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ASTRONOMY AND GEO-SPACE
OBSERVATIONS FROM ANTARCTICA

Tony Travouillon
Lucilla Alfonsi, Adriana Gulisano, Jennifer Cooper
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lonospheric TEC and scintillation climatology at SANAE station

Lucilla Alfonsi?, Luca Spogli*?, Pierre J. Cilliers?
1istituto Nazionale di Geofisica e Vulcanologia, Rome, Italy, 2SpacEarth Technology srl, Rome, Italy, 3South African
National Space Agency, Hermanus, South Africa

We report on an unprecedented climatological assessment of ionospheric scintillations and TEC gradients at
Antarctic sub-auroral/auroral latitudes observed from the South African Antarctic station, SANAE IV
(71°40'22"S, 2°50'26"W). The station is equipped with a Septentrio PolaRxS receiver providing access to
ionospheric delay and related measurements from not only the GPS system of navigation satellites but also
from the Russian GLObal NAvigation Satellite Systems (GLONASS) and European Galileo satellites. The field
of the GNSS satellites in view from the station is mainly sub-auroral, but under perturbed geospatial
conditions it can enter the auroral oval.

Our assessment of TEC and ionospheric scintillations is based on the data acquired along the period 2017-
2019 and shows frequent occurrence of moderate to high o® level. The S4 climatological behavior testifies
an infrequent occurrence of moderate amplitude scintillation. The oc® index considered in our analysis is
provided by the receiver firmware applying a cutoff frequency of 0.1 Hz for detrending. The detrending is
necessary to remove the effect on the phase of the signal due to the relative velocity between the
transmitter (onboard the satellite) and the receiver (at ground) and the slowly varying background
ionosphere. A cutoff frequency of 0.1 Hz means to assume a relative velocity of about 40 m/s that is often
inappropriate to describe the dynamics of the high latitude ionosphere. In such a framework we will
critically discuss the “phase without amplitude” scintillations observed over SANAE.
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Keeping telescope optics free from ice on the Antarctic plateau

Michael Ashley!
IUniversity Of New South Wales, Sydney, Australia

The formation of ice on the optical elements of telescopes has been a long-term problem in Antarctica that
has resisted a satisfactory solution. Various techniques have been tried, such as the use of desiccants for
internal surfaces, indium tin oxide coatings on external windows, and hot air. Some of these techniques
have negative effects on the astronomical observations, e.g, indium tin oxide will absorb some of the
incoming light, and heating an element can introduce air turbulence.

This talk will review the physics of ice formation and sublimation under the unique conditions prevailing on
the Antarctic plateau. There are been recent relevant experimental results, and atomic force microscopy of
water molecules on metal surfaces. Proposals will be made for techniques to measure ice formation, and to
efficiently eliminate it, while minimizing the effect on astronomical observations.
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The Greenland Telescope

Mingtang Chen?
IAcademia Sinica, Taipei, Taiwan

The Greenland Telescope (GLT) has been participating in global very-long- baseline-interferometry (VLBI)
observations from Thule Air Base since the spring of 2018. Located in northwestern Greenland, the
telescope has provided an important northern location for global VLBI campaigns for studying supermassive
black holes. The telescope has been completely rebuilt and commissioned, with many new components,
from the ALMA North America Prototype antenna and equipped with a new set of sub-millimeter receivers
operating at 86, 230, and 345 GHz, as well as a complete set of instruments and VLBI backends. This paper
reports our progress of fine-tuning the telescope and the operational status from the past two years (2018 -
2020) for this unique submillimeter telescope in the Arctic Circle.
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Challenges and evolution of the ITM Antarctic telescope design

Jean Marc Christille!, Daniele Tavagnacco?, Stefano Sartor?, Yuri De Pra3
10AVdA - Astronomical Observatory Of Autonomous Region of Aosta Valley, Nus, Italy, ?’Astronomical Observatory of
Trieste, Trieste, Italy, 3University of Udine, Udine, Italy

The International Telescope Maffei (ITM) is a f/21.16 Cassegrain telescope located at Concordia Base in
Dome C, Antarctica. The telescope has been developed as a project hosted by the Italian Programma
Nazionale di Ricerche in Antartide (PNRA) and Consiglio Nazionale delle Ricerche (CNR) and has been
operating in Concondia since 2005.

Over the years of activity several modifications have been made in order to increase the robustness of the
system adopting new technologies and materials.

Moreover, during this period, the telescope facility received many observing proposals who challenged its
observing capabilities and required to push the telescope initial limits even further.

Two years ago the ITM facility underwent a major upgrade starting from the refactorization of the whole
control system.

The thermalized boxes containing the control devices and instruments have been re-designed to take into
account the experience gained in the years.

The new telescope facility is focused on simplifying any human intervention in the system through a
redundant, distributed and fully autonomous thermal control.

In this contribution we present the last step of the telescope upgrade, the new box design and new control
system together with the lightweight web-app used to monitor and supervise remotely the facility even
from Europe through the Concordia Base VPN and the main observing challenges that the telescope
foresees in the next years.
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Impact of the South Pole Telescope (SPT) on Galaxy Cluster Science

Jennifer Cooper?!
IUniversity Of Kansas, Lawrence, United States

In this review-style presentation, | will discuss how the South Pole Telescope (SPT) has laid the groundwork
and made significant contributions towards the science of studying galaxy clusters. Numerous space- and
ground-based telescopes utilize surveys completed by SPT, and | would like to highlight these
accomplishments from the past decade. Additionally, I'll cover the advantages of polar-located
observatories, how SPT surveys of clusters compare to other surveys, and how future projects such as the
James Webb Telescope can further the discoveries completed by SPT.
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lonospheric response to the June 2015 geomagnetic storm in the South
American region

Eduardo P Macho?, Emilia Correia'?, Claudio M Paulo?, Lady Angulo?, Jose A G Vieira?
INational Institute for Space Research - Inpe, Sao Jose dos Campos, Brazil, °Mackenzie Presbyterian University, Sao Paulo,
Brazil

The ionospheric dynamics in the South America (SA) sector during geomagnetic disturbed period from 21 to
24 June 2015 is investigated through ground ionosonde stations and Global Navigation Satellite System
(GNSS) receivers. These disturbances were caused by 3 interplanetary shocks (IS) derived from 3
consecutives coronal mass ejections (CME) from the same solar active region; the first two CME were
caused by filament eruptions, and the third was a much larger full halo CME, associated with a M2.6 solar
flare. The first 2 shocks were compressive and did not cause an immediate response to the ionosphere in
the analyzed region, while the third shock increased considerably the electron density from low to high-
latitudes, triggering the second strongest geomagnetic storm of the 24th solar cycle. It was possible to
observe the expansion of the crest of equatorial ionospheric anomaly (EIA) at midlatitudes and high-
latitudes mainly due to prompt penetration electric field (PPEF) during the main phase and the recovery
phase of the geomagnetic storm during the day.
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Two-colour photometry to search for transiting exoplanets with ASTEP at
Dome C, Antarctica

Nicolas Crouzet?, Tristan Guillot?, Lyu Abe?, Djamel Mékarnia?, Karim Agabi?, Yves Bresson?, Christophe
Bailet?, Nicolas Mauclert’, Ana Heras?, Pierre Ferruit?, Amaury Triaud®, Anne-Marie Lagrange®, Francois-Xavier
Schmider?, Giovanna Giardino?, Kate Isaak?, Ralf Kohley®, Daniel Michalik!, Bernard Foing?, Géran Pilbratt?,
Anamarija Stankov?, Philippe Gondoin?, Stephan Birkmann®, Laurence O'Rourke®

IEuropean Space Agency / ESTEC, Noordwijk, The Netherlands, *Laboratoire Lagrange, CNRS, Observatoire de la Cote
d'Azur, Université Cote d'Azur, Nice, France, 3University of Birmingham, Edgbaston, United Kingdom, *Institut de
Planétologie et d’Astrophysique de Grenoble, Université Grenoble Alpes, CNRS, Grenoble, France, >European Space
Agency / ESAC, Villanueva de la Cafiada, Spain, ®European Space Agency / STScl, Baltimore, USA, ’Observatoire de la Cote
d'Azur, Nice, France

Dome C in Antarctica provides exceptional conditions for photometry thanks to the continuous night during
the Antarctic winter, a high clear sky fraction, low wind speeds, and a cold and dry atmosphere. The ASTEP
project (Antarctic Search for Transiting ExoPlanets) aims at detecting and characterising transiting
exoplanets and qualifying this site for photometry in the visible. The main instrument, a 40 cm telescope,
has been designed to perform high precision photometry under the extreme conditions of the Antarctic
winter and has operated at the Concordia station since 2010. It will be upgraded with two new cameras and
a new camera box in order to provide simultaneous two-colour photometry and substantially increase its
throughput. The new setup will be operational for the winter campaign 2021 and will allow us to discover
transiting exoplanets orbiting bright stars in particular low mass exoplanets, temperate exoplanets,
exoplanets around young stars, and to refine the ephemerides of exoplanets discovered by the TESS
mission. These observations will provide targets for first characterisation with the CHEOPS mission and
atmospheric studies with the JWST and ARIEL missions. In this talk, | will describe the science goals and the
upgrade of the ASTEP telescope.
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Searching for long period transiting exoplanets with ASTEP South at Dome C, Antarctica

Nicolas Crouzet?, Djamel Mékarnia?, Karim Agabi?, Tristan Guillot?, Lyu Abe?, Daniel Bayliss®, Hans Deeg*,
Felipe Murgas®®, Enric Palle**, Francois-Xavier Schmider?

1European Space Agency / ESTEC, Noordwijk, The Netherlands, ?Laboratoire Lagrange, CNRS, Observatoire de la Cote
d'Azur, Université Cote d'Azur, Nice, France, 3University of Warwick, Coventry, United Kingdom, #Instituto de Astrofisica
de Canarias, La Laguna, Spain, *Universidad de La Laguna, La Laguna, Spain

Much of our understanding of gas giant exoplanets come from those transiting in front of bright stars at
short orbital separations (P ~ 3 days, a ~ 0.05 au). However, these "hot Jupiters" are coupled to their host
stars: the strong irradiation and tidal interactions impact their orbital and physical properties. In contrast,
"cold Jupiters" (P > 30 days, a > 0.2 au) are largely decoupled from their host stars and those transiting
bright stars provide ideal benchmarks to study gas giant exoplanets. The 4-month continuous night during
the Antarctic winter combined with excellent weather conditions is favorable to the detection of long
period exoplanets, which are not accessible from temperate sites. We analysed four winters of photometric
data collected with the ASTEP South instrument at Dome C and identified transit candidates with long
orbital periods around bright stars. We conducted photometric follow-up of these objects using the 40-cm
telescopes of the Las Cumbres Observatory Global network of Telescopes and we analysed their lightcurves
extracted from the full frame images of the NASA TESS mission. In this talk, we will present these objects
and the results of the photometric follow-up.
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The IceCube Upgrade Detector Project

Michael DuVernois?
IUniversity Of Wisconsin, Madison, United States

The IceCube Neutrino Observatory is a gigaton Cherenkov detector in full operation at the South Pole since
early 2011. An enhancement to the observatory is currently under construction with expected deployment
in the Austral Summer of 2022-2023. This in-fill detector will consist of about 700 closely-spaced optical
modaules plus calibration devices and R&D sensor modules. The project goals include neutrino oscillation
physics, improved ice property measurements (and resulting systematic improvements to all IceCube data),
and development of hardware for a next generation (Gen2) IceCube expansion for high-energy astrophysical
neutrinos.
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NIAOT activity around Antarctic Astronomy

Xuefei Gong?
INiaot, NANJING, China

From small optical telescope-CSTAR, NIAOT have made solid progress in Antarctic astronomical instruments,
this talk will give brief introduction about current situation of updated moveable Cstar, third AST3 and
KDUST.
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Space weather events and the possible impact on the temperature and
ozone profiles at the Antarctic peninsula

Viviana Elisa Lopez'?, Adriana Maria Gulisano®*°, Vanina Lanabere?, Sergio Dasso®*®

IServicio Meteoroldgico Nacional, Buenos Aires, Argentina, Universidad de Buenos Aires, Facultad de Ciencias Exactas y
Naturales, Departamento de Cs. de la Atmdsfera y los Océanos, CABA, Argentina, 3Instituto Antdrtico
Argentino/Direccion Nacional del Antdrtico, Buenos Aires, Argentina, “Instituto de Astronomia y Fisica del Espacio (UBA-
CONICET), CABA, Argentina, *Departamento de Fisica, FCEyN, Universidad de Buenos Aires, CABA, Argentina

Disturbances in the terrestrial space environment can be caused by Space Weather events such as
Geomagnetic storms, solar and interplanetary events that can last hours or days. Some episodes of
transport and dissipation of energy in the ionosphere and magnetosphere named magnetospheric
substorms are more frequent than geomagnetic storms but have shorter duration spanning from 10
minutes to a few hours. In this work we addressed the variability of temperature and ozone profiles at the
lower and middle stratosphere at the Antarctic Peninsula during the mentioned space weather events.
We analyzed ozone-radio soundings at the Argentinean Marambio Station provided by the National
Meteorological Service of Argentina and the Meteorological Institute of Finland from at solar cycles 23
(1998-2008) and 24 (2009-2018) taking into account strong and moderate geomagnetic storms and larger
substorms.

We consider the Dst and AE indices that provide respectively a measure of the intensity of the energy
contained in the Ring Current and a quantitative measure of the auroral magnetic activity, useful for the
analysis of individual substorms.

We studied also the changes in the partial pressure of ozone (pp0O3) during these events, for levels 9-13, 14-
19 and 20-26 km, where the greatest variability of ozone occurs (Morozova et al. [ 2016]).

We present our preliminary results that will be useful to better understand the possible impact of Space
Weather events on the Antarctic atmosphere.
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A Cosmic Rays Observatory in the Argentine Marambio station at Antarctica: the first permanent Antarctic
Node of the LAGO collaboration

Adriana Maria Gulisano>?*38 Sergio Dasso?*®, Omar Areso?®, Matias Pereira®®, Noelia Santos*®, Viviana
Lopez®, Maximiliano Ramelli®®, Lucas Rubinstein®®, For the LAGO Collaboration LATIN AMERICAN GIANT
OBSERVATORY see list of members at http://lagoproject.net/collab.htm|®

Iintituto Antdrtico Argentino/Direccién Nacional del Antdrtico, San Martin, Argentina, 2CONICET, Universidad de Buenos
Aires, Instituto de Astronomia y Fisica del Espacio, CABA, Argentina, *Universidad de Buenos Aires, Facultad de Ciencias
Exactas y Naturales, Departamento de Fisica, CABA, Argentina, *Universidad de Buenos Aires, Facultad de Ciencias
Exactas y Naturales, Departamento de Ciencias de la Atmdésfera y de los Océanos, CABA, Argentina, *Servicio
Meteoroldgico Nacional, CABA, Argentina, °for the LAGO COLLABORATION, http://lagoproject.net/collab.html, LAGO

The Antarctic continent has the combined advantage for the installation of astroparticle detectors: (a)
enough infrastructure in Antarctic stations, and (b) low geomagnetic field rigidity cut off, which allows the
arrival of a huge flux of low energy particles, permitting a large amount of information related with physical
processes in space.

