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Executive Summary
Nearly 100 scientists working in disciplines ranging from atmospheric and marine
chemistry, paleoclimatology, paleoceanography, paleoclimate model-data comparison to
archaeology attended a weeklong American Geophysical Union Chapman Conference on
Abrupt Climate Change. The conference was held at the Byrd Polar Research Center of
the Ohio State University, Columbus, Ohio, from 15-19 June, 2009. The basic purpose of
the conference was to understand the spatiotemporal extent of abrupt climate change and
the forcings behind it. Most of the presenters demonstrated that, regardless of whether the
paleo-records were from lakes, speleothems (cave formations), ice-cores, or marine
sediments, abrupt climate change was a recurrent phenomenon at least during the last
glacial-interglacial climate cycle (14.6-116 ka). Whether such recurrent events occurred
during previous glacial cycles is not well documented due to the scarcity of very long
paleo-records with the requisite spatial and temporal resolution. Participants noted that
the number of paleo-records from the Southern Hemisphere (SH) irrespective of glacial
cycles was very low and stressed the need to increase efforts to acquire more paleo-

records from the SH.

Many important discoveries and well dated paleo-records were presented at the
conference and will be published in an upcoming Geophysical Monograph. Several new
areas of inquiry were discussed, including (1) the role of Southern Hemisphere local
insolation in developing an independent chronostratigraphy circumventing the traditional
method of deriving an age using orbital tuning and using the chronostratigraphy to
correlate the Northern Hemisphere insolation with the glacial terminations, (2) phasing
between the deep ocean and surface water warming (derived from benthic and planktonic
foraminifers oxygen isotope (5'°0) across the terminations, (3) indication of monsoon
failure from atmospheric oxygen isotope (8'*Oqum) and deep ocean temperature change
from inert gases, (4) timing of the opal flux and deep ocean carbon dioxide (CO,) release
in the atmosphere and phasing with the position of the westerlies, (5) dynamic proxies
and models’ response to freshwater forcing in assessing meridional overturning
circulation strength, and (6) the role of the Antarctic intermediate water in distributing

heat and transporting old carbon around the ocean.
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Conference Objectives

The main objective of the Chapman conference on Abrupt Climate Change was to bring
together a diverse group of researchers who deal with paleo-proxy records such as ice
cores, corals, marine sediments, terrestrial archives (lakes and speleothems), and coupled
ocean-atmosphere climate models to discuss recent advances in understanding the
mechanisms of abrupt climate changes. Since the discovery of the Dansgaard-Oeschger
(D/O) events in Greenland ice cores and their subsequent cousins in the marine sediments
of the North Atlantic, search for these abrupt, millennial-scale events across the globe has
been intensified. A good compilation of these abrupt climate events are given by Voelker
et al. (2002) and Clement and Peterson (2008). Since then, the number of paleoclimatic
records has increased with most Northern Hemisphere records showing teleconnections
with the D/O cycles in Greenland. However, the evidence for the abrupt climate change
from the Southern Hemisphere is not clear although there appears to be a one-to-one
correlation of the new Eastern Droning Maud Land (EDML) records of Antarctica,

recovered from a location facing the South Atlantic, with Greenland (EPICA, 2006).

Marine and terrestrial paleoclimate records from the Southern Hemisphere are sparse and
do not have enough temporal resolution to characterize the relevant timescales of climate
variability. The paleo-records from the northern tropics and subtropics mainly show
concordant climate changes with those in the North Atlantic, while asynchronous and
even anti-correlated phenomena are exhibited in records from the southern tropics and
from the high latitudes of Southern Hemisphere. For example, the Indian and East Asian
monsoon systems seem to correlate with the North Atlantic climate, whereas the South
American monsoon records show anti-correlation to the Greenland records (Wang et al.,
2006). Moreover, paleo-proxy records from the equatorial Pacific are characterized by a
complex pattern of abrupt climate change that borrows elements from both the Northern
and Southern Hemispheres end members, suggesting that the tropical Pacific may have

played a significant role in mediating abrupt climate change between the hemispheres.

