early 20" century. Similar signals have been
recorded from palaeo-evidence at several locations
across the globe. These inflexions coincide with the
increase in global temperature seen since the onset of
industrialisation and with a downturn in the strength of
the Atlantic Meridional Overturning Circulation.
Improving multi-proxy reconstructions, their
chronologies, and their spatial coverage will be
necessary for teasing apart the different mechanisms
that drive RSL changes at local to regional scales.
Mechanisms such as land-based ice-melt and ocean
circulation changes currently contribute to rapid RSL
rise during the 21% century but are yet to be accurately
and precisely constrained for our recent past.

ID: 01772, 01.- Open Session on past global changes,
(Poster)

A 7500 year history of El Nifio-Southern Oscillation
variability derived from a quantitative Australian
precipitation record

Cameron Barrl, John Tibbyl, Melanie Lengz, Andrew
Hendersona, Jonathan Overpeck4, Julia Cole4, Steven
Phippss, Jonathan Tylerl, Jonathan Marshalls, Glenn
McGregors, Quan Hua’ 1) University of Adelaide,
Australia 2) University of Nottingham, UK 3) University
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of Newcastle, UK 4) University of Arizona, USA 5)
University of Tasmania, Australia 6) DSITI, Qld
Government, Australia 7) Australian Nuclear Science
and Technology Organisation
* Cameron Barr, cameron.barr@adelaide.edu.au

The opposing El Nifio and La Nifa phases of the El Nifo-
Southern Oscillation (ENSO) have major impacts on
regional rainfall patterns that affect billions of people
worldwide. It is, therefore, critical to understand how
these phases will change under future climates.
Palaeoclimate proxy data can help to refine our
understanding, but this requires a broad spatial
distribution of long records that span differing
background conditions and forcings, such as was
evident during the Holocene. However, the current
suite of Holocene proxy ENSO records are generally
discontinuous, low resolution, spatially biased to the
eastern Pacific or document only the El Nifio phase. As
such, the scale and timing of Holocene ENSO variability
remains unclear.

Here we present a quantitative rainfall reconstruction
from sub-tropical Australia, derived from the 8C of
sub-fossil Melaleuca quinquenervia leaves preserved in
lake sediments, that records El Nifio and La Nifa
conditions over the past 7500 years. Capturing both
phases enables the characterisation of mid- and late-
Holocene ENSO variability, while tight chronological
control facilitates precise timing of regime shifts. The
mid-Holocene is characterised by more La Nifia-like
background conditions, before a significant shift
towards increased variability and more frequent El
Nifio conditions is evident ca. 3200 cal yr BP. These
conditions prevailed until the Little Ice Age, in which
persistently wet conditions are evident.

In addition to being the first quantitative rainfall record
of its type from Australia, the record also provides
insight into the evolution of ENSO over the mid- to late-
Holocene and the influence of forcing mechanisms
external to the Pacific region.

ID: 01736, 16.- Multidisciplinary
paleofloods, (Poster)

reconstruction of

Quantifying sediment delivery during floods in
Mediterranean mountain watersheds using lake
sediment records (Iberian Range, Spain)

Fernando Barreiro-Lostresl, Ana Morenol, Penélope
Gonzélez-Sampérizl, Giralt Santiagoz, Nadal-Romero
Estelaa, Valero-Garcés Blas® 1) Instituto Pirenaico de
Ecologia (CSIC) 2) Instituto de Ciencias de la Tierra
Jaume Almera (CSIC) 3) Universidad de Zaragoza,
Facultad de Geografia * Fernando Barreiro-
lostres, ferbalos@ipe.csic.es

Long-term records in sediment yield beyond
monitoring data from experimental catchments are
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particularly important in Mediterranean areas where
land degradation and soil erosion are key
environmental problems underlain by both a long
history of human occupation and strong seasonality of
hydrological regimes. Integrating time-series from lake
sequences based on robust age models and detailed
bathymetric maps and seismic surveys provide the
needed long perspective of erosion processes in
Mediterranean mountain watersheds.