LAGO (Latin American Giant Observatory) is a collaboration, forming a net of cosmic rays detectors based on
water Cherenkov radiation. LAGO has nodes spanning from Mexico to Antarctica. Antarctic LAGO nodes
allow to study particle fluxes that in middle latitudes won’t be able to reach ground level since they are
shielded by the geomagnetic field.

In this work, we will present results of the deployment and installation of a Space Weather laboratory,
developed by the LAMP group (Laboratorio Argentino de Meteorologia del esPacio, the Argentinean Space
Weather Laboratory) during January-March 2019 at the Argentine Marambio station.

This Antarctic laboratory has a LAGO node (i.e. a Water Cherenkov

detector) in operations from March 2019. We also present the improved facilities of the laboratory and
improvements of the operations of the detector developed during January-March 2020

The calibration and first results of the cosmic rays detector will also
be presented, as well the operative use of the real time data, which are transmitted to the servers of LAMP
in Buenos Aires, and are publicly offered, and used to operative Space Weather activities by LAMP
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Operative Space Weather products offered by LAMP (Argentinean Space
Weather Laboratory group)

Vanina Lanabere?, Sergio Dasso'*3, Adriana Maria Gulisano®>**, Brenda Dorsch?, Christian Gutiérrez®, Viviana
Elisa Lopez!®, Antonio E. Niemeld-Celeda?l, Noela A. Santos

1UBA FCEyN, Departamento de Ciencias de la Atmdsfera y los Océanos (DCAQ), Buenos Aires, Argentina, 2IAFE/UBA
CONICET, CABA, Argentina, 3UBA FCEyN, Departamento de Fisica (DF), CABA, Argentina, *Instituto Antdrtico Argentino/
DNA, Buenos Aires, Argentina, *Servicio Meteoroldgico Nacional (SMN), Buenos Aires, Argentina

The Argentinean Space Weather Laboratory (LAMP) became a new regional warning center of ISES
(International Space Environment Service) in January 2020. LAMP carries out several operative space
weather (SW) activities since 2016. For instance, they produce daily monitoring of real-time information
(space and ground-based instruments) on SW, a weekly bulletin which synthesizes the most relevant
information, an alert system for extreme SW conditions, and participates in monthly briefings to discuss the
situation of the previous days and generate ideas for new products. New operative SW products were
developed by LAMP to better identify perturbed conditions in the Sun-Earth system. A study with energetic
electron fluxes measured by GOES was carried out to develop a product that shows three different
thresholds associated with low, medium and high perturbed conditions. Also, LAMP worked out a solar wind
product with plasma and magnetic field data from ACE spacecraft. Moreover, real-time data from the water
Cherenkov particle detector at Antarctic (Neurus) is included as a new product. This detector was installed
by LAMP at the Argentine Marambio base during January-March 2019. In this work, we present details of
some of the new operative Space Weather products developed in the LAMP group.
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Understanding the Expansion of Universe with South Pole Telescope

Nikhel Gupta?

IUniversity Of Melbourne, Melbourne, Australia

The South Pole Telescope (SPT) is a 10-meter telescope located at the Amundsen-Scott South Pole station in
Antarctica. The telescope is operating for over a decade and has completed 2,500 $\deg"2$ of SPT-SZ
survey, 500 S\deg”2$ of SPT-pol survey and is currently in its 3rd generation (SPT-3G) to observe 1,500
S\deg”2$ of the sky with unprecedently low noise levels of 3 $\mu KS$-arcmin. In this talk, | will present
some of the major scientific results published in last couple of years. | will focus on the sub-millimeter
wavelength properties of galaxy clusters and the anisotropies in cosmic microwave background (CMB)
radiation. | will present the newly discovered galaxy clusters with this instrument along with a deep learning
approach to estimate their mass. | will show recent cosmological results using galaxy clusters. | will present
the CMB temperature power at high multipoles and recent advances in B-mode science with this
instrument. And finally, | will show the statistical and the polarization properties of Active Galactic Nuclei
(AGN) in clusters and in field.
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Five-year meteorological data from KLAWS for astronomical site testing at
Dome A, Antarctica

Yi Hu?, Zhaohui Shang?, Bin Ma?, Keliang Hu, Michael Ashley?
INational Astronomical Observatories, Cas, Beijing, China, °School of Physics, University of New South Wales, Sydney,
Australia

We present and compare meteorological data of nearly five years from KLAWS (Hu et al. 2014) and KLAWS-
2G (Hu et al. 2019). Both facilities are automated weather stations with multiple temperature sensors and
anemometers at several elevations from 2 m to 14 m. By analyzing the data, we find that a strong
temperature inversion (Tl, temperature gradient could reach up to 7°C/m at 4 m) exists just above the
ground surface for 50% or more of the time at all the elevations. The average wind speed at 4 m is around
4.0 m/s, the wind speed is seldom larger than 10.0 m/s. The strong Tl and moderate wind lead to a stable
atmosphere and a shallow boundary layer, above which we could obtain superb free-atmosphere (FA)
seeing. Comparing monthly median values of temperature, Tl and wind speed in different years, we find the
climate at Dome A exhibits obvious annual variation. Finally, by correlating simultaneous data of 1.5
months from KLAWS-2G and KL-DIMM in 2019, we find that the FA seeing prefers to existence of strong TI.
Therefore, the data from KLAWS are important for understanding atmospheric turbulence and can possibly
be used to estimate the seeing at Dome A.
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Simultaneous observation of ionospheric plasma drift and thermospheric
winds at Jang Bogo station, Antarctica

Geonhwa Jee™?, Young-Bae Ham'?, Changsup Lee?, Hyuck-Jin Kwon®, Jeong-Han Kim?, Qian Wu3, Nickolay
Zabotin?, Terence Bullett?, Justin Mabie*

IKorea Polar Research Institute, Incheon, South Korea, 2University of Science and Technology, Daejeon, South Korea,
3SHAO/NCAR, Boulder, United States America, “University of Colorado, Boulder, United States America, °Kyung Hee
University, Yongin, South Korea

In the high-latitude ionosphere, the plasma motion is mainly driven by the magnetospheric forcing and it is
intimately coupled to the neutral motion via ion-neutral collisions. In other words, the neutral winds in the
high-latitude region are controlled by the magnetospheric forcing, rather than solar EUV forcing. However,
in spite of this well-known close coupling between ion and neutral motions in the polar region, specific
details of the coupling processes are not well understood mainly due to the lack of observations of the ion
drift and neutral winds. Since the establishment of Jang Bogo Station in Antarctica, Korea Polar Research
Institute (KOPRI) has been operating Vertical Incidence Pulsed lonospheric Radar (VIPIR) and Fabry-Perot
interferometer (FPI) to simultaneously observe the ionosphere and thermosphere near the boundary
between the auroral and polar cap regions. In this study, we used 3-year (2017-2019) measurements of the
ion drifts and thermospheric winds from these instruments in order to investigate how closely they are
coupled to each other under various geophysical conditions. The initial results of the study indicate that the
background ionospheric density is one of the key parameters controlling the coupling processes. We will
further use the TIEGCM simulation to verify the results of the analysis of the data.
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Polar thermospheric wind measurements at polar cap and aurora oval
regions

Changsup Lee?, Geonhwa Jee?, Jeong-Han Kim?, Ji Eun Kim?, Qian Wu?
IKorea Polar Research Institute, Incheon, South Korea, High Altitude Observatory, Boulder, USA

We present thermospheric winds from the ground-based Fabry-Perot Interferometer (FPI) at 630.0 nm
airglow emission over two Arctic regions. Neutral dynamics at polar thermosphere are driven not only by a
solar-induced pressure gradient force but also by ion drag effects from magnetosphere-ionosphere
coupling. Korea Polar Research Institute has been operating two FPIs in Longyearbyen, Svalbard and
Esrange, Sweden to uniquely study how polar thermospheric winds respond to different geomagnetic
conditions with respect to different latitudes. In this study, we briefly introduce our preliminary results of
neutral wind derived from FPI 630.0 nm emissions over two arctic regions.
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Measuring the turbulence profile at Dome A with AST3

Bin Ma%?, Paul Hickson?!, Zhaohui Shang?, Lifan Wang?, Michael Ashley*
IUniversity of British Columbia, Vancouver, Canada, ?National Astronomical Observatories, CAS, Beijing, China, 3Purple
Mountain Observatory, Nanjing, China, *University of New South Wales, Sydney, Australia

Dome A is characterized by a very thin boundary layer, the thickness of which is critical to determine the
minimum height of future telescopes. We have developed a novel method, the Multistar Turbulence
Monitor (MTM), to measure the low-altitude turbulence profile, Cn2, using the Antarctic Survey Telescope
(AST3). As is well known, the stellar image motion seen in very short exposures reflects turbulence intensity.
AST3 can capture dozens of bright stars, even with 10-ms exposures, due to its 4.3-deg?2 field-of-view and
0.5-m diameter. The differential motions between star pairs, which are not affected by telescope vibration,
are sensitive to certain height ranges of turbulence as a function of the separations between stars. By
combining the differential motions between star pairs over a range of separations, we can estimate the low-
altitude Cn2 profile, the high-altitude seeing and the outer scale. Here we will report the preliminary results
from observations by AST3 in 2017. In optimized fields, there were typically ~50 stars having separations
ranging from 0.05 to 2.3 deg, giving a sensitivity to turbulence within ~500 m above the telescope. We will
introduce the data reduction technique, Cn2 profile reconstruction method and the main results.
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A Decade of Discovery: Results from the IceCube Neutrino Observatory

James Madsen?
IUniversity of Wisconsin—Madison, Madison, United States

The IceCube Neutrino Observatory at the South Pole, now in its tenth year of full operation, has a
remarkably wide and expanding science reach. In addition to discovering the first high-energy astrophysical
neutrinos and measuring their spectrum, IceCube has delivered on one of its primary goals, establishing the
field of neutrino astronomy with real-time alerts. An overview of highlights from the last decade, including
identifying the first point source of high-energy neutrinos (blazar TXS 0506+056), competitive neutrino
oscillation measurements, and world-leading constraints on sterile neutrinos, dark matter, Lorentz
invariance, magnetic monopoles, and physics beyond the Standard Model will be provided. The plans for
next generation of the observatory, IceCube-Gen2, will be presented.
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Development of an Optical Robotic Observatory at the Argentine Antartic
Base Belgrano Il

Mario Melita!
IConicet, CABA, Argentina

Melita M.D. 1,2,3, Gulisano, A. 1,4, Ochoa, H. 4, Martin-Abad, F.T. 5, Millanovich, A. 5, Miloni O. 2,3.

1. Instituto de Astronom\ia y Fisica del Espacio
(CONICET-UBA). CABA. Argentina.

2. Facultad de Ciencias Astronomicas y Geofisicas. UNLP.
Argentina.

3. Universidad Nacional de Hurlingham. Argentina

4. Instituo Antartico Argentino.

5. Departamento de Mecanica. Facultad de Ingenieria.
UBA. Argentina.

We have designed and constructed an infrastructure made of

poliestyrene fiber to house a telescope with a tube of up to 1.6m of length, as for example a 50cm /3
Cassegrain. The infrastructure consists of a 2.5m diameter rotating dome, with an upper door shutter of
kite-type opening, mounted on a cylindrical building 1.6m high. The building sits on a 1.5m high galvanized
iron platform. Naturally the telescope pillar and infrastructure are decoupled mechanically.

All the designs are original, including for example the coupling

between the dome and the building, its anti-tilt system, the

motorization of the shutter, etc. Efforts due to wind gusts of up to 300 km/h at a temperature of around -
200C were simulated numerically, checking that the design is resistant to those conditions. We estimated an
anchoring force of approximatelly 1.5Tn. All the materials used are stable at low temperatures of up to at
least -400C. This infrastructure is planned to be installed in the area of Belgrano Il Base (Latitude 77:32:28 S,
Longitude 34:37:37W) by the southern's hemisphere summer of 2020-2021. The galvanized iron platform
has already been installed by the base in the past southern hemisphere's summer.
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Historical supernova signatures in an Antarctic ice core

Yuko Motizukit
IRIKEN Nishina Center, Wako, Japan

Gamma rays associated with nearby supernova explosions can cause changes in the chemical composition
of the stratosphere from ~8 — 50 km altitude of the earth. The effect can then be recorded in the chemical
composition of polar ice. Ice cores drilled at Dome Fuji station in Antarctica preserve mainly chemical
components of the stratosphere, and hence worth studying traces of historical supernovae.

In this talk, | will focus on yearly-scale spikes that were observed in nitrate ion concentration profiles in a
Dome Fuji ice core. We diagnose the yearly-scale spikes with respect to precision, reproducibility, and
dating uncertainty, and discuss whether or not the spikes can be the traces of historical supernova
explosions in our galaxy. Special attention will be given to SN1006 and SN1054. The energetics of the
production of nitrogen oxides in the stratosphere induced by nuclear gamma rays from a galactic supernova
will also be discussed. Since nitrate spikes are almost coincident with the dates of the known galactic
supernovae within dating uncertainty, we propose that the yearly-scale nitrate spikes embedded in the
Dome Fuiji ice core be regarded as candidate signatures of supernovae that have occurred in our galaxy.
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Advances on the Development of a Peruvian Space Wheather Station

Luis Otiniano?, Cynthia Bello?, Juan Vega?, Jorge Samanes!
1Comisién Nacional de Investigacidn y Desarrollo Aeroespacial - CONIDA, Lima, Peru, ?Ministeio de Relaciones Exteriores
del Peru, Lima, Peru

As part of iour space weather program we are developing instrumentation aimed at studying the near-Earth
space environment from the ground. Space weather studies in Antarcti are favoured because the direct
coupling of the ionosphere the Earth's magnetosphere. We are testing the instruments during the last three
Peruvian summer campaigns in Antarctica (ANTAR XXV, XXVI and XXVII). One of the instruments is a water
Cherenkov detector of the Latin American Giant Observatory (LAGO, www.lagoproject.net) the other one is
a vertical very low frequency (VLF) receiver.Here we present results of the validation of both instruments
and the perspectives for their permanent operation in the Antarctic.
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Features of GNSS signal outages from nearly conjugate polar locations

Ashik Paul®, Dibyendu Sur?
IUniversity Of Calcutta, Calcutta, India

GNSS signals are increasingly being used for characterizing detrimental impact of ionospheric irregularities
on satellite-based communication and navigation systems and services, and the resulting signal outages.
The polar regions of the Earth are some of the most challenged in terms of maintaining high levels of
performance of GNSS from the operational point of view with mitigation strategies for cycle slips and loss-
of-lock of the satellite signal by the receiver.

