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• The overarching goal of PAIS is to 
improve confidence in 
predictions of Antarctic ice sheet 
and sea-level response to future 
climate change and ocean 
warming. 

• PAIS is strongly aligned with one 
of the six priorities of the SCAR 
Horizon Scan (Kennicutt, Chown
et al., 2014): “Antarctic ice 
sheets and sea-level -
Understand how, where and 
why ice sheets lose mass”. 

PAIS - Past Antarctic Ice Sheet Dynamics 

Church et al. IPCC (2013)

Co-Chief Officers 2016-2020:
Tim Naish, tim.naish@vuw.ac.nz, Victoria University of Wellington, Wellington, New Zealand 
Laura De Santis, ldesantis@inogs.it, National Institute of Oceanography & Geophysics OGS, Trieste, Italy
Co-Chief Officers 2013-2016:
Carlota Escutia, cescutia@ugr.es Univ. Granada
Rob DeConto, deconto@geo.umass.edu Univ. of Massachusetts

http://www.scar.org/srp/pais

Based on current understanding, only the collapse 
of marine-based sectors of the Antarctic ice sheet, 
if initiated, could cause global mean sea level to 
rise substantially above the likely range during the 
21st century….IPCC AR5, 2013
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Crowded – warming – vulnerable DeConto & Pollard (2016)

% of the population-

weighted area for each 

nation or megacity below 

the projected long-term 

local mean sea level from 

emitting 1,280 Pentagrams 

Carbon (ca. 

Representative 

Concentration Pathways  

RCP 2.6) 

Populated areas affected by sea-level rise

Clark et al., 2016)
O cities with population 

10 million or greater 

https://media.nature.com/original/nature-

assets/nature/journal/v531/n7596/extref/nature17145-sv3.mov
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Dissemination of policy-relevant PAIS research and 

contributions to the IPCC 5th Assessment Report

• There is high confidence that the volumes of the 

Greenland and WAIS were reduced during periods of the 

past few million years that were globally warmer than 

present. Chapter 5 executive summary

• New temperature reconstructions and simulations of 

past climates show with high confidence polar 

amplification in response to changes in atmospheric 

CO2 concentration. For high CO2 climates Chapter 5 

executive summary.

• There is high confidence that global mean sea level was 

above present during some warm intervals of the mid-

Pliocene (3.3 to 3.0 million years ago), implying reduced 

volume of polar ice sheets Chapter 5 executive 

summary.

• The atmospheric concentrations of carbon dioxide, 

methane, and nitrous oxide have increased to levels 

unprecedented in at least the last 800,000 years.  

Summary for Policymakers.



Millions of years

(IPCC, 2013; Zachos et al., 2008, DeConto et al., 2010)

Atmospheric CO2

Ocean temperature & ice volume

modeled Antarctic glaciation threshold

Ice free Antarctica
(>1000ppm CO2, +8 to 12°C)

Dynamic terrestrial EAIS
(750-400ppm CO2, +4 to 8°C)

Dynamic  marine-based 
EAIS/WAIS 
(400-200ppm CO2, -5 to+3°C ) 

Today

PAIS aims at assessing Antarctic ice sheet sensitivity and thresholds 
to a broad range of climatic and oceanic conditions 

First Antarctic ice sheets

Future fate 
of the 

Antarctic ice 
sheets?

Marine based ice 

sheet is experiencing 

rapid loss: how fast?  

and why? 

Paolo et al. (2015)



model-data past simulations to predict  Antarctic ice sheet future 
rate of changes

Millions of years (IPCC, 2013; Zachos et al., 2008, DeConto et al., 2010)

Atmospheric CO2

modeled Antarctic glaciation threshold

Ice free Antarctica
(>1000ppm CO2, +8 to 12°C)

Antarctic terrestrial ice sheet
(750-400ppm CO2, +4 to 8°C)

Antarctic  marine-based 
EAIS/WAIS 
(400-200ppm CO2, -5 to+3°C ) 

Today

RCP 8.5 
(3.2-5.4°C >1000 ppm CO2 business 
as usual)

RCP 2.6
(430-480 ppm CO2 1.5-2°C Paris 
agreement) 

Early Miocene mid Miocene late Miocene Modern

Bedrock deepening

Simulated ice sheet 

sensitivity to climatic 

conditions

Colleoni, F., De Santis, L., 
Montoli, E., Olivo, E., Sorlien, 
C. C., Bart, P.J. Gasson, E. G. 
W., Bergamasco, A., Sauli, C., 
Wardell, N., Prato, S., 
Scientific Reports. 2018, 
volume 8, 11323



Spatio-temporal 
variability of 
processes across 
Antarctic ice-bed–
ocean interfaces: 
observations of 
present day and 
past environments  

Colleoni et al., 
2018
Nature 
Communications 
volume 9, 
Article number: 22
89 (Open access 
DOI: 
10.1038/s41467-
018-04583-0).