Three mechanisms have often been invoked to explain these abrupt climate changes: (a)
freshwater forcing in which meltwater was injected from the circum-North Atlantic ice-

sheets through icebergs-rafting which may have disrupted the meridional overturning
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circulation (MOC) by preventing the formation of North Atlantic Deep Water (NADW)
in the Nordic seas; (b) Expansion of sea-ice extent in which the albedo effect through
altering the local and global energy and thus insulating the ocean from the atmosphere by
cutting off the heat and moisture supply; and (c) the tropical forcing which calls for a
combinations of the orbital configuration, El Nifio-Southern Oscillation (La Nifia) and

sea-surface temperature (SST) conditions.

A number of outstanding scientific questions regarding Abrupt Climate Change were

discussed in the meeting which includes:

e Given the amount of attention focused on meltwater forcing in modulating the
MOC from the circum-North Atlantic, the extent to what degree and with what
level of confidence do paleo-proxies suggest a one-to-one relationship between
the freshwater fluxes and the strength of the MOC, as well as the sources of
meltwater pulses?

e Are kinematic and nutrient proxies for the strength of the MOC congruent across
the Abrupt Climate Changes? How do these proxies differ between the climate
mean state and transient periods?

e Do current general circulation models (GCMs) simulate abrupt strengthening and
gradual weakening of thermohaline circulation (THC), consistent with the rapid
warming and gradual cooling of D/O events? If not, what other factors need to be
considered other than the THC?

o Is there robust evidence for sea-ice in the Atlantic Ocean during the last glacial
cycle? How much has sea-ice extent fluctuated on millennial-time scales? How
has the fluctuations influenced the surface salinity and thus the density and water-
mass stratification?

o With the exception of the tropical Atlantic marine record, most tropical paleo-
records show a clear lack of D/O cooling. Does this indicate that the parts of the
tropics respond differently due to ensuing changes in the hydrological cycle and
temperature nested in the THC?

e Given the dramatic changes in Arctic sea-ice and hydrography, how did the Arctic

freshwater budget affect the overturning circulation of the North Atlantic?
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e Why does the Antarctic temperature show a more gradual and less pronounced
warming and cooling compared to the D/O events in Greenland? Does this
indicate a direct role for deep ocean circulation in ushering the abrupt climate
changes?

o In light of the current concern about the instabilities of the West Antarctic and
Greenland Ice Sheets how can the paleoceanographic records be used to decipher
past ice-sheet dynamics?

e What is the link between sea-ice extent and ice-sheet dynamics? How does the
ocean heat transport influence the dynamics of the ice-sheet margin? Is the coastal
ice-shelf a slave to the ocean currents?

e Was there any relationship between the demise of past civilizations and climatic
deterioration? What are the climate tipping points that have driven past

civilizations to collapse or dismantle?

The meeting spent five days with the ice-breaker on Sunday, the June 14", 2009. Each
meeting day consisted of a morning and afternoon session, beginning with a keynote
lecture, and then continuing with two sessions on each of the main focus areas (see
below). In the Wednesday afternoon, most of the participants took part in the field trip
(see below for details) which investigated the margin of the Laurentide Ice Sheet. The
sessions were scheduled in a way where the both the paleo-data and data-model
comparison modeling results were presented. The conference topics were divided into
seven themes which are as follows (see http://bprc.osu.edu/~rashid/Chapman.ACC/

program.html for full program).

1. Polar climate variability;

2. High latitude atmosphere-ocean dynamics and the meridional overturning
circulation;

3. Low to mid-latitude ocean-atmosphere dynamics (and coupled systems);

4. Abrupt climate forcing from CO2;

5. Abrupt changes during the Holocene and their impact on civilizations;

6. Abrupt climate Change during glacial Terminations, and

7. Abrupt climate Change and the meridional overturning circulation.
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Discussions

Late Holocene tropical climate variability:

It is clear that during the past 5 thousand years Earth experienced at least 2 global-scale
abrupt climatic excursions, each of which was associated with devastating consequence
to human life. At 5.2 and again at 4.2 ka, the climate experienced a profound change that
persisted for at least three centuries. Each abrupt event dramatically changed human
cultures and changed the course of human history. However, due to the lack of spatial
coverage, it was not clear the mechanisms of such abrupt changes during warm periods
(such as the Holocene — the last ~10,000 years). It was emphasized that these climate
events occurred within the past 5 ka when the climatic boundary conditions were similar
to today’s (prior to the rise in anthropogenic greenhouse gases). These two events were
spaced approximately 1000 years apart. The abrupt onset of these events was followed by
changes to the hydrologic cycle which was nearly (excluding the Polar Regions) and

sustained for multiple centuries. Dramatic examples were presented at the meeting.