In the high latitudes, highly dynamic ionospheric irregularity structures encompassing scale sizes from
hundreds of kilometers down to a few centimeters co-exist with varying convective motion determined by
interplanetary magnetic field (IMF). The dynamics of these irregularity structures have a seasonal
dependence being more convective in the winter hemisphere. In the present paper, data have been
analyzed from the two stations, namely, Eureka Bay (87.65°N,91.57°W geomagnetic) and Concordia
(83.90°S,138.72°W geomagnetic), located in the Arctic and Antarctic regions corresponding to four
geomagnetic storms which occurred over the period 2012-13, within the framework of a GNSS project at
the International Space Science Institute (ISSI).

It is found that the observed cycle slips are more or less correlated with intensity of Auroral Electrojet. The
number of cycle slips observed at Concordia near the South pole are more than that observed from Eureka
Bay located close to the North pole. The differences have increased in March 2012 and March 2013. This
difference may possibly be attributed to more particle injection at South pole than the North pole.
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The SWIT-eSWua system: a cutting-edge infrastructure to access
ionospheric data in polar areas.

Emanuele Pica’, Carlo Marcocci?, Vincenzo Romano®?, Luca Spogli, Ingrid Hunstad*
Istituto Nazionale di Geofisica e Vulcanologia (INGV), Rome, Italy, °SpacEarth Technology Srl, Rome, Italy

The polar regions are a privileged natural laboratory for the investigation of the ionosphere. Regular
observations can provide timely information for the monitoring, forecasting and mitigation of the effects on
modern technologies (such as telecommunication systems, power networks and in general systems relying
on satellite navigation) during Space Weather events.

The Upper Atmosphere Physics and Radiopropagation group at the Istituto Nazionale di Geofisica e
Vulcanologia (INGV, Italy) has a long tradition in managing ionospheric data and currently operates, among
others, GNSS receivers for scintillation and TEC monitoring in Antarctica (Mario Zucchelli, Concordia and
SANAE IV stations) and in Svalbard (Ny-Alesund and Longyearbyen). The activities at polar latitudes are also
included in the SCAR expert group GRAPE (GNSS Research and Application for Polar Environment,
www.grape.scar.org).

Inspired by Open Science principles, the SWIT (Space Weather Information Technology) infrastructure
coupled with the eSWua (electronic Space Weather upper atmosphere) web-platform provide Findable,
Accessible, Interoperable, Re-usable (FAIR) ionospheric data from the INGV network in near real-time. In
addition, the SWIT-eSWua system ensures the access to operational monitoring products related to the
nowcasting and forecasting of different ionospheric parameters. This, with the aim to serve the scientific
community as well as the Institutional stakeholders (like civil protection, civil aviation, etc.).

In this work the state of the art of the SWIT-eSWua system is described focusing on Arctic and Antarctica,
together with examples of the products developed in the framework of national and international
initiatives.
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lonospheric response to annular and partial solar eclipse of 29 April 2014
in Antarctica and Australian Regions

Pramod Kumar?
INational Institute of Technical Teachers’ Training and Research, Bhopal — 462002, MP, India, 466/9A Saket Nagar,
India

Solar eclipse is one of the important solar terrestrial events which have a direct impact on Earth’s
ionosphere. A solar eclipse provides us with a rare opportunity to study the ionospheric effects associated
with an accurately estimated variation of solar radiation during the eclipse period. An annular and partial
solar eclipse was observed on 29 April 2014 over Australian and Antarctic regions. In this study we have
analyzed the ionospheric response of this solar eclipse event. We have done a comprehensive study to find
out the changes that occurred in various ionospheric parameters during the solar eclipse event over
Australia and Antarctic region. We selected four Australian stations Brisbane (27.5-S, 152.9<E), Canberra
(35.30S, 149.1¢E), Hobart (42.9¢S, 147.3<E) and Perth (31.955-S, 115.859<E) as well as one Antarctic station
Mawson (70.645505, 131.2573°E). We have studied the changes in the E and F ionospheric layers using the
ground based observations at these stations. From our analysis we found that there occurred a decrease in
the critical frequencies of sporadic E (foEs) and F (foF2) layers during the time eclipse was in progress at
all the four Australian stations while as at Antarctic the value of foF2 recorded an enhancement. At the
same time an increase in the corresponding heights of these layers (h 'E's, h 'F2) was also observed.
KEYWORDS: Annular solar eclipse; ionospheric parameters; sporadic E; critical frequency.
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Astronomical Seeing at Dome A in 2019

Zhaohui Shang
INational Astronomical Observatories, Cas, Beijing, China

Following the installation of several unattended site testing instruments at Kunlun Station, Dome A in early
2019, we were able to operate KL-DIMM successfully to directly measure astronomical seeing through the
winter for the first time. KL-DIMM is installed on a tower at a height of just 8 meters. Very good free-
atmosphere seeing was detected above a thin boundary layer, comparable to that at a 20 m height at Dome
C. We also find that the seeing and boundary layer thickness are correlated with local temperature
inversion which is monitored by KLAWS, a multi-layer automatic weather station. These results further
support Dome A to be a good site for optical/infrared astronomy.
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A Path for Infrared Astronomy at Dome C

Tony Travouillon®
IThe Australian National University, Weston Creek, Australia

The Antartic conditions are ideal for astronomical observations in the infrared. The Domes in particular offer
combination of cloud cover, seeing and sky brightness that still remain under-exploited. We propose a path
forward for the development of infrared observations at Dome C. A first phase consisting of equipping the
existing telescopes with infrared cameras will allow for deep observations of the infrared sky and
establishing the infrastructure and experience to make such observations routine on the ice. As a second
phase, we propose to establish a state of the art IR survey telescope with aperture of 1m that will focus on
the seach of gravitational wave event follow-up.
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The unique polar perspective for Space Situational Awareness

Kate Ferguson?, Prof Phil Bland?, Dr Francis Bennet?, Dr Tony Travouillon?, Dr Gregory Madsen?, Dr James
Webb?

IAustralian National University, Canberra, Australia, 2Curtin University, Perth, Australia, 3Lockheed Martin Australia,
Canberra, Australia

Artificial satellites encircle the Earth in elliptical trajectories that give rise to unique virtual ground tracks
across the surface of the planet depending upon the characteristics of their orbit. Given the distribution of
orbital inclination angles for objects in the public catalogues, the number of satellites that are visible each
day strongly depend upon the observers location. The polar regions offer a factor of 2 improvement in
observable satellite numbers over mid-latitude locations. This makes Antarctica a prime location for the
observation of artificial satellites.

An important part of Space Situational Awareness is the determination or refinement of orbital parameters
to improve our understanding of where objects are in space. In order to maintain a comprehensive and
actionable catalogue, a very large number of objects must be routinely observed as they transit across the
sky. Due to the improved object visibility at the poles, Antarctica offers a unique vantage point from which
to maintain a global catalogue of man-made objects in space.

In this talk we detail the potential and parameters influencing the performance of SSA observatories in
Antarctica. We describe the implications of finite data bandwidths and how these may be overcome by new
communications opportunities such as satellite optical links. We also introduce SSA technologies in
development with Curtin University and Lockheed Martin Australia which currently address
communications and automated operation issues and are well suited to Antarctic deployment.
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Immersive Rendering and Sonification of Large Scale Antarctic Astronomy
Data in Virtual Reality: The Making of INSTRUMENT | One Antarctic Night

Ruth West?, Eitan Mendelowitz?, Zach Thomas?, Christopher Poovey?, Luke Hillard?, Lifan Wang?, Roger

Malina*
IUniversity of North Texas, Denton, United States, ?Mount Holyoke College, South Hadley, United States, 3Texas A&M,
College Station, United States, “University of Texas, Dallas, Dallas, United States

INSTRUMENT | One Antarctic Night is (IOAN) is a multi-player virtual reality (VR) art + science installation
created from data captured by the Antarctic Survey Telescope (AST3) on Dome A of 817,313 astronomical
objects at the center of the Large Magellanic Cloud.

Watch 3 minute video: https://vimeo.com/352807613. Website: http://oneantarcticnight.com/

Immersed in a VR arena, three participants sonify data from the 817,313 individually manipulable
astronomical objects as a musical instrument to create a never ending sound scape. Real-time database
queries, selections, and filtering operations in VR enable immersed participants to collaboratively interact
with the objects to remix and sonify the astronomical data. All of the graphics and sound are procedurally
rendered in real time from the data. GAIA DR2 and SIMBAD data are cross referenced with AST3 data, in
addition to analysis of AST3 time-series data with algorithms from Vartools, Astropy and some machine
learning. For IOAN we created the VR Arena as a new kind of social multiplayer immersive experience.
Spatially distributed 4K physical portals combine with multichannel spatialized ambisonic audio and multiple
VR interactive systems each with individual user spatialized audio. Immersed participants perform
astronomical data as a sonic composition for spectators to the VR Arena that see and hear the virtual world
in correct spatial relation to their real world position in the exhibition space. Player point-of-view is shown
on additional dedicated displays inside the arena. IOAN explores the beauty and the rhythms of the cosmos
observed from Dome A during AST3’s first Antarctic night of service.
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Sporadic E layers during the Weddell Sea Anomaly under the different
levels of solar activity as deduced from observations at the Akademik
Vernadsky station

Andriy Zalizovski*3, lwona Stanislawska?, Volodymyr Lisachenko?, Yuri Yampolski?
institute of Radio Astronomy, National Academy of Sciences of Ukraine, Kharkiv, Ukraine, Space Research Centre of
Polish Academy of Sciences, Warsaw, Poland, 3National Antarctic Scientific Center, Kyiv, Ukraine

Sporadic E layers (Es) are the plasma structures characterized by increased electron concentration or
intensive plasma irregularities located at the heights of E region. The occurrence, disappearance and
variability of Es are irregular. But Es heights demonstrate good repeatability from day to day and possibly
show the location of wind shear in the lower thermosphere. Since Es depend on winds, it looks interesting
to analyze their behavior in the region of Weddell Sea anomaly (WSA) that is appeared as a result of strong
impact of thermospheric winds on the main ionospheric plasma characteristics. We are analyzing the Es
data accumulated during 22 years at the Ukrainian Antarctic station Akademik Vernadsky located in the
heart of WSA. It was found that the heights of Es at the nighttime are bigger under the high solar activity
and lower at the low one. At the daytime the situation is opposite, Es heights are bigger under the quiet Sun
conditions. The explanation of those dynamics could be the next. The horizontal gradients of the
temperature, pressure and as a result the wind speed in lower thermosphere should increase with growth
of solar UV flux and decrease in opposite case. That should lead to decreasing the height of wind shear at
the daytime when polar-ward thermospheric winds are prevailed, and to upwelling the wind shear near
midnight with equator-ward thermospheric winds. The morphology and causes of this phenomenon will be
discussed in detail.
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HF diagnostics of natural and artificially stimulated ionospheric
irregularities at the Akademik Vernadsky station (Review)

Andriy Zalizovski¥*3, Yuri Yampolskil, Gennady Milikh* Evgeny Mishin®, Alexander Koloskov'?, Sergei
Kashcheyev?, Bogdan Gavrylyuk®?, Artem Reznychenko®

Institute of Radio Astronomy, NAS of Ukraine, Kharkiv, Ukraine, °’Space Research Centre of Polish Academy of Sciences,
Warsaw, Poland, 3National Antarctic Scientific Center, Kyiv, Ukraine, *Department of Astronomy, University of Maryland,
College Park, United States, °Space Vehicles Directorate, Air Force Research Laboratory, Albuquerque, United States,
®National Technical University “KPI”, Kharkiv, Ukraine

We report on the results of global diagnostics of ionospheric irregularities using coherent monitoring of HF
signals. Radio signals were radiated by high-power HF heating facilities such as HAARP (Gakona, Alaska,
USA), EISCAT (Tromsg, Norway), and Arecibo (Puerto Rico, USA) as well as by transmitters of time service in
Europe (RWM, Russia) and Northern America (CHU, Canada) propagated on super long radio lines and
detected at the Ukrainian Antarctic station Akademik Vernadsky (UAS). Simultaneous transmissions of time
and frequency service are used as probe signals due to continuous highly stable operation. They have been
recorded round-the-clock at the UAS since 2010. Analyses of the RWM signals allowed us to reveal four
different pathways: the direct and reverse paths along the great circles and two trajectories formed by
focusing along the solar terminator and scattering on the ionospheric irregularities of auroral ovals. The
registration of the fourth spatial mode allows us to track the position of the oval and detect the drift
velocity of plasma inhomogeneities. The second part of this paper is devoted to study of long-distance
propagation of HF signals emitted by powerful heating facilities. Artificially excited irregularities scatter
transmitted signals into the ionospheric waveguide formed between the E and F ionospheric layers.
Trapping and channeling of waves provide super long-range propagation from the northern to the southern
hemisphere. As a result, transmitted signals are consistently recorded at the UAS.
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Southern Ocean and Antarctic cloud, precipitation and aerosol
observations made from ship- and land-based platforms

Simon Alexander*
IAustralian Antarctic Division, Kingston, Australia

The large warm bias in sea surface temperatures over the summertime Southern Ocean present in
numerous climate models is likely due to an incorrect representation of cloud, precipitation and aerosol
processes within these models. Specifically, a higher super-cooled liquid water cloud fraction and low levels
of anthropogenic aerosols make this region unique on earth. Recent major field campaigns involving
aircraft, ships and island have provided key data to allow the community to quantify microphysical
properties and characterise the thermodynamic environment in which Southern Ocean clouds exist. We
present some highlights of observations made during these campaigns , including ship-based observations
of multi-layered super-cooled liquid clouds, supercooled drizzle, ice seeding, vertical profiles of remote
marine coarse-mode aerosols and precipitation events over sea ice.
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Activity Concentrations and Sources of 210Pb and 7Be in the Antarctic
Peninsula

Eija Asmi!, Jussi Paatero?, Ricardo Sanchez?
IFinnish Meteorological Institute, Helsinki, Finland, ?Servicio Meteorolégico Nacional, Buenos Aires, Argentina

The current knowledge of the natural radioactivity in the Antarctica is very limited. The radioactive isotope
lead-210 is formed in the atmosphere from radon-222 noble gas, which is nearly solely produced over the
land surfaces. For this reason, 210-Pb concentration in aerosol provides a good tracer for a recent
continental contact of the air mass. Atmospheric beryllium-7 isotope is formed via the cosmic radiation
interactions and deposited with the aerosols and provides also a method to monitor large-scale air mass
dynamics.