• Development of “ice-to-abyss” drilling transects, extending from the ice 
sheet interior to the deep sea.

• Reconstruct of past ice sheet behaviour and sea level.

• Integrate data and models to enable testing of ice sheet and glacial isostatic 
adjustment models coupled to general circulation models.

• Use these same models for future sea-level predictions!

 

The PAIS approach 



Capacity building

Data banks

Workshops-conferences

International campaigns

Schools – training courses

• supporting the planning of new data-acquisition missions using emerging 
technologies; 

• encouraging data sharing and integration of spatially targeted transect data 
with modelling studies; 

• initiating/expanding cross linkages among Antarctic research communities. 

Texas AM May 2016 & 2019

Exp 374 Ross Sea
Exp 379 Amundsen Sea
Exp 382 Scotia Sea



PAIS international research symposium 
September 10-16th 2017 in Trieste (Italy)

• Plenaries, posters, workshops, panel discussions on emerging issues and challenges for PAIS
• Strategic planning for  future PAIS and beyond
• IPCC AR6 contribution – improving projections of Antarctic ice mass loss
• Improved interdisciplinary research collaboration (paleo and evolutionary biology, 

oceanography, far-field linkages and implications 
• Linkages with other SCAR SRPs and Expert Groups

http://www.scar-pais.org/index.php/conference

White Paper http://www.scar-
pais.org/index.php/documents/13-
pais-conference-2017-white-paper/file

http://www.scar-pais.org/index.php/documents/13-pais-conference-2017-white-paper/file
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SERCE 
ice dynamics: crustal 
response, gateways 
opening and sea level 
changes (from post Last 
Glacial Max vs 60 Ma).

State of the Antarctic Ecosystem Ant-eco
paleoenvironments, biota evolution, use genetic signature 
to check gateways, land bridges and refugia

AntClim21
Proxies of climate 
variability, ice sheet and 
Southern Ocean dynamics 
(Holocene, Last Glacial 
Maximum and last 
interglacial) 

SCAR Expert Groups: ADMAP,  ANTPAS, GIANT, IBSCO, IPICS, ISMASS
SCAR Action Groups: CGG, GeoMap, ANTOS, Ocean Acidification

Cross Linkages within SCAR 

Studies investigating 
the impacts of 
ocean acidification 
on polar marine 
calcifying organisms

Ice Sheet mass loss 
estimate directly 
contributing to sea 
level rise

Understand how, where and why ice sheets 
lose mass.

Reveal Antarctica's history.

Learn how Antarctic life evolved and survived



• Palaeoclimate Records from the Antarctic Margin 
and Southern Ocean

• Palaeotopographic-Palaeobathymetric 
Reconstructions 

• Subglacial Geophysics 
• Ice Cores and Marine Core Synthesis
• Deep Time Archives
• Recent Ice Sheet Reconstructions

The PAIS subcommittes



Geoscie
nce

(since 1999)

WAIS
2019

Exp. 379

Amundsen 

Sea

2020 ?

prop. 732

Antarctic 

Peninsula

2018 

Exp. 374 

(prop. 751)

Ross Sea
2019-20 

MSP Exp. 373

George V Land 

margin

ANDRILL (2006-08)
Direct evidence of 
West Antarctic Ice 
Sheet collapse

The Antarctic response to Miocene 
and Pliocene warmth & contribution 

to Pliocene higher sea-level

IODP exp 318 
(2010), exp 374 
(2018), exp 379 
& 382 (2019≈

The PAIS subcommittee Palaeoclimate Records from the Antarctic 
Margin and Southern Ocean

Co-ordination of the Antarctic paleoclimate 
community to secure scheduling of a US$50 
million transect of Antarctic IODP drilling 
expeditions (Wilkes Land, Ross Sea, Amundsen 
Sea, Scotia Sea) in 2017/2018 and 2018/2019.
SCAR-EXCOM endorsed the action for 
COMNAP-IODP coordination

Greenhouse Antarctic 50 
million years ago. Cooling 
after Tasman gateways 
opening