We applied multi-proxy sedimentological and
geochemical analyses to the sedimentary record of four
karstic lakes in the lberian Range (Central Spain) to
identify and quantify periods and events of higher
sediment input to the lake and indirectly, the
sedimentary yield evolution of their watersheds. We
evaluate the response to human impacts and climate
forcings during the last 2000 years by comparing with
regional climate reconstructions and documentary and
historical records.

Sediment yield data during flood events show similar
ranges both in lake sequences and in monitored
catchments (7-110 T km™ y™). In both settings, most
sediment delivery at annual and multiannual scales

occurs during flooding events, underlying the
punctuated nature of sediment dynamics in
Mediterranean landscapes. The most significant

periods of increased sediment delivery in the Iberian
Ranges during last two millennia took place during the
6'h-8th, 10”‘-12”‘, 15™-17" and 19th-early 20" centuries.
Increased flood frequency and synergistic effects
associated to increasing human pressure led to
enhanced erosion during some periods of the Little Ice
Age. Although changes in flood frequency and intensity
cannot be ruled out, reduced human pressure since the
mid 20" century in rural areas seems to be the major
forcing to explain current decrease in sediment yields.

ID: 01738, 23.- Regional syntheses of human-climate-
environment interactions, (Poster)

Paleohydrology, climate and land-use changes during
the last two millennia in the Iberian Peninsula

Fernando Barreiro-Lostresl, Ana Morenol, Santiago
Giraltz, Mario Morelléna, Penélope Gonzilez-
Sampérizl, Pilar MataA, Pablo Corellas, Graciela Gil-
Romeral, Maria Leundal, Josu Aranbarril, Carlos
Pérez', Blas Valero-Garcés' 1) Instituto Pirenaico de
Ecologia (CSIC) 2) Instituto de Ciencias de la Tierra
Jaume Almera (CSIC) 3) Universidad de Cantabria 4)
Instituto Geoldgico y Minero de Espaiia (IGME) 5)
Museo Nacional de Ciencias Naturales (CSIC)
* Fernando Barreiro-lostres, ferbalos@ipe.csic.es

High-resolution, multi-proxy lake records from
Iberian  Mediterranean mountains with robust
chronologies have allowed the identification of
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centennial to decadal scale paleohydrological
fluctuations during the last 2000 years within the
Iberian Peninsula. The dataset illustrates sharp regional
gradients and timing differences when compared to
climate changes recorded in Northern European
records. Furthermore, these fluctuations show a large
internal variability both in terms of timing and
paleohydrological history in the lberian Peninsula.

Several factors may be responsible for this
variability, mainly the interplay between Atlantic (NAO
fluctuations) and Mediterranean influences and
geographic factors as latitudinal and altitudinal
gradients which imply a complex mosaic.

In spite of some uncertainties, the main
paleohydrological phases in Iberian Peninsula during
the last two millennia appear in most records: a humid
Iberian-Roman period (IRHP, 650 BCE — CE 350)
particularly wetter between CE 300 — 350, relatively
colder and wet conditions during the Dark Ages (CE 500
—900), a well characterized Medieval Climate Anomaly
(MCA, CE 900 — 1300) with lower water levels but
variable flood frequency, and a contrasting relatively
wet Little Ice Age (LIA, CE 1300 — 1850) with forest
spread in the mountains, stationary flood conditions
and increased sediment delivery to the lacustrine
basins. Periods of increased human pressure in the
landscape occurred both during warmer phases (IRHP
and MCA) and colder periods (LIA) with diverse
environmental and human adaptive strategies.

ID: 01907, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

PALEOSTRAT: PALEOmodelization
STRATospheric perspective

from a

David Barriopedrol, Natalia Calvoz, Ricardo Garcia-
Herreraz, Fernando Jaume-Santero® 1) Instituto de
Geociencias (IGEO, CSIC-UCM) 2) Dpto Fisica de la
Tierra 1l, Facultad de Ciencias Fisicas, Universidad
Complutense de Madrid
* David Barriopedro, dbarriop@ucm.es

Last Millennium (LM) simulations are crucial to asses
the relative roles of internal versus forced variability,
the responses to natural and anthropogenic forcings,
and the climate sensitivity of the Earth system.
However, many open questions still remain regarding
the ability of these models to reproduce the LM, since
reconstructions suggest more complex patterns than
those obtained from LM simulations. Among other
factors, these discrepancies could be due to
uncertainties in the forcings and/or in model physics. In
particular, recent studies have demonstrated the
influence of the stratosphere on the surface with
important implications in future climate projections.
However, most models employed in PMIP3 did not
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have a well-resolved stratosphere, thus neglecting its
potential contribution to explain anomalous periods
before the industrial era.