The activity concentrations of 210Pb and 7Be were determined from the aerosol samples collected in the
Antarctic Peninsula, Argentine station Marambio during years 2005-2013 (210Pb) and 2007-2009 (7Be).
High-volume (120m3 h-1) aerosol particle samples were collected onto glass-fiber filters (Munktell MGA)
and a new filter was exchanged every 2-5 days. The 7Be concentration was determined using
semiconductor gamma spectrometry and the lead-210 concentration using the alpha counting of the in-
grown daughter nuclide polonium-210 with an automatic alpha/beta analyzer.

The intra- and interannual changes of those radioactive isotope concentrations were determined. Their
dependence on the local wind direction was analysed and the source regions determined with a back-
trajectory analysis.

In general, very low radioactive concentrations were measured but an occasional continental influence in
the air mass was observed.
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Horizontal and vertical propagation of small scale gravity waves observed
in 2017 at Ferraz Antarctic Station

José Valentin Bageston®, Gabriel Augusto Giongo?, Cosme Figueiredo?, Cristiano Max Wrasse®, Hosik Kam*®,
Yong Ha Kim®

ISouthern Regional Space Research Center, National Institute for Space Research (CRCRS/INPE), Santa Maria, Brazil,
2Federal University of Santa Maria (UFSM), Santa Maria, Brazil, >Aeronomy Division, National Institute for Space
Research (DIDAE/INPE), Séo José dos Campos, Brazil, *Korea Polar Research Institute (KOPRI), Incheon, Republic of Korea,
>Chungnam National University (CNU), Daejeon, Republic of Korea

Gravity waves observed at Comandante Antarctic Ferraz Station have been analyzed by using blocking
diagrams to estimate the vertical blocking region for the small scale gravity waves observed in 2017. The
wave blocking diagrams are constructed by using vertical neutral winds profiles from the troposphere to the
mesosphere. The physical parameters of the observed waves were obtained by applying a two-dimensional
Fast Fourier Transform (2D-FFT) in a given set of images where a wave event is clearly identified. The
investigation of the horizontal and vertical (upward) wave's propagation was conducted by using results
from images analyses, vertical wavenumber and blocking diagrams, which are a superposition of the
horizontal wind components from the lower troposphere up to the mesosphere. The wind utilized for each
night for the blocking diagrams is an averaged wind obtained with all the nocturnal wind profiles. The final
average is obtained with the nights where there were observed waves, centered on the new moon, and
such averages correspond to the observed month. The winds database was obtained from MERRA
reanalysis and from the King Sejong Station (KSS) meteor radar. In this work, it will be presented the wave
characteristics, the blocking diagrams, and the vertical propagation conditions near the mesopause. The
blocking diagrams well represent the wave filtering, showing the preferential propagation direction of the
waves in the mesosphere, i.e., the waves that reach the mesosphere propagates in a different horizontal
direction from the average wind in all altitudes levels or are faster than the mean wind.
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Shape, Size, and Qualitative Elemental Compositions of Nano- and Micro-
particles Found Within the Ancient Ice of Taylor Glacier, Antarctica,
Measured Using Transmission Electron Microscopy and Energy Dispersive
Spectroscopy

Cole Bradley?, Paolo Gabriellit, John Olesik?, Hendrik Colijn?, Aja Ellis®
1The Ohio State University, Columbus, United States

Aeolian dust affects Earth’s climate directly through the reflection, scattering and absorption of incoming
solar radiation and indirectly by acting as condensation nuclei in cloud formation. Iron-containing
nanoparticles may also be an important source of iron into the oceans for micronutrient limited
phytoplankton which could lead to CO2 drawdown and cycling. In aeolian dust, particles larger than 450 nm
account for most of the total mass while nanoparticles smaller than 200 nm are likely greater in number.
Nearly all studies of particles entrapped in Antarctic ice have used dissolved, bulk elemental analyses that
include particles smaller than 200 nm. Alternatively, Coulter counter particle analyzers are also used to
determine particle size distributions for particles larger than 500 nm. We have analyzed individual particles
in ice cores from Antarctica’s Taylor Glacier, which spans 46.7 ky to 8.7 ky BP, covering Earth’s most recent
glacial, glacial-interglacial transition, and interglacial period into the Holocene. Transmission Electron
Microscopy (TEM) and TEM-Energy Dispersive Spectroscopy (EDS) were used to determine the shape, size,
and qualitative elemental composition of many individual nanoparticles. Together, this preliminary
characterization could provide insight into changes in Antarctic dust composition, transportation,
deposition, and provenance over a glacial-interglacial time scale.



1320

Polar WRF simulations of Antarctic cloud microphysics at McMurdo
Station

Keith Hines', David Bromwich?, Lesheng Bai', Sheng-Hung Wang*
10hio State University/Byrd Polar & Climate Research Center, Columbus, United States

The physics of Antarctic clouds remains poorly understood, and the DOE-NSF AWARE year-long
measurement campaign at McMurdo Station, Antarctica was designed to redress this problem. Supercooled
liquid water is frequently present at McMurdo, even at temperatures well below -15°C. Yet, numerical
models tend to aggressively produce ice condensate at these temperatures. The pristine atmosphere must
play some role in the characteristics of Antarctic clouds. Sensitivity experiments with the Morrison two-
moment microphysics and other microphysics schemes examine the role of aerosols in simulated Antarctic
cloud formation. Furthermore, the complex topography near Ross Island modulates the mesoscale
circulations that induce observed cloud structures. Nudging of simulations to the observed radiosondes at
McMurdo and regional automatic weather station observations appears to be important to obtain the lower
tropospheric conditions observed at McMurdo so that the performance of microphysics parameterizations
can be evaluated rather than the simulations being dominated by circulation errors.
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A low cost holographic microscope for cloud and precipitation
microphysics studies

Thomas Chambers?, Murray Hamilton?, lain Reid*
IUniversity Of Adelaide, Adelaide, Australia

Clouds and precipitation play a crucial role in the thermodynamic and hydrological systems of the planet. A
key challenge in modelling such processes lies in the parameterisation of particle sizes, shapes and spatial
distributions at microscopic scales. This talk will present a low cost instrument for measuring such
properties that exploits the technique of digital holography to obtain 3D particle images and allows for
automated retrieval of relevant morphological parameters.

Preliminary results from a 2018 field campaign in the Australian Snowy Mountains will be presented along
with measurements from Davis Station, Antarctica during 2018-2019. The instrument was deployed in both
cases alongside a range of other meteorological instruments allowing calibration and validation of such
techniques and potentially providing a means to help in distinguishing pristine particles from wind blown
snow based on morphological features.
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Metal atoms and ion layers observed with a frequency-tunable resonance
scattering lidar at Syowa

Mitsumu Ejiri K.%2, Takanori Nishiyama®?, Takuo Tsuda T.3, Takuji Nakamura'?, Makoto Abo*, Katsuhiko
Tsuno®, Takuya Kawahara D.%, Takayo Ogawa®, Satoshi Wada®

1The National Institute Of Polar Research, Tachikawa, Japan, °Department of Polar Science, The Graduate University for
Advanced Studies, SOKENDAI, Tachikawa, Japan, 3The University of Electro-Communications, Chofu, Japan, *Tokyo
Metropolitan University, Hino, Japan, *RIKEN, RAP, Wako, Japan, ®Shinshu University Faculty of Engineering, , Japan

The National Institute of Polar Research (NIPR) is leading a prioritized project of the Antarctic research
observations. One of sub-project is entitled the whole atmosphere system revealed by precise profiling over
the Antarctic. Profiling dynamical parameters such as temperature and wind, as well as minor constituents
is the key component of observations in this project, together with a long term observations using existent
various instruments at Syowa, Antarctic (69°S, 40°E). As a part of the sub-project, a resonance scattering
lidar system with frequency-tunable alexandrite laser was developed and installed at Syowa Station by the
58th Japan Antarctic Research Expedition (JARE 58). Density profiles of minor constituents such as
potassium (K), iron (Fe), and calcium ion (Ca+) in the mesosphere and lower-thermosphere (MLT) region
were successfully observed in 2017 and 2018. The K and Fe layers were observed 37 and 55 nights in total,
respectively, from February to October except April. The Ca+ layer was observed 8 nights in September and
October. The MLT temperature was measured by K or Fe lidar measurements. In this presentation, we will
show seasonal variations of K and Fe layers and characteristics of Ca+ layer at the high latitude as
preliminary results of the frequency-tunable resonance scattering lidar observations at Syowa.
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CRIOSFERA 1 Remote Lab: An automatic and multidisciplinary platform for
near-real time atmospheric monitoring at West Antarctica

Heitor Evangelista®l, Mr Heber Passos?, Marcelo Sampaio?, Franco Nadal®, André Massafferri®, Sérgio
Gongalves?, Jefferson Simdes®, Francisco Aquino®
1Uerj, Rio De Janeiro, Brazil, 2INPE, , Brazil, 3INMET, , Brazil, *CBPF, , Brazil, >*CPC/UFRGS, , Brazil

CRIOSFERA 1 is the first Brazilian remote atmospheric research laboratory located at West Antarctica
(84000'S, 079029'39""W - 667 km from the South Pole). It is endowed with wind and solar systems that
allow it to run continuously during summer and winter and transmit data by satellite. Main ongoing
research lines comprises: (1) meteorology and snow accumulation monitoring; (2) aerosol composition and
black carbon science; (3) physics of high energy; and (4) aerobiology and polar microbiology. At that site we
conducted fresh snow d180(d2H) and air temperature calibration curves for climate reconstruction and
have implemented several aerosol sampling methods. Aerosols sampled are submitted to EPMA and multi-
element synchrotron-based scanning transmission X-ray microscopy (STXM/NEXAFS). These techniques
allowed investigating in details the formation process of the aerosols, their size distribution and how they
are formed in terms of composition and molecular structure. Bio-aerosols such as polen grains, spores,
palynomorphs, algal fragments and bacteria were detected in Criosfera 1. The laboratory also hosted
experiments on snow and ice microbiology trying to help understand how microorganism are transported to
West Antarctica and how they persist in the oligotrophic and freezing snow’s environment. Criosfera 1
monitors cosmic rays (muons flux) - CRE@AT (Cosmic Ray Experiment in Antarctica) Project - using plastic
scintillators coupled to multianodic photomultipliers. For summer 2020 campaign we intend to start the
continuous monitoring of 03, UV-(a/b/c) and bioaerosols. Criosfera 1 is a platform open to international
cooperation and exchange of polar experience. Join us (https://www.criosferal.com)!
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A multi-instrument observational study of the impact of sky condition on
atmospheric boundary layer structure and surface radiation over Dome C,
Antarctica

Manisha Ganeshan?, Yuekui Yang?
1USRA, Greenbelt, United States, °NASA Goddard Space Flight Center, Greenbelt, USA

A multi-instrument observational study of the impact of sky condition on atmospheric boundary layer
structure and surface radiation over Dome C, Antarctica

Antarctica’s pristine environment makes the continent an ideal testbed for studying cryosphere-atmosphere
interactions and their variability, and may greatly benefit from combining long-term remote sensing and in-
situ measurements. Here, we carry out a multi-year investigative study of the impact of sky condition
(clouds, blowing snow) on the atmospheric boundary layer structure and downwelling longwave surface
radiation, using ground-based and space-borne observations at Dome C during a 2-yr time period (from May
2009 to April 2011). High vertical resolution profiles of temperature, moisture, and winds obtained from
daily upper-air soundings at Dome C, are used to investigate the variability of the atmospheric boundary
layer structure. Information regarding sky condition (blowing snow, cloudy, clear) is obtained from quasi-
synchronous and contiguous Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observation (CALIPSO)
tracks using the Lidar Level 2 Blowing Snow product and Combined CloudSat and CALIPSO (2B-GEOPROF-
LIDAR) cloud fraction. High temporal resolution measurements of in-situ surface meteorological variables
(temperature, pressure, relative humidity, and winds) and downward longwave radiation are used to
estimate the individual and net impact of meteorology, clouds, and blowing snow on the atmospheric
boundary layer structure and surface radiation budget. Results based on this multi-instrument study are
summarized, highlighting the need for continuous earth observations to monitor and improve our
understanding and predictive capability of cryosphere-atmosphere coupled processes.
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Atmospheric Dust and Aeolian Iron: New Lessons Learned from the US
Palmer Station, Antarctica

Yuan Gao?, Songyun Fan', Shun Yu?, James Anderson?
IRutgers University, Newark, United States, ?Arizona State University, Tempe, United States

During the period from November 2015 to January 2017, atmospheric field measurements were carried out
at the US Palmer Station located on the Antarctica Peninsula. The primary goal of this research was to
guantify the properties of atmospheric dust and aeolian iron under climate warming conditions in the
Antarctic Peninsula. To undertake air sampling, a new platform was erected on a rocky hill between the
research station and glaciers, and a series of atmospheric instruments were installed on this platform to
collect atmospheric aerosols and deposition samples. In this presentation, we will share and discuss our
new results, including (1) particle-size distributions of dust and aerosol iron from size-segregated aerosol
samples, (2) seasonal variability of atmospheric dust and Fe along with selected organic and inorganic
substances based on bulk aerosol samples, (3) atmospheric deposition fluxes of nutrients derived from field
measurements and implications for the Southern Ocean biogeochemical cycles, and (4) the potential impact
of local and regional dust sources in Antarctica on the composition of the marine atmosphere over the
Antarctic Peninsula.
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The Antarctic environment has been used as a field laboratory for the search of life on Mars. Its dryness,
lakes salinities, and the extreme environmental conditions are home to extremely tolerant organisms. The
discovery of perchlorate on Mars by the Phoenix Mars Lander addressed the issue of existing liquid water as
salty concentrated brines. Perchlorate salts have supercooling properties and high stability. For Antarctica,
reports of high perchlorate concentrations were restricted to the DryValleys. Here we present a new insight
of higher perchlorate concentrations in West Antarctica/Ellsworth Mountains (1.02 + 0. 25 mg kg-1 and
25.92 + 5.58 mg kg-1), suggesting a broad spatial distribution and accumulation of perchlorate over
Antarctica. Our aerosol measurements, combined with ice core data, support that an active origin for
perchlorate may exist in the Antarctic troposphere due to the action of UV-radiation and the snowpack
geochemistry interacting with sea salt. Using a microscopic/molecular speciation of individual aerosols by X-
ray chemical imaging, it revealed a unique signal of CIxOy-type-molecules, reveling that Antarctica has
undergone successive warming phases during interglacials that allowed the accumulation of salty crusts
contain perchlorate.
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Organic content in Antarctica aerosols
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The organic contain on aerosols describes an interesting climate behavior and paint one of the significant
fractions of tropospheric particles. We analyzed individual particles via microscopic and molecular
speciation by Scanning Transmission X-ray microscopy with near edge X-ray absorption fine structure
spectroscopy (STXM/NEXAFS). This method provided an accurate fraction of internally mixed inorganic and
organic particles for an aerosol campaign of 2014 in West Antarctica (at Brazilian module, Criosfera 1). The
results were revealing a lack of organic aerosol on Antarctica that could be driven by the oxidizing process
during the transport of the coast to the sampling point. Oxidation reactions (primarily by the hydroxyl
radical) of organic species can dramatically change the reactivity, amount, properties and hence the
ultimate impacts of atmospheric particles, as the type of aging, with the potential to affect the optical
properties, hygroscopicity, and cloud condensation nucleus activity of particulate matter. In Antarctica,
photochemistry driven by locations with elevated levels of NOx results in the accumulation of tropospheric
ozone that can double the background concentration. As a consequence of the high OH concentration
above the snowpack (found at the South Pole) and by the ozone oxidation caused process, almost all
organic aerosol found in our samples should be impacted and oxidized during the transport to the center of
Antarctica. The organic suppression of organic matter observed at Antarctica aerosols can increase the
water uptake of particles, reducing the Albedo effect, and impacting the local environment.
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Spatiotemporal variation of surface atmospheric 7Be from Australia to
Syowa Station, and S17, Antarctica
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Deposition of atmospheric minor constituents on the ice sheet surface alters the radiation budget and
creates climate markers in ice cores. Such minor constituents are not only of origin in the Antarctic but are
also supplied by transport from distant sources. To clarify the mechanism of long-distance transport is to
know the mechanism of climate change and to clarify the past atmospheric circulation. ’Be is a radioactive
element produced in stratosphere by cosmic ray, and the higher concentration of ’Be implies higher
contamination of stratospheric air.