The event at 5.2 ka is preserved in diverse paleoclimate records that include the oxygen
isotope records from Kilimanjaro, methane records from Antarctica and Greenland, the
Soreq Cave isotopic records and marine records of the onset of arid and hyperarid
conditions in the Andaman Sea and Bay of Bengal and Saharan desert. Other evidence
includes preserved trees standing hundreds of feet below the surface of Lake Tahoe, 5.2
ka plants emerging from the retreating margins of an Andes glacier, the recent emergence
of Ozti (the 5.2 ka old ice man) in the Eastern Alps. All these data point to a near global
low to mid low latitude abrupt climate event that impacted civilizations on three different
continents. There were likely several hundred million people on the planet that time. For
example, the 4.2 ka climate event that lasted at least 300 years is revealed in numerous
paleoclimate histories. It is associated with the only major dust event in the last 17 ka of
the Huascaran ice core from northern Peru. Archeologically recorded droughts in the
Euphrates and Tigris drainage basins are recorded in the Kilimanjaro ice cores and cores

drilled in the Gulf of Oman, Andaman Sea and Bay of Bengal and lake records from the
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Gharwal Himalayas. The impact of such a rapid and sustained drought event today with 7

billion people would be devastating.

It is clear that the paleoclimate community has uncovered information about Earth’s
natural climate behavior that is unprecedented in the instrumental record and is
unappreciated by the broader climate science community. This information is highly
relevant to the USCCSP. Given the growing concern that Earth may be experiencing
another abrupt climate change today, these past episodes of abrupt climate change
provide us an opportunity to study how the climate system enters an abrupt change by
developing the necessary data that can be coupled with model experiments designed to

answer why Earth has experienced such dramatic changes in the recent past.

Paleoceanography of the Indian Ocean

The under investigated ocean in the paleoceanographic studies is the Indian Ocean. Many
meeting participants pointed out that the ocean drilling program has not been active in the
Indian Ocean since 1989. Four drilling proposals 514-Droxler et al.; 552-France-Lanord
et al.; 596-Clift et al., and 549-Liickge et al. are under review by the SSP panel of the
IODP for a future Leg in the Northern Indian Ocean. For example, Clift et al. proposed to
drill the Bay of Bengal deep-sea Fan to elucidate the erosion and uplift history of the
Himalayas. However, none of the proposals deals with reconstruction of the outflow from
the Ganges-Brahmaputra-Meghna-Irrawaddy rivers. Recent studies have shown that the
Indian summer monsoon can be modulated by the millennial-scale climate variability,
where both short-and longer-term paleoclimatic records are critical for understanding the
history of hydrological cycle, which is important for nearly one-billion population of this
region. In addition, the proposed sites are too far offshore to record freshwater outflow
from rivers. Therefore it is recommended to double the effort: not only to extend the site
survey for future drilling closer to the mouths of these rivers, but also to integrate the
effort from many research groups such as the University of Bremen, LSCE (France), and
the Ohio State University. It is worthy of note that India became a member of the IODP,

and hence the IODP’s efforts in the northern Indian Ocean would be highly appreciated.
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The other important point discussed was to drill a few selected land-ocean transacts along
the eastern African continental margin. This would enhance our understanding of the
long-term changes in the east African climate and, thus evolution and dispersal of
hominids. It was pointed out that Lake Challa may provide a longer time-scale terrestrial

climate yet an equivalent climate records from the Indian Ocean is yet to be obtained.

Past climate of the Southern Ocean

It was agreed that paleo-records from the Southern Ocean are very sparse, especially
from the southern sectors of the Pacific and Indian Oceans. The recent recovery of the
centennial- to millennial-scale nearly a million years long climate records from the
European Ice Core Activity in Antarctica (EPICA) should pave the way to search for
equivalent climate records from the southern Oceans. Participants recognized that there

are no coordinated activities to achieve such goals, and that focused efforts are needed.