PALEOSTRAT is a project funded by the Spanish
government which investigates the impact of the
stratosphere on the climate of the LM (850-1850 CE).
This is addressed by means of a suite of LM simulations
with the CESM model which only differ in the
representation of the stratosphere, so that their
comparisons will provide insights into the impact of the
middle-atmosphere  on  the surface climate.
Uncertainties related to external forcings will also be
assessed by comparing business-as-usual LM model
simulations with LM runs forced with novel external
forcing histories and model implementations. This talk
will summarize the influence of the stratosphere on the
surface climate, its potential role in explaining past
changes, the main objectives of PALEOSTRAT and its
experimental design.

Acknowlegdements: PALEOSTRAT (CGL2015-69699-R)
is funded by the Spanish Ministry of Economy and
Competitiveness (MINECO)

ID: 02064, 04.- From the Mediterranean to the Caspian:
palaeoclimate variability, environmental responses and
human adaptive strategies, (Poster)

Climate variability inferred from several speleothems
in Central Pyrenees during MIS 3, Lateglacial and
Holocene (Las Gloces Cave)

Miguel Bartolomél, Ana Morenol, Carlos Sanchoz,
Anchel Belmontez, Eneko Iriarte3, Isabel Cacho4,
Heather StoIIS, R.L Edwardse, Hai Cheng7 1)
Department of Geoenvironmental Processes and
Global Change, Pyrenean Institute of Ecology-CSIC
(Spain) 2) Department of Earth Sciences, University of
Zaragoza (Spain) 3) University of Burgos (Spain) 4)
University of Barcelona (Spain) 5) University of Oviedo
(Spain) 6) University of Minnesota (USA) 7) Xi'an
Jiaotong University (China) * Miguel Bartolomé
Ucar, pichorricoco@hotmail.com

Las Gloces Cave is located close to Ordesa and Monte
Perdido National Park (Central Pyrenees, Iberian
Peninsula) at 1300 m a.s.l. Four speleothems, three of
them from the Holocene and one from the Lateglacial
and MIS 3, reveal important changes during these
periods. During the MIS 3, d"c and d'®0 values show a
variation of -1.89 to -6.03 %o and -7.63 to -8.78 %o
respectively while a hiatus is recognized during
Heinrich Event 5 (~45 kyr BP). A similar isotopic pattern
between d"°0 and d**C points out that during the MIS
3, the oxygen was controlled mainly by the amount
effect, although punctually also by temperature
changes. Another import hiatus appears between 31-
21 kyr BP in coherence with other speleothems from
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Southwest France (Genty et al., 2006). During the
Lateglacial the heaviest d**C values (-0.79 to -0.46 %)
took place from 20 kyr to 17.8 kyr coinciding with
Heinrich Event 1, characterized as a cold and dry period
in this area throughout the study of lacustrine deposits
(Gonzalez-Sampériz et al., 2006; Moreno et al., 2012). A
rapid depletion of d®*C values can be associated with a
climatic amelioration until ~8.7 kyr BP when the values
reach to -8.13%o. On the other hand, d**0 shows heavy
values during 20-17.8 kyr BP, associated with the low
rainfall amount. An important depletion occurs
afterwards, at the same time as d"3C values decrease ,
responding to the humidity increase in the area. From
12 kyr BP onwards, the d®0 record appears less
influenced by the amount effect and temperature and
changes in the ice volume play a dominant role. The
Early Holocene is characterized by still cold and dry
conditions, in agreement with previous lacustrine and
palynological Pyrenean records.