This study measured the concentration of ’Be on the Southern Ocean from Australia to Syowa Station on an
island, Antarctica, and at S17 Station on the coastal Antarctic ice sheet during three summer seasons of
December to January in 2014/15, 2016/17, and 2017/18. Few past studies discussed daily variation in
concentration of 7’Be in Antarctica. Time series of the concentration of ’Be shows the increases in the
concentration as the latitude increase with the fluctuation from about 1 mBg/m?3 or less (the detection limit)
to about 10 mBg/m?3. The latitude effect may be due to the descending flow in the polar vortex. The time-
scale of the fluctuation is about a week or so, and tropopause folding associated with synoptic-scale
disturbances may play a role.
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Neutron spectrometer operated in the Concordia station since 2015 and
its contributions on Antarctica research activities

Guillaume Hubert?, Philippe Ricaud?
10nera, University Of Toulouse, Toulouse, France, °CNRM, Météo-France / CNRS , Toulouse, France

The Earth is constantly bombarded by primary cosmic rays (CR) that can be either of galactic or solar origin.
CRs concerns are interdisciplinary field, including impacts on human activities (electronics, biological effect)
and applications such as archaeology, volcanology, geophysics or the cosmogenic nuclide dating. Moreover,
Polar-region development induces an important issue related to space weather.

In the framework of the CHINSTRAP project supported by the French Polar Institute, a CR-induced-neutron
spectrometer is operated since December 2015 in the inner Antarctic Plateau, at Concordia station. Several
parameters can influence the CR measurement, the atmospheric pressure, the hydrometric environment
and the atmospheric water vapor. These parameters were monitored in Concordia thanks to HAMSTRAD
polar project which measure of the trends in water vapor and temperature profiles from the lower part of
the troposphere to the lower part of the stratosphere. Then, atmospheric CR-shower modelling associated
to a primary cosmic ray model allows for deducing a global secondary CR model. This allowed contributing
to some scientific fields such as the dose ambient risk for polar workers, the cosmogenic nuclide dating
activities, the development of solar flare paleo models or the space weather applied to electronic systems.
This paper proposes to analyze four-year measurements from December 2015 to 2020, and to present CR
contributions on Antarctica research activities, in the point of view of radiation characterization, human
dose and cosmogenic nuclide dating. This work will also illustrate the importance of the neutron
spectrometry in Antarctica for the development of an atmospheric-radiation global model.
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Wind filtering of mesospheric short-period gravity waves: Evidence
revealed from all-sky images at King Sejong Station (62°S, 59°W)
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We have analyzed all-sky images observed with an OH airglow filter at King Sejong Station (62°S, 59°W),
Antarctica for the period of 2012-2016. Using the M-transform method, 2D-power spectra were obtained
from 107 image sequences. From the power spectral densities, it is evident that the mesospheric wave
activity is the strongest during winter. We also constructed climatological wind blocking diagrams using the
horizontal winds obtained from MERRA-2 reanalysis data for the altitudes of z = 10-64 km, and from KSS
meteor radar data for z = 80—90 km. We find that the wind blocking diagrams clearly explain the dominant
propagating directions of the observed short-period (< 1 hr) waves except for spring season. The strong
south-eastward waves were observed in spring when wind blocking above z = 50 km are too weak for these
waves, suggesting that the mesospheric waves may be generated above ~50 km.
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Propagation And Sources of the Short Period Gravity Waves over Syowa
Station (69S, 40E) and Davis station(69S, 78E) Studied by Airglow Imaging
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We recently compared the gravity waves over Syowa and Davis, which have similar terrain and
meteorological conditions, to show their horizontal variation over the East Antarctic. Propagation
characteristics are observed by airglow imaging measurements of 90 km altitude. The comparison in April-
May 2013 have indicated that the major propagation directions were westward at Syowa, but at Davis, GWs
seems to propagate in all the directions [Matsuda et al., 2017]. The goal of this study is to reveal what
causes the difference in the gravity wave characteristic over Syowa and Davis. Ground-based horizontal
phase speed spectra at 87 km altitude over the two stations were derived from OH imagers in more detail.
The mean spectra were then calculated in winter (May to August) and fall (September). The winter means
spectra and directionality are similar. The comparison with transmission diagrams [Tomikawa, 2015]
showed that the phase velocity regions of turning and critical level filterings are almost same at both
stations. The variance of the gravity wave perturbations was very similar both in magnitude and seasonal
variations (maximum in winter), except for September/October. In September, directionalities are similar at
both stations but power in Syowa is much larger than that in Davis. The phase velocity spectra are also
calculated for 6 different period band in 8 — 60 min. We found that peaks of the phase velocity spectra for
period bands smaller than 11 min were located at prohibited propagation areas. This suggests that such
high-frequency gravity waves were generated in the mesosphere.
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Satellit observation of secondary gravity waves over the Southern Andes
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The Southern Andes are well known as one of the mountain wave hot spots. Recently, Vadas and Becker
[2019] demonstrated with numerical modeling that the breaking of mountain waves over the Andes can
create secondary GWs at about 50-80 km of altitude, yielding concentric ring structures. Some
observational studies support this hypothesis [e.g., Liu et al., 2019], but the observational evidence is still
limited and indirect, and the characteristics of the secondary GWs are not well understood. The purpose of
this study is to look for signatures of secondary GW generation in observations from a space-based
instrument (VIIRS/Suomi-NPP) and compare their characteristics in the real atmosphere with model
simulations.

This study focuses on a mountain wave event with significant amplitudes (>3 K) and ~500 km horizontal
wavelengths over the Southern Andes, observed on 24 and 25 July 2017 with AIRS/Aqua satellite data
[Hoffman et al., 2017]. VIIRS/Suomi-NPP (can resolve GWs with > several km horizontal wavelengths at ~85
km) did not detect mountain waves but instead observed concentric ring-like GWs with a few hundred km
wavelengths at 4.5 UT on the same night (25 July 2017) over the Southern Andes and its east side.

We will show the observational results and discuss the relationship between the mountain waves observed
and the concentric GWs. In particular, we will focus on what altitude the observed mountain waves broke
and why the observed concentric ring-like GWs extended leeward.
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Application of tritium tracer technique to the partitioning between clear-
sky and synoptic precipitation on the Antarctic plateau
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In Antarctic plateau, precipitation falling from clear sky (known as diamond dust) occurs almost daily, but a
few major synoptic events can give a significant fraction of the annual accumulation. Thus, it is not clear
how much contribution of clear-sky precipitation to the total accumulation on the plateau. Here we
introduce alternative method for partitioning between synoptic and clear-sky precipitation: tritiated water
(HTO). Tritium (T) is one of the cosmogenic nuclides, which mainly produce in the upper atmosphere over
the Antarctica. After the HTO generation, HTO follows the pathway through hydrological cycle, with only
small perturbations owing to fractionation effect during phase changes. Consequently, HTO concentrations
in diamond dust formed by condensation of local Antarctic water are characterized by higher HTO than the
synoptic precipitation accompanied with moisture transported from the surrounding ocean. We analyzed
HTO in surface Antarctic snow collected by repeated traverses between Syowa and Dome Fuji and found
two prominent spatial features; the gradual increase trend from the coast to plateau region and the rapid
increase in HTO toward inland on the plateau. In addition, a good anticorrelation is observed between HTO
and 60 of snow on the plateau. These features indicate that much of the plateau accumulation results
from clear-sky precipitation with no synoptic-scale moisture transport. To support this interpretation, here
we use the atmospheric circulation model incorporated into HTO and show that the balance between clear-
sky and synoptic precipitation is a key driver controls HTO distribution on the Antarctic plateau.
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The glaciers of Svalbard are an excellent repository of aeolian dust. In order to determine provenance of
such dust as locally or globally derived, we examined particulates collected in shallow (0.5-1m long) firn
cores from the glaciers of Southern Spitsbergen: Hansbreen, Storbreen, Flatbreen, Recherchebreen and
Werenskioldbreen. Various minerals were identified, including pyrite, iron oxides, quartz, K-feldspar and
rutile. Iron oxides are predominantly magnetite and no hematite is present, as it would be expected from
subtropical/moderate climate sources. This supports high-latitude provenance for the dust. Coarser grains
probably stem from proximal areas, whereas finer grains may have been transported from more distal
sources. Particulates composed of elemental carbon have been found in a number of specimens; although
their origin is still unknown they may be derived from anthropogenic sources or from forest fires. An alloy of
Ni+Fe composition may be a micrometeorite grain. Zircon and monazite are also present, with grains of the
latter being large enough for electron microprobe dating. These reveals mostly Silurian (syn-Caledonian)
ages, which are also found in bedrock of the Nordaustlandet region of Svalbard. One grain was ca. 1.3 Ga
and may be derived from basement rocks. We suppose that eroded Svalbard mountain ranges are a major
source of dust, which is deposited on and preserved in the local glaciers. However, there are evidence for all
kind of sources and future studies are planned on dust distribution, anthropogenic dust contamination and
potential cosmogenic sources over Svalbard.
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A two-year collaboration between the University of Colorado (CU)-Boulder and the National Center for
Atmospheric Research (NCAR) studied precipitation measurements gathered from four locations on the
Ross Ice Shelf in Antarctica from November 2017 to November 2019. These year-round measurements were
made possible by funding from the United States Antarctic Program (USAP). An autonomous precipitation
measurement system was developed to withstand extreme weather conditions while drawing very little
power to record measurements. The precipitation measurement system utilized a combination of sensors
including an OTT Pluvio2 weighing precipitation gauge nested inside a double Alter-style wind shield, a
snow-height sensor, solar-radiation sensors, a wind-speed sensor, particle counters, and disdrometers. Web
cameras were also used to record periods of precipitation and distinguish between blowing, versus falling,
snow. Although the primary goals of the project were focused on collecting accurate measurements of
precipitation in the Antarctic region, broadening the body of knowledge of the surface mass balance, and
assessing numerical model precipitation estimates, it was also discovered that sublimation could be
measured by the same system. Based on initial observations of both precipitation and sublimation amounts
from the precipitation gauge, a new methodology was developed to derive accurate precipitation and
sublimation rates. A high-level overview of the project will be presented with a focus on the results of this
work, including precipitation and sublimation rates, and comparisons of measured snowfall amounts to
model-predicted accumulations.
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To date, there is no comprehensive Antarctic study of the elemental composition of individual atmospheric
nano- and micro-particles and the number concentration with each composition despite the role that they
play in climactic processes (i.e. influencing planetary albedo by reflecting and scattering radiation, absorbing
radiation, or acting as nuclei for ice and clouds). Previously the average elemental composition of
atmospheric mineral particles entrapped in Antarctic ice has been obtained by dissolving the particles and
determining trace elements in the bulk solution by inductively coupled plasma sector field mass
spectrometry (ICP-SFMS). We measured the elemental chemical composition of thousands of individual
mineral particles by single particle inductively coupled plasma mass spectrometry (spICP-MS). We will
briefly describe how spICP-MS works. Two different instruments were used: ICP-Quadrupole MS (ICP-QMS)
which measures one isotope at a time and ICP-Time of Flight MS (ICP-TOFMS) which acquires a complete
elemental mass spectrum for every particle. Particles in the horizontal ice core from Taylor Glacier (East
Antarctica) spanning part of the last glacial-interglacial cycle (9-44 kyr BP) have been analyzed by spICP-QMS
and spICP-TOFMS. Our primary goal is to determine if and how the number concentration and elemental
composition of individual atmospheric mineral particles have changed over time.
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AWARE was a year-long atmospheric and climate science field program on Ross Island that deployed many
of the most advanced meteorological and remote sensing instruments currently available. The suite of
instruments included with the Second ARM Mobile Facility (AMF2) included research radars in the Ka-, W-
and X-bands, high spectral resolution and micropulse lidars, microwave radiometers for water vapor and
cloud liquid water content, broadband and spectral radiometers in the shortwave and longwave, and
equipment for measuring aerosol microphysics and chemistry. The AMF2 operated on Ross Island from
December 2015 through December 2016, and a smaller instrument suite optimized for surface energy
balance measurement operated at the WAIS Divide Ice Camp in West Antarctica during December 2015 and
January 2016. AWARE data reveal unique properties of the Antarctic troposphere that provide stringent
case studies for cloud microphysical evaluation in climate models, including supercooled liquid water at
lower temperatures than found in the high Arctic troposphere, and influence from gravity waves. The
aerosol observation suite provides an annual cycle of aerosol properties showing chemical and
microphysical contrasts with comparable high Arctic data. Triple-frequency cloud scanning radar
observations from AWARE are the first of their kind in Antarctica, and can differentiate between various
modes of cloud ice water including small crystals, rimed particles and large aggregates. This presentation
discusses these varied observational cases and their incorporation into climate model evaluation. AWARE
data are fully available to the worldwide research community in the ARM Program archive, which provides
efficient data search and access.
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To better capture the air-snow-ice interaction, a snow/ice enhanced Weather Research and Forecasting
(WRF-ice) model has been developed. This study examines the overall performances of WRF-ice and its
blowing snow component with a mesoscale cyclone that occurred during 23-26 October 2017 over the
Antarctic Peninsula. The evolution of the mesoscale cyclone is well reproduced by WRF-ice and the
simulated surface temperatures reasonably agree with satellite observations, with root-mean-square errors
and bias scores for surface temperatures of land-ice (sea-ice) of 3.55 and 0.3 K (3.11 and 0.23 K) during the
daytime, respectively.