Several participants stated their concerns about the post-cruise funding environments
after the drilling activities. For example, the NSF has a program termed the Expedition
Objectives Research to fund work on the collected drilling samples. However, as many
participants stated, after repeated submissions of proposal to work on the collected
samples, they were unsuccessful to secure funding. This situation worsened since 2005.
Therefore, even though the scientific community should focus on drilling new,
scientifically rewarding sites, the data gap might not improve unless the NSF takes a hard

look at how to improve the funding of post-cruise activities.

Paleoclimate simulation and data/model comparison

Well respected and active members of the paleoclimate modeling community of abrupt
climate change attended and presented at the meeting. Most of the modelers stressed the
need to improve the data resolution as well as tighter age-constraint on the paleo-records.
In addition, it was suggested to further explore “the meaning of proxies”, resolve the

leads and lags in important paleo-records and provide a bench-mark test for climate
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sensitivity analysis. For example, the oxygen isotopes in speleothems could represent the
precipitation amount, changes in seasonality, or changes in source region of moisture. A
clear understanding of the oxygen isotopes and the variables mentioned above need a
better corroboration. Furthermore, modelers also asked questions to resolve the sources
for carbon dioxide increase during the Antarctic warming events, and what factors

attribute to the deep ocean warming during Heinrich events.

Recommendations

Many meeting participants agreed that more high quality paleo-records with improved
temporal resolution, as well as “zero” uncertainty dating, are required for state-of-the-art
model-data comparison studies. The presenters further stressed the urgent need to
formulate strategic plans to expand on the excellent data sets already available from the
last glacial-interglacial cycle and take on new challenges to contribute to efforts
predicting climate changes in a warmer world, as undertaken by the Intergovernmental

Panel on Climate Change.

To contribute to climate change prediction efforts, it is important to understand the
mechanisms of the Holocene (0 to 11.6 ka) transient climate events such as those 5.2 and
4.2 ka ago. These events are found mainly in low latitude climate archives related to
hydrological history and are contemporaneous with the disruption of civilizations on
three different continents. Most of the participants also agreed that given that more than
half of humanity lives in the tropical belt, any changes in regional hydrological cycles
cannot be overemphasized. Therefore, focused research needs to be conducted to

understand the tipping points of the tropical hydrological cycle.

Participants recommended several main areas to improve the approaches for
understanding abrupt climate change, including:
(1) Collecting more high quality data and improving coordination of paleoclimate
and modeling approaches;

(2) Concentrating on a few key time horizons but using many proxies;
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(3) Studying sea-ice proxy biomarker IP25, a fast and powerful feedback in
subpolar regions such as the North Atlantic and sub-Antarctic; and
(4) Investigating new proxies such as clumped isotopes, a promising tool to

provide an independent temperature proxy.

Drilling recommendations

Drilling sites in the Indian Ocean, both in the southern Indian Ocean facing the EPICA
drill site and northern and western Indian Ocean are deemed necessary. Most of the
scientists agreed that funding should be focused to search for high sedimentation rate
sites especially the sediment drifts which may provide the centennial-millennial-scale
resolution paleo-climate records. Sites closer to the mouths of the Ganges-Brahmaputra-
Meghna-Irrawaddy rivers are necessary for the reconstruction of the past Indian summer
monsoon. Suitable sites in the western margin of the Indian Ocean especially a shallow to

deep water transact along the Kenya-Tanzania margin are needed to be explored.

New drilling sites in the southern sectors of the Pacific and Indian Oceans need to be
explored. Drilling and subsequent paleo-records from the Chattam Rise and Chilean
margin were very valuable but the vast Southern Ocean remains an open area for

research.

Field Trip - Laurentide Ice Sheet Margin at LGM, Central Ohio

During the Last Glacial Maximum (LGM) (18-24? ka) Columbus, Ohio was covered by
the Scioto Lobe of the Laurentide Ice-Sheet (LIS), which reached the Appalachian
Plateau to the east. There it disrupted drainage, formed ice-marginal lakes, end moraines,
and ice-contact topography (kames) and outwash terraces (see the Appendix for a
graphical identification of these glacial land features, maps of the field trip route with
stops, color maps provided by the Ohio Geological Survey --Glacial, Bedrock Geology
and Physiographic Regions-- and other related materials). The objective of the half-day
field trip was to understand the development of these terrestrial features which were

dominated by till plain, end moraines and outwash and ice-contact deposits. We made
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several stops to examine till and outwash deposits. These gave us opportunity to enhance
our understanding of the Quaternary history of the region and helped us to visualize

changes beneath the ice and at the ice margin.