ID: 02065, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

Is the climate signal adequately recorded in the (1180
isotope composition from ice cave deposits? Climate
variations during the Little Ice Age and the Industrial
Era inferred from Pyrenean ice deposits and
stalagmites

Miguel Bartolomél, Carlos Sanchoz, Ana Morenol,
Anchel Belmontez, Maria Leundal, Antonio Delgado-
Huertas?’, Belén OIiva-Urcia4, Isabel Cachos, Heather
Stoll®, R.L Edwards’, Hai Cheng8 1) Department of
Geoenvironmental Processes and Global Change,
Pyrenean Institute of Ecology-CSIC (Spain) 2)
Department of Earth Sciences, University of Zaragoza
(Spain) 3) Andalusian Earth Sciences Institute (IACT-
CSIC) (Granada, Spain) 4) Autonomous University of
Madrid (Spain) 5) University of Barcelona (Spain) 6)
University of Oviedo (Spain) 7) University of Minnesota
(USA) 8) 8 Xi'an lJiaotong University (China)
* Miguel Bartolomé Ucar, pichorricoco@hotmail.com

Well-date ice deposits hosted in caves represent
important new local-regional climate records of the
past. Changes in ice accumulation rates are commonly
used it to infer changes in the snow precipitation in
winter or indicators of important melting processes
associated with warm periods. We present preliminary
record from Sarrios 1 Ice Cave, representing the first
d*®0 record from an ice cave in the Pyrenees (2790 m
asl, Monte Perdido Massif). In Sarrios 1 sequence,
seven MC ages on organic macrorests allow to build a
solid chronology where two important phases of ice
accumulation are clearly discriminated. First phase took
place between 6500 to 5200 years cal BP and is formed
by transformation ice. Differently, second phase,
separated by a hiatus of 4500 years, started to
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accumulate 670 years BP ago and is formed by ice
resulting from dripwater congelation, providing an
excellent archive of past climate variability during the
LIA and the last decades. 121 ice samples were
extracted from the second phase and the isotopic
record (with d*°0 values varying between -21.14%o to -
6.06%o) is compared with previous data from Seso Cave
located nearby but at lower elevation. d*®o profile
obtained from the ice shows a very similar pattern that
the one recorded in the stalagmites, indicating a
regional climate variation in terms of amount of rainfall
or temperature, moreover, depleted d'®0 values in ice
appears related with Sporer, Maunder and Dalton solar
minima. Interestingly, the fact that Mg/Ca in the
stalagmites presents a striking similarity with the d*®o
during the LIA, points out that this last record could be
mostly influenced by the “amount effect”, resulting in
an excellent indicator of hydrological variability. On the
contrary, both proxies (Mg/Ca and d'®0) are very
different during the IE signaling the temperature as the
dominant control during that period.

ID: 01682, 32.- Large-scale hydroclimate variability and
change of the Common Era: Patterns, Impacts, and
Processes, (Poster)

Contextualizing drought in Medieval Italy: A case-
study of the 1302-04 CE events in Siena

Martin Bauch® 1) Technische Universitit Darmstadt
* Martin Bauch, bauch@pg.tu-darmstadt.de

Documentary data on hydroclimate variability in the
second millenium can a lot in comparison to the
perspective of scientific data. Hence, the proposed case
study on a multi-annual drought hitting Italy and
neighbouring regions in the years 1302-1304 CE is
meant to demonstrate what historians can contribute

with their specific sources of climate-historical
information:
Taking existing drought reconstructions from

dendrochronological data, a comparison with dense
information retrieved from chronicles and
administrative sources shows that especially for the
Italian peninsula the picture retrieved from man-made
proxy data is far more nuanced. Beyond that, written
sources provide a high spatial resolution to reconstruct
the territories afflicted by drought, while the temporal
resolution is higher than the annual scale available
from scientific data.