Comparisons between control simulation and a sensitivity simulation with blowing snow processes
suppressed show that blowing snow sublimation is prominent within lower atmosphere when the air is dry
and clear, and accordingly moistens and cools the air. Over relatively warm humid areas, enhanced clouds
by blowing snow lead to either colder or warmer surface, as the surface temperature depends on the
competing effects of longwave and shortwave cloud radiative forcings (CRF). Additional moisture from
blowing snow sublimation can slightly intensify precipitation over the mountain. Surface energy budget
analyses indicate that downward shortwave (Sa) and longwave (Ld) CRF, and outgoing longwave CRF (Lu)
are dominant surface heat fluxes components. Combined with increased sensible heat flux, Ld, Lu, and
decreased Sa, latent heat flux due to blowing snow, a negative surface net heat flux occurs during the
daytime. As a consequence of increased precipitation, reduced runoff and sublimation, a positive domain-
total surface mass balance (~5 Ton) is generated during the cyclone.
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Recent observations of clouds and their radiative effect over the Southern
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Clouds over the Southern Ocean are poorly simulated in climate models (Trenberth and Fasullo, 2010;
Hyder et al., 2018), leading to a net bias in the amount of radiation arriving into the ocean (Bodas-Salcedo et
al., 2013). Our knowledge of the different contributions of meteorological and aerosol influences, and how
these vary spatially and temporally, is still limited in this region.

We use recent cloud, aerosol and meteorological observations in the Southern Ocean to try and improve
our understanding of these processes that govern the cloud radiative effect. These observations include 200
days of ship-based measurements across three campaigns between 2016 and 2018, as well as 2 years of
measurements at Macquarie Island over the same period.

Using these observations, in combination with the reanalysis data and satellite measurements, we use
gradient boosted regression to model the cloud radiative effect and isolate the influence of the contributing
factors. This methodology will be extended to better understand biases in the cloud radiative effect in the
Australian Community Climate and Earth System Simulator (ACCESS) model and highlight the
paramaterisations that need improvement.

References

Bodas-Salcedo, Alejandro, et al. "Origins of the solar radiation biases over the Southern Ocean in CFMIP2
models." Journal of Climate 27.1 (2014): 41-56.

Hyder, Patrick, et al. "Critical Southern Ocean climate model biases traced to atmospheric model cloud
errors." Nature communications 9.1 (2018): 1-17.

Trenberth, Kevin E., and John T. Fasullo. "Simulation of present-day and twenty-first-century energy budgets
of the southern oceans." Journal of Climate 23.2 (2010): 440-454.



256

Solar activity reflection in ozone vertical distribution over Antarctica
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Zonal average monthly Solar Backscatter Ultraviolet Radiometer (SBUV) satellite data have been used to
study the vertical ozone distribution in 1979-2018. The quasi-11-year period solar activity cycle from the
ozone data series was investigated with the wavelet transform. Solar activity was characterized by sunspot
numbers and F10.7 solar radio flux data. Wavelet power spectra were calculated for periods of 1-24 years.
Zonal ozone distribution in the high southern latitudes was studied as well. We have considered SBUV
ozone profiles over the Antarctic stations Vernadsky and Casey located in the opposite longitudinal sectors.
It is shown that quasi-11-year disturbances in the ozone distribution were observed at lower altitudes over
Vernadsky (22-31 km) than over Casey (31-37 km). Vernadsky located during spring in the edge region of
the ozone hole where ozone is significantly destroyed near its typical maximum in its vertical profile with
penetration of ultraviolet radiation to the lower heights. The solar activity influence is non-uniform to a
considerable degree. The periods close to 11 years are the most noticeable (i) in the equatorial lower
stratosphere, (ii) in the summer upper stratosphere of the high latitudes, (iii) in the middle-upper
stratosphere of the southern hemisphere in distinction on the northern one. The zonal asymmetry between
solar activity manifestations in the stratosphere over West and East Antarctica was noticed.

This work was partly supported by the projects 19BF051-08 Taras Shevchenko National University of Kyiv.



1643

Utilising Radiosonde Observations Around Antarctica: Studying
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Regular radiosonde launches occur at many Antarctic bases and on scientific ship cruises as part of their
associated metrological programmes. These radiosonde observations can be used to study atmospheric
gravity wave properties.

The UK funded DRagon pAssaGe and sOuthern oceaN Wave Experiment (DRAGON-WEX) aims to use a range
of instrumentation and modelling to determine the sources of gravity waves close to 60°S, to try and
determine where the “missing momentum flux” that is present in atmospheric models is coming from.

As part of DRAGON-WEX we present the results of the preliminary analysis of stratospheric gravity waves
observed using radiosondes from around Antarctica. This work also aligns with the aims of the ANtarctic
Gravity Wave Instrument Network (ANGWIN).
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The meteor radar has been used to measure winds in the mesosphere and lower thermosphere region at
Ferraz station (62.1S, 58.4W) Antarctica. Winds obtained from February 2011 to mid-February 2012 were
analyzed and results reveal the presence of oscillations with periods around 10 and 16 days from late
autumn to late spring, which has been interpreted as planetary waves. The characteristics of these
planetary waves identified over Ferraz station will be discussed and presented in this work. In addition,
MERRA reanalysis data from stratosphere and VLF signals obtained by receivers at Ferraz station are used to
study possible stratosphere-mesosphere coupling by planetary waves including the lower ionosphere
region.
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Antarctic gravity-wave activity in the mesosphere and lower
thermosphere as measured with radars in the ANGWIN network

Damian Murphy?!, Tracy Moffat-Griffin2, Andrew Kavanagh?, Nick Mitchell?, Neil Hindley®, Adrian McDonald?,
Geonhwa Jee®, Jeong-Han Kim?®, Changsup Lee®

IAustralian Antarctic Division, South Hobart, Australia, British Antarctic Survey, Cambridge, United Kingdom, 3University
of Bath, Bath, United Kingdom, *University of Canterbury, Christchurch, New Zealand, *Korean Polar Research Institute,
Incheon, South Korea

Atmospheric gravity waves play an important role in transporting energy and momentum vertically through
the atmosphere, and drive circulations that affect key processes such as formation of the ozone hole and
the cold summer polar mesosphere. The lack of comprehensive observations over the Antarctic region has
an impact on our understanding of these processes. The ANtarctic Gravity Wave Instrument Network
(ANGWIN) seeks to use a network of observations to measure gravity waves continent wide and through all
levels of the atmosphere, in order to fully understand their impact and to constrain their parameterization
in models.

Atmospheric radars are one of the instruments included in the ANGWIN network. Meteor radars detect
meteor trails at heights in the mesosphere and lower thermosphere and track them to build estimates of
wind speed. Medium frequency radars carry out a similar task by tracking the patterns of radio reflections
from turbulent structures.

This presentation will describe the application of common gravity-wave analysis techniques to the different
types of radars at our various Antarctic sites. Access to co-located radars provides insights into the potential
effects of the radar wind determination method on our analysis and allows a continent wide comparison to
be made. The characteristics of gravity waves at the radar sites are then determined through a common
observation year (2016).
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ANGWIN: ANtarctic Gravity Wave Instrument Network

Damian Murphy?!, Tracy Moffat-Griffin?, Takuji Nakamura?, Jose Valentin Bageston® Geonhwa Jee®, Michael
Taylor®

IAustralian Antarctic Division, South Hobart, Australia, British Antarctic Survey, Cambridge, United Kingdom, 3National
Institute of Polar Research, Tachikawa, Japan, *National Institute for Space Research INPE, Séo José Dos Campos, Brazil,
>Korea Polar Research Institute, Incheon, South Korea, ®Utah State University, Logan, USA

Atmospheric gravity waves play an important role in transporting energy and momentum between
atmospheric spheres and drive circulations that affect key processes such as formation of the ozone hole
and the cold summer polar mesosphere. The lack of comprehensive observations over the Antarctic region
has an impact on our understanding of these processes. The ANtarctic Gravity Wave Instrument Network
(ANGWIN) is a highly successful grassroots programme that was started in 2011. It seeks to use a network of
observations to measure gravity waves continent wide and through all levels of the atmosphere, in order to
fully understand their impact and to constrain modelling work. Although ANGWIN initially focused on the
Antarctic, the group is now aiming to develop collaborations in both polar regions.

Current member countries of ANGWIN are Australia, Brazil, Japan, South Korea, the United Kingdom and
the United States of America. The objective of ANGWIN network include; Qualify the longitudinal variations
in gravity waves and determine causes; Characterize wave propagation and influence; Relate observed
gravity waves to sources throughout the atmosphere; Study interactions of gravity waves with planetary
scale waves; Compare polar wave observations to model parameterizations; Determine the effects of
gravity waves on polar stratospheric cloud formation.

The ANGWIN network, its objectives and some recent results will be included in this presentation.
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Supercooled Liquid Water Cloud observed, analysed and modelled at the
Top of the Planetary Boundary Layer above Dome C, Antarctica

Philippe RICAUD?, Massimo Del Guasta?, Eric Bazile!, Niramson Azouz!, Angelo Lupi®, Pierre Durand*, Jean-Luc
Attié*, Dana Veron®, Vincent Guidard?, Paolo Grigioni®

ICNRM, Toulouse, France, 2INO-CNR, Sesto Fiorentino, Italy, 3ISAC-CNR, , Italy, *Laboratoire d'Aerologie, Toulouse,
France, *University of Delaware, Newark, USA, °ENEA, Roma, Italy

A comprehensive analysis of the water budget over the Dome C (Concordia, Antarctica) station has been
performed during the austral summer 2018-2019 as part of the YOPP international campaign. Thin (~100-m
deep) supercooled liquid water (SLW) clouds have been detected and analysed using remotely sensed
observations, at the station (LIDAR, microwave radiometer HAMSTRAD, net surface radiation from BSRN,
radiosondes) and on satellite (CALIOP LIDAR) combined with a specific configuration of the NWP model
ARPEGE-SH. Two case studies are used to illustrate this phenomenon. On 24 December 2018, the
atmospheric planetary boundary layer (PBL) evolved following a typical diurnal variation, which is to say
with a warm and dry mixing layer at local noon thicker than the cold and dry stable layer at local midnight.
Our study showed that the SLW clouds were observed at the top of the PBL. The second case study takes
place on 20 December 2018, when a warm and wet episode impacted the PBL with no clear diurnal cycle of
the PBL top. The amount of liquid water measured by HAMSTRAD was ~20 times greater in this perturbed
PBL than in the typical PBL. In both cases, ARPEGE-SH was not able to accurately reproduce these SLW
clouds, and the discrepancy between the observed and calculated net surface radiation was reaching +50 W
m-2. The model was then run with a new liquid water partition function and was able to generate SLW
clouds on 24 December 2018.
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Precising dust provenience in Western Antarctica by the integration
among Sr-Nd isotopic signatures in fresh snow, remote sensing and
atmospheric modeling

ELAINE ALVES SANTOS?, Heitor Evangelistal, Alerson Bezerra!, Claudio Valeriano!, Kamila Agostini®
IUniversity Of State Of Rio De Janeiro, Rio de Janeiro, Brazil

Eolian dust is widely accredited as an important player to climate and environmental change, Nevertheless,
gaps in the knowledge of determining their provenance still exist. We present here a method which
objective is to improve the determination of dust sources based on the combination of 3 parameters: (1)
the radiogenic isotope signal of the fresh snow conducted at the Brazilian Antarctic remote laboratory,
Criosferal (84°S, 79°W); (2) the dust activity of the postulated sources (using aerosol index); (3) the air mass
trajectory frequencies linking the site in Antarctica and the postulated sources. The backward air mass
trajectories derived from the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT), cannot alone
guarantee the origin of aerosols due to model limitations and extrapolations to the polar region,
additionally, the radiogenic signal can be quite similar at sites from different continents as South America,
Africa, and Australia depending on the geological formation. Finally, the Aerosol index, product from the
Scanning Imaging Absorption Spectrometer for Atmospheric Chartography (SCIAMACHY), can be a decisive
component in the interpretation of provenance. For the present work, we present an integrated
measurement of isotopic ratios for Sr and Nd of snow deposited during a 5 month integration (August to
December 2013) and 3 months integration (October to December 2015) obtaining the values 0,709929
<87Sr/865r <0,729392 and -33,7 < ENd <-14,6 as well as the corresponding trajectory frequencies and
aerosol index. Our results point to the importance of the combined use of the above parameters to the
accuracy in identifying dust provenance.
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In Situ Precipitation Observations for the Northwest Ross Ice Shelf,
Antarctica: A Review of the Instrument Systems and Analysis of the
Observations

Mark Seefeldt!, Taydra Low?, Scott Landolt?
IUniversity Of Colorado - Boulder, Boulder, United States, ?’National Center for Atmospheric Research, Boulder, United
States

Four low-power, autonomous Antarctic Precipitation Systems (APSs) were installed on the Ross Ice Shelf,
Antarctica for year-round in situ measurement of precipitation. The APS sites were installed for two years,
starting in November 2017, as a part of the United States Antarctic Program (USAP). The liquid-water-
equivalent precipitation was measured using an Ott Pluvio2 weighing precipitation gauge installed inside a
double-alter wind shield. Additional measurements, such as snow height, wind speed, particle counts, and
videos, were included in the APS sites to provide supporting observations. The precipitation measurements,
and supporting observations, are providing a “ground truth” in understanding precipitation and snow
accumulation in Antarctica. A review of the instrument systems will be provided, including an assessment of
the successes and lessons learned during the two-year field deployment. The presentation will also include
analyses of precipitation events and a comparison across the different instruments. Analyses will also be
provided by studying event-by-event accumulation of precipitation at the four sites in comparison to the
numerical model results of liquid-water-equivalent precipitation. The results will provide insights on the
capability and validity of in situ precipitation observations for assessing numerical models and future
capabilities in the measurement of precipitation.
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Investigation of Black Carbon aerosols over the Antarctic region using a
regional climate model

Rohit Srivastava®
INational Centre for Polar and Ocean Research, Goa, India

Aerosols and their interaction with sea, cryosphere and clouds can have crucial impact on radiation balance
over the Polar region. They absorb and scatter incoming solar and outgoing terrestrial radiation to a
different extent depending on their concentrations, types and size. They can also modify the cloud
properties (lifetime and scattering properties) by acting as cloud condensation nuclei. Black Carbon (BC)
(which is generated by biomass and fossil fuel burning) can trap radiation and warm the atmosphere; and
are reported to be the second strongest contributor to global warming after carbon dioxide. The simulations
of Weather Research and Forecasting model coupled with Chemistry (WRF-CHEM) were investigated and
compared with the aerosol observations over the East Antarctic region. The model simulations were
performed at horizontal grid resolution of 50 km x 50 km. The 6-h initial and lateral boundary conditions for
the meteorological fields from National Centre for Environmental Predictions, Final Analysis (NCEP/FNL)
were utilized in the simulations. The chemical mechanism for gas-phase chemistry in WRF-CHEM
simulations was provided from MOZART4 and for aerosol process based on Goddard Chemistry Aerosol
Radiation and Transport (GOCART) bulk aerosol scheme (MOZCART). BC mass concentration was found to
higher over the Eastern Antarctic region during the forest fire seasons in Australia. This may be due to
transport of BC produced by biomass burning. The detailed results on spatial and seasonal variations of BC
over the Antarctic and surrounding regions will be presented and discussed.
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Snow surface pattern observations along traverse routes between Showa
Station and Dome-Fuji Station of Antarctica using camera images

Konosuke Sugiura®, Naohiko Hirasawa?, Hirotaka Tomita?, Kengo Watanabe?, Naoyuki Kurita®, Kenji
Kawamura?, Fumio Nakazawa?, Hiroshi Ohno?, Shuji Fujita?, Ikumi Oyabu?, Takashi Yamanouchi?, Hideaki
Motoyama?