Across the glaciated portions of Ohio there are landforms and sediment that record the
advance of several ice sheets during the last ice age. Deposits range from ancient river
terraces as found in southern Ohio, to end moraine, kames, and kettles scattered across
the landscape in northeastern to southwestern Ohio. These ancient deposits record three
major advances with one other advance inferred from elevated river terraces and exotic

boulders.

In older literature four glacial advances are recognized during the Pleistocene time.
However, it is now assumed that many smaller advances and retreats occurred over the
same time span. Since relatively little recent work has been done on the terrestrial glacial
history covering the four glacial advances defined in the older literature, we used terms
often cited in the literature which, in order from oldest to youngest: Nebraskan, Kansan,

Illinoian, and Wisconsin.

The Nebraskan glaciation was the first glaciation, and it is unclear when it was first
initiated as there are no definite sediments that record this glacial advance (Hansen,
1974). All that is left may suggest an early glaciation as evidenced from the river terraces

found at high elevations, as well as exotic boulders.

The next advance, the Kansan, made it all the way to Cincinnati as revealed from glacial
sediments. These are the oldest known sediments left by glaciers in Ohio. Again, due to
small amount of these sediments that are left, as well as their poor quality not much can
be said about this early glaciation other than there was an ice sheet in Ohio during this

glacial stage.
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The next glacial advance, the Illinoian, occurred ~70 ka ago, and sediments of this
glaciation are more prominent in Ohio. Morainic drift spans from southwestern Ohio into

the northeastern Ohio at the very limit marking this glacial advance.

During the Wisconsin period, the first major advance of the Erie lobe, the LIS made its
way to Columbus (Goldthwait, 1965). The next major advance was associated with the
spreading of the LIS possibly as far south as Dayton (Goldthwait, 1965). Two of these
glacial advancements were followed by the smaller retreat during the interstadials. The
third and the most extensive glaciation occurred ~20 ka ago and ended between 10 and
12 ka ago (Goldthwait, 1959, 1965). The third advancement was very extensive and
assumed that the LIS extended as far south as the Cincinnati/Richmond area and buried

Columbus and Dayton under approximately 3,000 feet of ice (Goldthwait, 1959)!

The advance of these lobes took place between ~24 and 16 ka ago. The Miami lobe was
still active 19.5 ka (£ 400 yrs), while the Scioto lobe remained active up until 18 ka
(£400 yrs.). The retreat of the glaciers then began between ~18 ka ago (400 yrs) and
16.6 ka (£230 yrs), at a rate of about 300ft per year until the ice front had probably
reached Toronto (Goldthwait, 1959, 1965). Approximately 14.5 ka there was yet another
surge which brought ice into northern Ohio but only into the present day Cleveland area

(Goldthwait, 1959). Once this ice left, it never returned to Ohio again!

The glacial ice from Canada probably originated as a sheet of grounded ice
approximately 600 ft thick (Goldthwait, 1959), in the region of the present day Lake Erie.
This ice sheet behaved like alpine glaciers, or warm based glaciers, as they moved. This
means that instead of moving by internal deformation of ice crystals above a frozen base
like polar ice, this ice sheet moved as a result of basal shearing along a slushy base. This
promoted extensive erosion and is the reason why there are extensive deposits recording
this glaciation. At the time spruce forests, similar to those found in northern Canada,
probably characterized the periglacial environment in Ohio. The typical creatures such as

Mammoths and Mastodons roamed the landscape as well as other Pleistocene mammals.
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As a result of this glaciation many new landforms were generated and others destroyed.
As glaciers advanced they destroyed deposits of past glaciations and filled in valleys with
their tills. As they retreated they deposited landforms of their own. These landforms

allow for the reconstruction of the ice advance into Ohio.