Furthermore documentary data allows to review in
detail the socio-economic impact of multi annual
droughts on pre-modern societies. In the case of Siena
and early 14th century Italy, this includes not only
reduced harvests, dearth and partially famine, but also
a remarkable increase in the number of city fires. In
addition, the city’s industrial production came to a
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standstill as water mills went out of work. The
necessary remuneration of their owners by the comune
added to the fiscal pressure created by grain imports to
mitigate the increasing dearth. Most interesting is the
long-term context of these events: In the case of Siena,
the drought-induced dearth lead to large investments
like a newly acquired sea port in late 1304, that should
guarantee the city’s access to long-distance grain trade.
If the temporal perspective is widened to the 1290s,
one can realize that the drought accelerated pre-
existing legal and administrative measures that should
provide Siena resilience against food scarcities. During
the next meteorological crisis in the 1310s, Siena
showed considerable less vulnerabilty to food
shortages than other comparable Italian cities.

ID: 02226, 03.- Regional and transregional climate
variability over the last 2000 years, (Poster)

Impacts of the Last Glacial Cycle on Ground Surface
Temperature  Reconstructions over the Last
Millennium

HUGO BELTRAMI* , GURPREET S. MATHAROO® , JASON
E. SMERDON?®, LIZETT ILLANES®, LEV TARASOV* 1)
Climate & Atmospheric Sciences Institute and
Environmental Sciences Program, St. Francis Xavier
University, Antigonish, NS, and Centre ESCER pour
I’étude et la simulation de climate a I'échelle régionale,
Université du Québec a Montréal, Montréal, QC, Cana
2) Climate & Atmospheric Sciences Institute and
Environmental Sciences Program, St. Francis Xavier
University, Antigonish, NS, Canada 3) Lamont-Doherty
Earth Observatory, Columbia University, Palisades, New
York, USA 4) Department of Physics and Physical
Oceanography, University of Newfoundland, St. John's,

Newfoundland, Canada
* Hugo Beltrami, hugo@stfx.ca
Borehole temperature profiles provide robust

estimates of past ground surface temperature changes,
in agreement with meteorological data. Nevertheless,
past climatic changes such as the Last Glacial Cycle
(LGC) generated thermal effects in the subsurface that
affect estimates of recent climatic change from
geothermal data. We use an ensemble of ice sheet
simulations spanning the last 120ka to assess the
impact of the Laurentide ice sheet on recent ground
surface temperature histories reconstructed from
borehole  temperature profiles  over  North
America. When the thermal remnants of the LGC are
removed, we find larger amounts of subsurface heat
storage [2.8 times] and an increased warming of the
ground surface over North America by 0.75 K, both
relative to uncorrected borehole estimates.
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ID: 01358, 18.-
Systems, (Poster)

Human Impact on Global Aquatic

Natural and anthropogenic changes in a
Mediterranean delta as reconstructed from benthic
foraminifera

Xavier Benito", Alejandro Cearreta’, Rosa Trobajog,
Manola Brunet®, Carles Ibanez’®, Sherilyn C. Fritz! 1)
University of Nebraska-Lincoln 2) University of Basque
Country UPV/EHU 3) Aquatic Ecosystems Program -
IRTA 4) Centre for Climate Change - University Rovira
and Virgili * Xavier Benito, xbenitogranell2@unl.edu

Deltas are highly dynamic ecosystems of great
ecological and economical importance. Global change
consequences, such as sea-level rise and sediment
deficit, put these systems at risk. Sediments beneath
deltas are the only archive for generating an
understand of their formation and dynamics through
time, also providing scientific knowledge for informing
future adaptation strategies. We conducted a
palaeoenvironmental study in the Ebro Delta (NW
Mediterranean) using benthic foraminifera (unicellular
protists) and their present-day environmental
requirements. The benthic foraminiferal content of
seven dated sedimentary records with ¢ and **°Pb
were analyzed at two different temporal scales: 1)
Millennial scale reflecting a long enough temporal
window for capturing large-scale natural changes in the
Delta, such as delta-lobe switching and/ or sea-level
fluctuations, and 2) Decadal-centennial scale to
evaluate the anthropogenic impacts relative to pre-
disturbance conditions in the Delta. Water depth
appeared as the most important factor structuring
living foraminiferal assemblages. We then developed
and applied a water-depth transfer function and
analogue matching to the fossil foraminiferal record
with the aim of reconstructing palaeodepths and
habitats. First, down-core assemblages indicated the
existence of deltaic habitats (e.g. coastal lagoons) for
the last c¢. 7500 yr BP. Second, recent reconstructions
revealed distinct habitat shifts since the late 1800’s,
likely showing the effect of the intensive human
alteration of the Delta due to agricultural activities
(mainly rice cultivation). Finally, we hypothesize that
foraminiferal proxies should be able to establish
reference conditions in these Mediterranean wetland
habitats before significant human intervention.