IUniversity of Toyama, Toyama, Japan, ?National Institute of Polar Research, Tachikawa, Japan, 3Nagoya University,
Nagoya, Japan, *Kitami Institute of Technology, Kitami, Japan

Snow surface patterns in Antarctica are of practical concern and are important for assessing the surface
mass balance of the ice sheet. Snow depth measurements between Syowa Station and Dome Fuiji Station
using snow stakes at 2 km intervals have been carried out by the Japanese Antarctic Research Expedition at
the time of a traverse as part of a monitoring program. It is not clear how the snow depth changes
seasonally. In this study, we have carried out snow surface pattern observations indicating erosion and
deposition to grasp the actual situation of the snow surface. Firstly, to obtain the image of the snow surface
state, an interval camera was installed in a snow vehicle making a round-trip traverse between the coast
and the inland in summer of 2017. Secondly, to obtain the seasonal variation of the snow surface state, four
interval cameras were installed at selected points along a latitudinal transection between the coast and the
inland in summer of 2017. Snow surface patterns were classified in three kinds by sight. Analyzed results of
altitude dependence of the snow surface patterns fairly agreed with a previous research. However, a
difference was confirmed in altitude dependence of large sastrugi formation in comparison with the
previous research. This presentation describes the progress of the snow surface observations using camera
images and also discusses extracted problems.
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Ground-based measurements of total ozone column amount with a
multichannel moderate-bandwidth filter instrument at the Troll research
station, Antarctica

Milos Sztipanov!, Knut Stamnes?, Wei Li*, Arne Dahlback?, Tove Svendby?, Arve Kylling®, Georg Hansen?,
Lubna Tumeh?, Jacob Stamnes®

IStevens Institute Of Technology, Hoboken, United States of America, ?University of Oslo, Oslo, Norway, 3Norwegian
Institute for Air Research, Kjeller, Norway, *Manhattan College, New York City, United States of America, *University of
Bergen, Bergen, Norway

Combining information from several channels of the Norwegian Institute for Air Research (NILU-UV)
irradiance meter, one may determine the total ozone column (TOC) amount. A NILU-UV instrument has
been deployed and operated on two locations at Troll research station in Jutulsessen, Queen Maud Land,
Antarctica, for several years. The method used to determine the TOC amount would be presented, and the
derived TOC values are compared with those obtained from the Ozone Monitoring Instrument (OMI)
located on NASA’s AURA satellite. The findings show that the NILU-UV TOC amounts correlate well with the
results of the OMI and that the NILU-UV instruments are suitable for monitoring the long-term change and
development of the ozone hole. Because of the large footprint of OMI, NILU-UV is a more suitable
instrument for local measurements.
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LODEWAVE: LOng-Duration balloon Experiment of gravity WAVE over
Antarctica

Yoshihiro Tomikawa®?, Kaoru Sato®, Yoshitaka Saito*, Isao Murata®, Naohiko Hirasawa?, Masashi Kohma?3, .
Kyoichi Nakashino®, Daisuke Akita’, Takuma Matsuo®, Masatomo Fujiwara®, Lihito Yoshida?

INational Institute of Polar Research, Tachikawa, Japan, °The Graduate University for Advanced Studies, SOKENDAI,
Tachikawa, Japan, 3The University of Tokyo, , Japan, *Japan Aerospace Exploration Agency, , Japan, *Tohoku University,
Sendai, Japan, Tokai University, , Japan, “Tokyo Institute of Technology, , Japan, 8Meiji University, , Japan, °Hokkaido
University, Sapporo, Japan

Super-pressure balloons (SPBs) can float at a constant density surface in the troposphere and stratosphere
for long duration (i.e., several months). They can follow Lagrangian motions of air parcels, which is
beneficial for gravity wave studies. Gravity waves are one of uncertain factors in current climate models, in
which it is required to obtain their stochastic features as well as their spatial and temporal mean behavior.
SPBs enable us to obtain stochastic features of gravity waves in a full frequency range from Brunt-Vaisala
frequency to inertial frequency. On the other hand, the PANSY radar, which is only MST/IS radar in the
Antarctic, has been operated at Syowa Station since 2012. It measures three-dimensional winds with high
temporal and vertical resolution and can obtain stochastic features of gravity waves in a full frequency
range. It is expected to obtain three-dimensional gravity wave features in the Antarctic by combining SPB
and PANSY observations. Thus, our group proposes new SPB observations in the Antarctic.
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Characteristics of Marine Boundary Layer Clouds over the Southern Ocean

Son Truong®®, Yi Huang??, Francisco Lang?, Steven Siems'?, Michael Michael
IMonash University, Melbourne, Australia, °The University of Melbourne, Melbourne, Australia, 2Australian Research
Council Centre of Excellence for Climate Extremes (CLEX), Melbourne, Australia

Marine boundary layer (MBL) clouds over the Southern Ocean (SO) remain poorly understood due,
primarily, to sparse observations. It has been hypothesized that this poor understanding directly contributes
to persistent large biases found in the radiation budget over the SO in both climate models and reanalysis
products. Motivated by the need to improve the understanding of key atmospheric processes of the SO
climate system, a range of field campaigns have taken place in recent years (e.g. CAPRICORN, SOCRATES,
MARCUS and MICRE), yielding an unprecedented wealth of measurements ranging from Hobart to the edge
of Antarctica. In total, 2186 soundings are employed to map out characteristics of the ABL and their clouds
over the SO.

The analysis explores variations in the MBL characteristics in relation to the sea surface temperature (SST)
and synoptic meteorology (e.g. distance to fronts/cyclone). The analysis further examines the macroscopic
properties for clouds between 0.5 and 4km altitude. The cluster analysis were readily sorted by the
underlying SST leading to a warm cluster, four storm-track clusters and two cold-ocean clusters. The four
storm-track clusters can, to first order, be approximated by the classic Norwegian model of mid-latitude
cyclones. The warm cluster commonly characterises an air mass off the Australian continent. The two cold-
ocean clusters are found to be highly distinct. The coldest cluster, commonly found at the coast of
Antarctica, is often cloud-free, while the soundings primarily located off the coast commonly have multiple
cloud layers and a complex thermodynamic structure.

Keywords: MBL, multi-layer clouds
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Simulating the contribution of marine organic carbon to Southern Ocean
aerosol and clouds

Matt Woodhouse?, Luke Cravigan?, Zoran Ristovski?, Sarah Lawson?, Melita Keywood?, Mike Harvey?
1CSIRO, Aspendale, Australia, ?Queensland University of Technology, , Australia, 3NIWA, , New Zealand

The marine aerosol burden is often described as being dominated by sea salt and sulfate. However,
observations and laboratory studies have highlighted a significant contribution to marine aerosol from
emission of organic carbon. Despite this, even the latest generation of aerosol schemes included in climate
models neglect organic carbon emissions, introducing potential biases to the simulated clouds,
precipitation, and radiative budget.

Marine organic carbon emissions can be primary (direct release of organic carbon in particles) or secondary
(organic carbon emitted in the gas-phase). The lifetime and fate of aerosol from the two distinct source
mechanisms are quite different, and require individual representation in an aerosol scheme to quantify
their role in the climate system.

We have used the ACCESS-UKCA composition-climate model (which includes the GLOMAP-mode aerosol
microphysics scheme) to simulate the emission and fate of primary and secondary organic carbon. We
compare the model against observations made during the Surface Ocean Aerosol Production (SOAP) ship
campaign in the productive seas east of New Zealand, and also against long-term observations from fixed
stations (e.g. Cape Grim). We quantify the contribution marine organic carbon makes to Southern Ocean
aerosol mass and number, and the subsequent impacts on cloud optical properties and radiation. Including
emissions of marine organic carbon can reduce the Southern Ocean radiation bias, and opens the door to
including paramterisations of ice nuclei number concentration.
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Comparison of wind frequency spectra over Syowa Station between the
ERAS reanalysis and the PANSY radar

Lihito Yoshida?, Yoshihiro Tomikawa®?, Mitumu K Ejiri*?, Masashi Kouma?®, Kaoru Sato®

1The Graduate University for Advanced Studies, SOKENDAI, 10-3, Midori-cho, Tachikawa-shi, Japan, ?°National Institute of
Polar Research, 10-3, Midori-cho, Tachikawa-shi, Japan, 3Graduate School of Science, The University of Tokyo, 7-3-1
Hongo, Bunkyo-ku, Japan

The latest objective and reanalysis data have horizontal resolution fine enough to partially resolve gravity
waves (GWs), which enable us to estimate their momentum flux and energy. It is reported that the
European Centre for Medium-Range Weather Forecasts (ECMWF) operational analysis reproduced the
horizontal distribution of momentum flux due to GWs, which was similar to but smaller than the
observations by a factor of 3-5.

In this research, we evaluate how much GWs over Syowa Station (39.6E, 69.0S) are reproduced in the ERA5
reanalysis data by comparison with the PANSY radar observation. The ERAS reanalysis is the latest
meteorological reanalysis dataset provided by the ECMWEF. The PANSY radar at Syowa Station is the only
Mesosphere-Stratosphere-Troposphere/Incoherent Scatter (MST/IS) radar in the Antarctic and can observe
GWs in all frequency bands and estimate their momentum flux in the troposphere and lower stratosphere.
We compared frequency spectra of three-dimensional winds between the ERA5 reanalysis and the PANSY
radar from January to March 2016. While the frequency spectra of horizontal winds showed a good
agreement between ERA5 and PANSY in a frequency range lower than the inertial frequency, those of ERA5
were smaller than those of PANSY in a frequency range higher than the inertial frequency. Also, we found
that the frequency spectra of vertical wind in ERA5 were smaller than those of PANSY in all frequency
bands. We will discuss why such a difference between ERA5, and PANSY appears especially in the vertical
wind.
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Modeling the Lower Atmosphere and Surface Mass Balance of Antarctic
Peninsula Ice Sheet with a Snow-lce Enhanced WRF-ice Model

Jing Zhang?, Liping Luo?, Regine Hock?, Yao Yao®
INorth Carolina A&T State University, Greensboro, United States, University of Alaska Fairbanks, Fairbanks, United
States, 3Nanjing University of Information Science & Technology, Nanjing, China

Antarctic Peninsula (AP) is among the most rapidly changing regions in the world , which makes it an ideal
target for developing a model framework suitable for understanding the climate change impacts on the ice
sheets/shelves. As thus a snow/ice enhanced Weather Research and Forecasting model WRF-ice has been
developed. This study examines the overall performances of WRF-ice and its blowing snow component with
a case study of mesoscale cyclone during October 23-26 2017 over AP. WRF-ice simulated surface
temperatures over ice sheet, ice shelf and sea ice are in reasonably good agreement with the MODIS
surface temperatures. Blowing snow effects in the WRF-ice simulation show that water vapor in the lower
atmosphere increases owing to the blowing snow sublimation, and more clouds and precipitation are
generated when enough moisture and lifting are present. Blowing snow sublimation is prominent when the
air is dry and clear, and accordingly moistens and cools the air. Over relatively warm and humid areas,
enhanced clouds by blowing snow lead to either colder or warmer air and surface temperatures depending
on the competing effects of longwave and shortwave cloud radiative forcings (CRF). Additional moisture
from blowing snow sublimation can intensify precipitation over the mountain areas. Furthermore, surface
energy budget indicates decreased (increased) latent (sensible) heat flux due to blowing snow. Combined
with increased (decreased) longwave (shortwave) CRF, a negative surface net heat flux occurs during
daytime. As a consequence of increased precipitation and reduced runoff and sublimation, a more positive
surface mass balance is generated.
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Stability of soil organic matter in ornithogenic soils of the Maritime
Antarctica

Ivan Alekseev?, Evgeny Abakumov?
I1Saint Petersburg State University, Saint Petersburg, Russian Federation

Climate change in the polar regions has been described as very dramatic in recent decades. Better
understanding and modeling the Earth’s climate system requires improving our knowledge of carbon, water
and energy exchange between terrestrial ecosystems and the atmosphere (IPCC, 2007). In severe climatic
conditions of Antarctica birds play an important role in transportation of organic matter to the coastal
landscapes. This study is aimed at studying structural and molecular composition of organic matter in soils
of King George and Ardley islands (South Shetland Islands). We revealed that redistribution of guano
components significantly affects the speed of soil cover spatial development and formation of new
polypedons. We found that the humic acids (HAs) of the cryoturbated, buried areas had lower amounts of
alkyl aromatic and protonized aromatic compounds. In contrast, the HAs from the surface layers contain
less alkyl carbon components. Our data showed that the portion of aromatic compounds is little higher in
soils under materials transported by birds compared to soils developed under bryophyta or lichens
communities. This is probably because birds use mainly remnants of Deschampsia antarctica (with high
portion of phenyl-propanoic organic precursors) for nest building. Comparison of the 13C-NMR spectra of
the HAs and the bulk SOM revealed that humification occurs in the Antarctic and results in accumulation of
aromatic and carboxylic compounds and reductions in alkylic ones. This indicates that humification is one of
the ways of soil organic matter stabilization.
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Understanding the response of the Amundsen Sea Embayment to
century-scale ocean forcing

Alanna Alevropoulos-Borrill}, Nicholas Golledge*?, Stephen Cornford?
IAntarctic Research Centre, Victoria University Of Wellington, Wellington, New Zealand, °GNS Science, Lower Hutt, New
Zealand, 3Department of Geography, Swansea University, Swansea, UK