Glaciers also modified drainage. In one instance it destroyed an ancient river and gave
birth to a river we know well today, the Ohio River. Over two million years ago a river
formed that stretched from North Carolina, northward through West Virginia through
what is now called the New River Gorge (Hansen, 1995), and Kentucky up into Ohio and
westward to Illinois where it emptied into an embayment that occupied the present-day

Mississippi river. This river is known as the Teays river.

As the earliest glaciation came down, whether it be the Nebraskan, or Kansan cannot be
determined, but early glacial ice dammed the waters of the Teays river to the north
forming a huge lake in south-eastern Ohio, north-eastern Kentucky, and western West
Virginia. The waters continued to rise to a depth of at least 900ft encompassing an area of
approximately 7,000 square miles, slightly smaller than the present day Lake Erie
(Hansen, 1995).

The ice lead to the formation of a variety of other lakes such as the Great Lakes. It is
believed that the great lakes formed when ice-dammed water was draining during the
glacial retreat, but was eventually trapped due to isostatic uplift of the crust as the weight
of the ice was removed by melting.

Professor Garry McKenzie of the School of Earth Sciences and Harunur Rashid, Byrd
Polar Research Institute, The Ohio State University, lead the field trip.

Conference support

Support for the conference was augmented by the contribution from the National Science
Foundation, Climate, Water and Carbon Program and Office of the Research of the Ohio
State University in addition to the support from the Ocean Leadership. As a result, we

were able to provide travel support to all the participating graduate students, postdoctoral
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researchers and a few young investigators. We were also able provide travel support to

most of the invited speakers.

Conveners:
Harunur Rashid, Byrd Polar Research Center, Ohio State University, OH.
Lonnie Thompson, Byrd Polar Research Center, Ohio State University, OH.
Leonid Polyak, Byrd Polar Research Center, Ohio State University, OH.

List of invited speakers who spoke in the conference:
Richard Alley, Penn State University

Robert F. Anderson, LDEO/Columbia University

Henning Bauch, Oregon State University

Ed Boyle, Massachusetts Institute of Technology

Tom Delworth, GFDL/Princeton University

Roger Francois, University of British Columbia

Benjamin Flower, University of South Florida

Konrad Hughen, Woods Hole Oceanographic Institution

Kenji Kawamura, National Institute of Polar Research, JAPAN
Peter deMenocal, LDEO/Columbia University

Shawn Marshall, University of Calgary, CANADA

Bette Otto-Bliesner, National Center for Atmospheric Research (NCAR), Boulder
Jonathon Overpeck, The University of Arizona

Katharina Pahnke, University of Hawaii

Thomas Marchitto, University of Colorado, Boulder

Aradhna Tripati, Cambridge University

Jeff Severinghaus, Scripps Institute of Oceanography, San Diego
Jean-Lynch Stieglitz, Georgia Institute of Technology, Atlanta
Lowell Stott, University of Southern California, Los Angeles
Harvey Weiss, Yale University

Antje Voelker, INETI, PORTUGAL
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Program Committee

e Henning Bauch, IFM-GEOMAR, Bremen, GERMANY

e Claire Waelbroeck, LSCE-CNRS, Paris, FRANCE

e Valerie Masson-Delmotte, IPSL/CEA-CNRS, Paris, FRANCE

o Larry Edwards, University of Minnesota, Minneapolis

e lan Hall, School of Earth Sciences, Cardiff University, UK
o Jan Howat, School of Earth Sciences/Byrd Polar Research Center, Columbus

o Konrad Hughen, Marine Chemistry and Geochemistry, WHOI

e Tom Marchitto, Department of Geological Sciences/INSTAAR, U. Colorado,
USA

o Antje Voelker, INETI, PORTUGAL

Media coverage:

A good numbers of local as well as national both print and on-line media covered the
conference. The AGU brought their entire media crew for a pilot project as a result a
good number eminent scientist were able to be interviewed on the conference venue.
These video clips will be available on the YOUTUBE and the copyright for the video
belongs to the AGU media and publications department. We have also written an EOS

meeting a report which can also be consulted from the AGU website.

List of attendees and their full contact address

The list of participants who attended the Chapman conference on Abrupt Climate Change
is given below. This list provides the attendant who registered before the start of the
conference. Twenty three (23) participants registered onsite but apparently the AGU is

unable to provide the list of those attendees for this report.
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