ID: 02161, 02.- Quaternary climate and environmental
change in the Southern Hemisphere, (Poster)

Sources of organic matter to Lago Castor (Chile, 45°S)
during the late Quaternary: implications for the
evolution of vegetation and the southern westerlies

Sebastien Bertrandl, Géraldine Fiersl, Maarten Van
Daelel, Emma Granonl, Marc De Batist® 1) Renard
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Centre of Marine Geology (RCMG), Department of
Geology, Ghent University, Gent, Belgium 2) Lille
University of Science and Technology, Villeneuve-
d'Ascq, France
* Sebastien Bertrand, sebastien.bertrand@ugent.be

Lago Castor (45°S; 72°W) is located on the leeside of
the Patagonian Andes, near the forest-steppe ecotone.
It contains a continuous sediment record of the last 20
kyr, which we recently interpreted in terms of past
changes in westerly wind strength, based on sediment
physical properties and seismic data. Here, we use the
bulk elemental and isotopic composition of the organic
matter preserved in Lago Castor sediments to
reconstruct changes in terrestrial vegetation
composition and aquatic productivity through time. To
constrain the sources, we analyzed samples of present-
day terrestrial vegetation, lake plankton, river
sediment, and soils. Results demonstrate that the lake
sedimentary organic matter is composed of variable
proportions of aquatic plankton and C3 and C4
terrestrial plants. The proportions of each component
were estimated using a three end-member mixing
model that takes into account the alteration of the
isotopic values during incorporation of plant material in
soils prior to transport by rivers. Results show that
before 17.8 cal kyr BP, terrestrial vegetation was sparse
and dominated by C4 plants (shrubs and some grasses),
likely due to the increased rain-shadow effect of the

Patagonian Ice Sheet. After 17.8 cal kyr BP,
accumulation of organic matter of aquatic and
terrestrial C3 origin increased, reflecting the

progressive evolution of the regional climate towards
temperate conditions. From 9.3 cal kyr BP onwards, the
proportions of C4 and C3 plants resembled the present-
day values, while accumulation rates of terrestrial
organic matter peaked between 7.5 and 2 cal kyr BP.
The latter is interpreted as a period of increased
precipitation, and is in excellent agreement with the
grain-size results previously obtained on the same
sediment core. These results, which are broadly
compatible with regional pollen records, highlight the
potential of bulk organic geochemistry to reconstruct

climate-driven  variations in  local vegetation
composition.
ID: 01970, 16.- Multidisciplinary reconstruction of

paleofloods, (Poster)

Reconstructing the frequency of Glacial Lake Outburst
Floods in Patagonia: Introducing the Paleo-GLOFs
project

Sebastien Bertrandl, Elke Vandekerkhovel, Dawei
Liul, Brian Reidz, Silvio Pantoja3, Gino CasassaA,
Fernando Torrejéon5 1) Renard Centre of Marine
Geology (RCMG), Department of Geology, Ghent
University, Belgium 2) Centro de Investigacion en
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Ecosistemas de la Patagonia (CIEP), Universidad Austral
de Chile, Francisco Bilbao 323, Coyhaique, Chile 3)
Department of Oceanography and COPAS Sur-Austral,
University of Concepcién, Concepcién, Chile 4)
University of Magallanes, Punta Arenas, Chile 5) Centro
EULA, Universidad de Concepcién, Casilla 160-C,
Concepcion, Chile
* Sebastien Bertrand, sebastien.bertrand@ugent.be