2019

Exp. 382 

Iceberg Alley

Direct evidence of East and 
West Antarctic Ice Sheet 
retreat and AABW dynamics



Escutia, C., R.M. 
DeConto, R. 
Dunbar, L. De 
Santis, A. 
Shevenell, and T. 
Naish. 2019. 
Keeping an eye on 
Antarctic Ice 
Sheet stability. 
Oceanography
32(1): 32-46, 
https://doi.org/10
.5670/ 
oceanog.2019.117
. (Open Access) 
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Kim Kimberly



Totten
Rutford

Siple Coast

Wilkes

McKay et al., 2015

All PAIS subcommittees: Palaeoclimate marine Records; paleotopo-bathymetry; 
subglacial geophysics; ice-marine cores synthesis; recent reconstructions 

IT-K

AUS-
IT-US

Bentley et al., Quaternary 
Science Reviews 2014; Weber 
et al., Science 2014, Rebesco et 
al., Science 2014; (Golledge et 
al., Nature Communications 
2014

The contribution of Antarctica to abrupt sea-level 
rise during the Last Deglaciation

2017 -18-19 
international 
cruises

IODP proposals

D-Rus

India-
Japan



Cape Robert drilling 
Project (1998-2010)

34 Ma reconstructed 
topography Wilson et al., 2010

The PAIS subcommittee Palaeotopographic-Palaeobathymetric
Reconstructions

Bedmap2 subglacial bed 
elevation

https://www.bas.ac.uk/project/bedmap-2/

https://www.bas.ac.uk/project/bedmap-2/


Ice Sheet Dynamics
(Bamber et al., 2000)
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Leitchenkov, 
2015

Close et al., 2007

Thickness of post 34 Ma unit (km)

Huang et al., 2014

ANTOSTRAT 
1995

Integration of completed projects into large-scale Southern Ocean grids incl 
conjugate continental margins. Focus on relevant time periods in Cenozoic 
(e.g. Eocene, E/O, MMCO, Pliocene, Pleistocene). Differential eroded volume 
estimates, Paleoclimate modelling scenarios

The PAIS subcommittee Palaeotopographic-Palaeobathymetric
Reconstructions



The PAIS subcommittee Ice Cores and Marine Core Synthesis

ESF Polarclimate project: HOLOCLIP -
Synthesis integrating ice and marine 
data with LOVECLIM climate model

Mathiot et al. (2012) Clim. Past, 9, 887–901, 2013; doi:10.5194/cp-9-887-2013

Observation data from ice and
marine cores at high latitudes over
the Holocene (temperature
differences between snapshots at
10, 8, 6, 4 and 1 ka BP)



Beyond EPICA: 

The quest for a 1.5 million year ice core

https://www.beyondepica.eu/

For info, please visit:

Site chosen for drilling: 
Little Dome C, 40 km 
from Concordia station

On 1st June 2019 the EU project 

Beyond EPICA has started. It will 

last 6 years. 

Subcommittee Ice Cores and Marine Core Synthesis

Info from B. Stenni

https://www.beyondepica.eu/


PAGES article and Marsden and NERC proposals:

Recent article on
obtaining Past
Antarctic ice sheet
information from
ice cores.



Within the framework of the SCAR Horizon 
Scan and ARC Roadmap, PAIS is looking 
forward 10 years to the logistical and 
operational requirements of future data 
acquisition projects such as:

• IODP and other offshore and 
nearshore geological drilling 
programs, 

• subglacial drilling and 
investigations, 

• High resolution ice core – marine 
core correlations

• research cruises for cross-
disciplinary sea bed mapping and 
for collecting geophysical data for 
paleo-bathymetric and paleo-
geographic reconstructions of the 
Antarctic margin.

Ice sheet models FOR PREDICTING THE 
FUTURE are now using geological 
constraints in a quantitative sense (Ritz, 
DeConto, Pollard, Golledge etc.), to test 
and tune model physics, but the available 
data are limited:

• Need better constraints on timing 
and rate (e.g. MWP-1A, LIG), 

• Antarctic contribution to 6-9m SLR 
during the Last Interglacial 
125,000 years ago poorly 
constrained 

• Challenge to couple dynamic 
ocean and ice sheet models.

• Need better paleo-bathymetry, 
paleo-topography, 
paleogeography

modellingdata

The PAIS future directions



Steering Committee

12 countries



Budget

• Workshops organization 

• Conference attendance (early career and students travel support)

• School attendance travel support (ECORD summer school)

• Web page