Glacial Lake Outburst Floods (GLOFs) constitute a major
threat in glacierized regions. They cause considerable
damage to infrastructure and frequently result in the
loss of livestock and human lives. Although the
frequency and magnitude of GLOFs seem to have
increased worldwide in the last decades, there is
currently no reliable scientific evidence supporting this
claim, largely due to a lack of flood records on
timescales that extend beyond gauged river-flow
datasets. This issue is particularly pronounced in
Patagonia, where 15 GLOFs were documented between
2008 and 2014. During these events, the discharge of
Baker river, which drains most of the eastern side of
the Northern Patagonian Icefield, increases from 500—
1000 to >3000 m3/sec, and river water level rises by 4—
6 m. To investigate changes in GLOF frequency during
the late Holocene we recently started investigating the
flood deposits preserved in the sediments of Baker
fijord, and in elevated lakes and peatbogs along Baker
river. In addition, we mapped the bathymetry of the
Baker fjord delta area and we deployed a mooring
equipped with a sequential sediment trap and a
turbidity logger to improve our understanding of how
GLOFs are recorded in fjord sediments. Multibeam
mapping results revealed the presence of channels
deeply incised in the subaquatic delta of Baker river,
suggesting the existence of episodic turbidity currents,
likely occurring during GLOFs. Preliminary results on
the floodplain sediment cores indicate several flood-
rich intervals alternating with periods of quiescence. In
the near future, the cores will be dated using
radiocarbon and radiogenic nuclides and the results will
be compared to historical chronicles and glacier
variability reconstructions to assess the possible
relationships between GLOF frequency and climate
change. We will also be testing the feasibility of REE
and Nd, Pb and Hf isotopes to trace changes in GLOF
provenance.

ID: 02141, 18.-
Systems, (Poster)

Human Impact on Global Aquatic

Holocene diatom community changes in a Pyrenean
high altitude lake in relation to climate changes and
local human impacts.

William BERTRAND', Anaélle SIMONNEAU®, Guirec
OLLIVIER', Didier GALOP' 1) Laboratoire GEODE,
Université Toulouse Il Jean Jaures 2) Institu des
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sciences de la Terre d'Orléans, Université d'Orléans
* William Bertrand, william.bertrand@univ-tlse2.fr
Mountain lakes are very sensitive to climate changes
and local human impacts. However, both types of
forcing may act simultaneously on lake functioning,
which can make sedimetary records difficult to
interpret. Inthis study, we aimed at disentangling both
effects using diatom community changes in a Pyrenean
lake subjected to pastoralism fo millenia (Lake Gentau,
Pyrénées-Atlantiques, France). We took a sediment
core in the lake to reconstruct its paleoenvironmental
conditions for the last 12,000 years, providing the first
continuous record in the northern slope of the
Pyrenees. Diatoms were analysed in combination with
sediment inputs, lake productivity, loss-of-ignition and
magnetic susceptibility. Nine diatom assemblage zone
could be identified. Most transitions could be
attributed to climate shifts, mainly at 9400-9100 and
7200-7100 cal BP. These affect ice-cover duration and
summer stratification as well as spring and autumn
overturns, with strong consequences for planctonic
diatoms. However, we also identified two transitions
which can be associated to changes in land use, at 1700
and 200 cal BP. These affect nutrient content, the
littoral development of macrophytes, or acidity which
in turn affect diatom assemblages compostion.
Furthermore, one brief event at 2800 cal BP was likely
the consequence of reduced solar activity, with strong
climatic consequences, and the land abandonment,
following cold conditions. Finally, we observed a
recent (200 cal BP) increase of the in-lake productivity
(decreasing C:N ratio) which should indicate increased
algal productivity. Nevertheless, we simultaneously
observed a rapid decrease of small planctonic
Cyclotella species giving room to littoral species. This
suggests a potential role of land use forcing, in contrast
to previous studies associating climate warming to the
increase of planctonic species during the same period.
Our results provide new insights into the combined
effects of climate change and local human impacts on
lakes.

ID: 01524, 12.- Trace elements and their isotopes as
geochemical proxies of past ocean conditions, (Poster)

Sulfur Isotopes as a Tracer of Sea level variability

Ravi Bhushanl, Upasana S Banerjil, Rajesh Agnihotriz,
AT Jul 1) Physical Research Laboratory,
Navrangpura, Ahmedabad[1380009, Gujarat, India 2)
Birbal Sahni Institute of Palaeobotany, 53 University
Road, Lucknow([1226007, Uttar Pradesh, India 3) NSF
Arizona AMS Laboratory, University of Arizona, Tucson,
AZ 85721, USA * Ravi Bhushan, bhushan@prl.res.in

Sulphur isotopes (5°'S) has played a crucial role in
constraining the biogeochemical cycle in modern
environment and proven to be a valuable tool in
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unravelling the early history of earth surface oxidation.
Presence of high sea water sulphate yields to high
reduced sulphur concentration in presence of high
sedimentary organic carbon which stimulates the
Bacterial Sulphate Reduction (BSR). BSR results in
depleted 5°'S in sedimentary organic carbon compared
to coexisting sulphate. Relict and active mudflats of
Saurashtra coast, Gujarat from western India were
investigated to decipher mid-late Holocene sea level
variability based on sulphur isotopic variation.
Saurashtra coast is an ideal platform for the study of
Quaternary land-sea level interactions.

Saurashtra coast being tectonically active experiences
sea regression which can be a function of local sea
lowering, tectonic activity or both. Earlier studies from
this region on sea level changes were mostly based on
fragmentary records, however, present study provides
continuous record of sea level changes during mid-late
Holocene. Two major shifts in sea regressions at ~3500
and ~1500 cal yr BP have been observed, which appear
to have transformed the studied site from coastal
lagoon to mudflat with shift in 5°'s from -30 %o to 11
%o. The present study for the first time demonstrates
variation in sea level during mid-late Holocene from
Saurashtra Coast deciphered as a function of sulphur
isotopic composition and entails exploitation of
sedimentary 8 Sasa potential tracer for past sea level
changes.
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The influence of high-density layering on firn air
transport in a 2D model
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USA * Benjamin Birner, bbirner@ucsd.edu Ancient air
trapped in ice core bubbles has been paramount to
developing our understanding of past climates and
atmospheric compositions. However, before air
bubbles become isolated in ice the atmospheric signal
may be altered in the firn column above by processes
that are not yet fully understood. Here we present a 2D
trace gas advection-diffusion model that allows us to
account for discontinuous horizontal layers of reduced
permeability and diffusivity that are thought to occur in
the firn. These regions force extensive horizontal
transport to occur, effectively diminishing gravitational
separation of isotopes near the lock-in depth because
the driving force for gravitational settling is zero in the
horizontal direction. Thus the layered 2D model
reproduces the observed lock-in zone more realistically
than previous 1D models. Furthermore, we show that,
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as in 1D models, the downward advection of air with
near atmospheric composition prevents slow-diffusing
gases from reaching concentrations expected from
gravitational separation. A suggestion is made to
correct for this kinetic isotope fractionation using noble
gas isotopes in future high precision ice core studies.
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The evolution of deep water circulation in the
subpolar North Atlantic during the last glacial
termination
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Authigenic neodymium (Nd) isotopes have become a
valuable proxy for the reconstruction of past ocean
water mass provenance. For an accurate interpretation
of Nd isotope palaeo records, however, a precise
knowledge of the Nd isotope signatures of possibly
prevailing water masses is imperative. While there is
evidence that the Nd isotope composition of North
Atlantic Deep Water and its glacial pendant remained
constant during the last glacial cycles, there is also data
that conflicts with such constancy in deeper waters.
The subpolar North Atlantic is both the source region of
North Atlantic Deep Waters as well as a very dynamic
region that reacts sensitively to climatic changes like ice
cover and surface temperatures. Furthermore, it is a
region with vastly variable input in terms of Nd isotope
composition. We reconstructed the deep water Nd
isotope composition from several sites across the deep
subpolar North Atlantic during the last transition from
glacial to warm climate. While these reconstructions
are complicated by variable inputs of easily weathered
material from the continents, we are confident that
t