Projections of the 21st century Antarctic sea level contribution are uncertain. Much of this uncertainty is
associated with the mass loss from the Amundsen Sea Embayment (ASE), a catchment that has experienced
considerable mass loss and grounding line retreat in recent decades. Ocean forced basal melting, controlled
by wind driven transport of warm Circumpolar Deep Water (CDW) toward ice shelf cavities, is responsible
for the observed thinning and speed up of ASE glaciers. The delivery of CDW toward grounding lines of ASE
ice streams is projected to increase over the 21st century, driving high melting and grounding line retreat.
Here we present a series of idealised experiments of 21st century basal melting applied to a regional set up
of the ASE. We use the BISICLES ice sheet model which uses adaptive mesh refinement to model grounding
line position at high resolution (250 m). The sensitivity experiments are forced with a series of linear
increases in the applied sub-ice shelf melting which are then removed at varying intervals to show the
dynamic response of the system in the absence of forcing. We repeat these experiments but with a removal
of forcing, allowing the grounding line to advance. The results provide an indication of whether advance of
the grounding line is plausible after substantial ocean forcing and, if so, what magnitude of ocean cooling is
necessary for the ASE ice streams to recover.
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Drivers of Antarctic Intermediate and Mode Water export in CMIP models

Lucas Almeida?, Mauricio Mata!, Matthew Mazloff?
IFederal University Of Rio Grande, Rio Grande, Brazil, ?Scripps Institution of Oceanography, San Diego, United States

The subduction rates in the circumpolar region are responsible for the formation of the Subantarctic Mode
Water and Intermediate Antarctic Water in the Southern Ocean, which consist as part of the upper branch
of the meridional overturning circulation, highly important in the global climate system. Theoretical
understanding predicts these waters masses are driven by wind stress curl and buoyancy fluxes. The
objective of this work is to evaluate how much of AAIW and SAMW variability in CMIP solutions (generation
5 and 6) is correlated to Southern Ocean fluxes. We compare AAIW and SAMW volume transport at 3005
with Ekman Pumping, Freshwater and Heat Fluxes through a Multivariate Regression procedure. We found
a significantly variability of mean transport of the water masses between CMIP models. Initially, was test
temporal lags were tested individually for each parameter in the analysis and resulted in a better correlation
with no lags for Ekman Puming, 2 months for Freshwater fluxes and 3 months for Heat fluxes. The
multivariate analysis showed that AAIW and SAMW are significantly correlated to fluxes in most models,
with few exceptions. Heat fluxes is the dominant forcing to explain variability of AAIW, while the export of
SAMW was best explained by a combination of Ekman Pumping and buoyancy fluxes. Correlation
coefficients in most models are consistent with theoretical expectations, with a positive (negative)
relationship with Ekman Pumping (buoyancy fluxes).
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Evaluation of the representation of the Antarctic continental shelf seas in
climate models

Qiang Sun?, Christopher Little?, Alice Barthel?
1Los Alamos National Laboratory, Los Alamos, United States, 2Atmospheric and Environmental Research, Inc., Lexington,
United States

The Antarctic Continental Shelf Seas are a critical, rapidly-changing, element of the Earth system. Evaluation
of the representation of the Antarctic continental shelf seas across CMIP6 models is critical: regional water
mass properties are used to drive sea level projections from the Antarctic ice sheet, and previous CMIP
ensembles show substantial biases with a wide inter-model and inter-region spread. However, the Antarctic
continental shelf seas remain sparsely sampled, posing challenges for model-data comparison.

This study aims to evaluate and compare climate model performance on the Antarctic continental shelf. In
particular, we showcase a new cluster-based, grid-independent, methodology to identify and compare
regional water masses. Applied to WOA18, this method identifies various regimes on the shelf, such as
regions of high salinity shelf water formation, and regions of mixed water masses. Preliminary work with
CESM demonstrates that this method can identify the location of distinct shelf regimes independently of the
mean-state model bias. This method will be used in conjunction to more traditional water masses
characterization to evaluate CMIP6 models.
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Rapid Ross Sea Deglaciation as captured in the RICE Ice Core

Nancy Bertler?, Howard Conway?, Dorthe Dahl-Jensen®, Ed Brook>, Jeff Severinghaus®, James Lee’, Nicolas
Golledge!, Dan Lowry?, Abhijith Ulayottil Venugopal*?, Lukas Eling?, Katelyn Johnson'?, Liz Keller?, Rebecca
Pyne?, and the RICE Science Team

Wictoria University , Wellington, New Zealand, °GNS Science, Lower Hutt, New Zealand, 3University of Washington,
Seattle, USA, “University of Copenhagen, Copenhagen, Denmark, Oregon State University, Corvallis, USA, ®Scripps
Institution, San Diego, USA, ’Los Alamos National Laboratory, Los Alamos, USA

The Roosevelt Island Climate Evolution (RICE) project recovered a 763.4 m deep ice core to bedrock from
Roosevelt Island, at the northern edge of the Ross Ice Shelf. The ice at Roosevelt Island is grounded 210m
below sea level and accumulates in situ, with the Ross Ice Shelf flowing around the rise.

Comparison of the modern RICE isotope data with meteorological records from weather stations and
reanalysis products suggest that the record is representative of the temperature variability in the Ross Sea
Region, the Ross Ice Shelf and western West Antarctica. In addition, the analysis shows that the RICE record
is particularly sensitive to changes in regional sea ice extent and low and mid latitude climate drivers, in
particular to the combined effects of the El Nifio Southern Oscillation, the Pacific Decadal Oscillation and the
Southern Annular Mode.

Here, we show isotope and geochemical data spanning the past 68 ka. Our data suggest that the Ross Ice
Shelf grounding line retreat during the last deglaciation was driven at least in part by the early onset of
deglaciation in West Antarctica as recorded in the WAIS Divide ice core (WDC). The Ross Ice Shelf grounding
line started to retreat rapidly with the initiation of an ice shelf cavity. Atmospheric circulation changes
precede the onset of the Antarctic Cold Reversal (ACR) by about 200 years. We observe that RICE leads the
WDC onset of the ACR by about 300 years.
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Twenty first century changes in Antarctic and Southern Ocean surface
climate in CMIP6

Tom Bracegirdle!, Gerhard Krinner?, Marcos Tonelli3, Alexander Haumann®, Kaitlin Naughten?, Thomas
Rackow®, llana Wainer?

1British Antarctic Survey, Cambridge, United Kingdom, 2CNRS, Grenoble, France, 3Universidade de Sao Paulo, Sao Paulo,
Brazil, *Princeton University, Princeton, USA, >AWI, Bremerhaven, Germany, ®University of Washington, Seattle, USA

Reliable estimates of Antarctic climate system responses under a range of future climate forcing scenarios
are a high priority since, for example, ecosystems and ice shelves are highly sensitive to the timing of
crossing of key thresholds in regional conditions. In the presentation results from an assessment of absolute
and global-relative 21st century projections will be shown for a wide range of climate forcing scenarios
based on output from the latest generation of state-of-the-art climate models participating in the new
Coupled Model Intercomparison Project Phase 6 (CMIP6). Firstly an overview will be given of the main
broad-scale 21st century Antarctic projections provided by the CMIP6 models across four forcing scenarios:
SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5. End-of-century Antarctic surface-air temperature changes across
these scenarios (relative to 1995-2014) are 1.4, 2.6, 3.8 and 4.9 °C. The corresponding proportional
precipitation rate changes are 8, 15, 23 and 30 %. Results will then be shown highlighting that across these
scenarios projected changes over Antarctica and the Southern Ocean exhibit significant departures from a
simple proportional link to global forcing. This is particularly apparent in the aggressive mitigation scenario
(SSP1-2.6) which, compared to higher-forcing scenarios, exhibits stronger global-relative 21st century
warming over coastal Antarctic and the Southern Ocean. Internal ocean dynamics and projected recovery of
Southern Hemisphere (SH) stratospheric ozone both appear to play a role. These results highlight the
importance of accurate representation of key regional processes, some of which are still not widely
incorporated in contemporary climate models.
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Improvements in Circumpolar Southern Hemisphere Extratropical
Atmospheric Circulation in CMIP6 Compared to CMIP5

Tom Bracegirdle?, Caroline Holmes?, Scott Hosking?, Gareth Marshall', Marisol Osman?, Matthew Patterson?,
Thomas Rackow*

1British Antarctic Survey, Cambridge, United Kingdom, 2CIMA/CONICET-UBA, Buenos Aires, Argentina, 3University of
Oxford, Oxford, UK, “AWI, Bremerhaven, Germany

One of the major globally relevant systematic biases in previous generations of climate models has been an
equatorward bias in the latitude of the Southern Hemisphere (SH) mid-latitude tropospheric eddy driven
westerly jet. The far reaching implications of this for Southern Ocean heat and carbon uptake and Antarctic
land and sea ice are key reasons why addressing this bias is a high priority. It is therefore of primary
importance to evaluate the representation of the SH westerly jet in the latest generation of global climate
and earth-system models that comprise the Coupled Model Intercomparison Project Phase 6 (CMIP6). In
this paper we assess the representation of major indices of SH extratropical atmospheric circulation in
CMIP6 by comparison against both observations and the previous generation of CMIP5 models. Indices
assessed are the latitude and speed of the westerly jet, variability of the Southern Annular Mode (SAM) and
representation of the Amundsen Sea Low (ASL). These are calculated from the historical forcing simulations
of both CMIP5 and CMIP6 for time periods matching available observational and reanalysis datasets. From
the 21 CMIP6 models currently available there is an overall reduction in the equatorward bias of the annual
mean westerly jet from 1.9° in CMIP5 to 0.7° in CMIP6 and from a seasonal perspective the reduction is
clearest in austral spring and summer. This is accompanied by a halving of the bias of SAM decorrelation
timescales compared to CMIP5. However, no such overall improvements are evident for the ASL.
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Future climate response to Antarctic Ice Sheet melt produced by
anthropogenic warming

Shaina Rogstad?, Alan Condron?, Robert DeConto?, David Pollard®
IWoods Hole Oceanographic Institution, Woods Hole, United States, 2University of Massachusetts Amherst, Amherst,
United States, *Pennsylvania State University, , United States

Observational evidence indicates that the Antarctic Ice Sheet (AlS) is losing mass at an accelerated rate
while ice sheet models highlight the potential for a significant future ice collapse in the next few centuries.
The impacts of increased freshwater runoff and ice discharge into the ocean from a retreating ice sheet are
now only beginning to be explored, and remain poorly constrained. Here, we report on changes to the
climate system over the next 250 years (present to 2250CE) projected by a fully coupled global climate
model (CESM 1.2) run under future greenhouse gas emissions scenarios IPCC RCP4.5 and 8.5, with
meltwater discharge provided by a dynamic-thermodynamic Antarctic Ice Sheet model. The multi-century
length of these simulations includes the full collapse of the West Antarctic ice sheet in the ice sheet model
in the RCP8.5 run at ~2125CE in. We find that accounting for Antarctica’s meltwater contribution raises sub-
surface ocean temperatures at the ice sheet margin by more than 1°C, with the potential to substantially
increase the rate of ice melt beyond current projections. In contrast, the surface freshening leads to a
dramatic expansion of sea ice that causes Southern Hemisphere surface air and ocean temperatures to be
2-10°C cooler than experiments without meltwater from the ice sheet model. This change reduces projected
global mean anthropogenic warming by 2°C during peak ice sheet collapse in experiment RCP8.5. Our
results demonstrate a clear need to account for meltwater input from ice sheets if we are to make confident
climate predictions.
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Mean state and future trends of Antarctic snow accumulation dominated
by atmospheric synoptic-scale events

Quentin Dalaiden?!, Hugues Goosse?, Jan Lenaerts?, Marie Cavitte!, Naomi Henderson?

IUniversité catholique de Louvain (UCLouvain), Earth and Life Institute (ELI), Louvain-la-Neuve, Belgium, ?Department of
Atmospheric and Oceanic Sciences, University of Colorado Boulder, Boulder CO, USA, 3Lamont-Doherty Earth
Observatory, Columbia University, Palisades, USA

The Antarctic continent has gained mass at its surface over the last century through increased snowfall, with
a strong spatial variability. However, the mechanisms behind the snow accumulation changes are poorly
understood. This limits our ability to assess precisely future projections of the Antarctic climate. Here, by
analysing the Antarctic atmospheric moisture budget using reanalysis data and climate models, we show
that the year-to-year variations in snow accumulation are governed by different processes than the multi-
decadal snow accumulation changes. Our results reveal that both the moisture transport by the mean
circulation and by short-lived synoptic-scale events control the inter-annual variability of regional snow
accumulation. Yet, when considering the entire continent at the multi-decadal scale, only the synoptic-scale
events can explain the snow accumulation increase over 1985-2014 AD and for the end of the 21st century.
Our analysis indicates that, in a warmer world, these atmospheric synoptic-scale events transport more
humidity due to increasing temperatures, which leads to more precipitation on the Antarctic continent and
can therefore mitigate sea-level rise. Many studies have underlined the dominant contribution of the
Southern Annular Mode in explaining variations of snow accumulation at regional scales but we show it has
a much lesser role at the continental scale and on longer timescales. The mechanisms ruling accumulation
changes identified from inter-annual changes over the last few years cannot thus be simply extrapolated to
predict future accumulation changes.
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Projected Slowdown of Antarctic Bottom Water Formation in Response to
Amplified Meltwater Contributions

MATTHEW ENGLAND?, Veronique Lago?!
IUNSW, Sydney, Australia

The overturning of Antarctic Bottom Water (AABW) is a major regulator of the storage of heat, carbon, and
nutrients in the ocean. AABW sinking is sensitive to changes in surface buoyancy, in particular due to
freshening since salinity plays a greater role in determining density at near-freezing temperatures.
Acceleration in Antarctic ice-shelf and land-ice melt could thus significantly impact the ventilation of the
world’s oceans, yet future projections do not usually include this effect in models. Here we use an ocean—
sea ice model to investigate the potential long-term impact of Antarctic meltwater on AABW overturning.
The freshwater forcing is derived from present-day estimates of meltwater input from drifting icebergs and
basal melt, combined with RCP2.6, RCP4.5, and RCP8.5 scenarios of projected amplification of Antarctic
meltwater. We find that the additional freshwater induces a substantial slowdown in the formation rate of
AABW, reducing ventilation of the abyssal ocean. Under both the RCP4.5 and RCP8.5 meltwater scenarios,
there is a near-complete shutdown of AABW formation within just 50 years, something that is not captured
by climate model projections. The abyssal overturning at ~30S also weakens, with a 20-yr delay relative to
the onset of AABW slowdown. After 200 years, up to 50% of the original volume of AABW has disappeared
as a result of abyssal warming, induced by vertical mixing in the absence of AABW ventilation. This suggests
that climate change could induce the disappearance of present-day abyssal water masses, with implications
for the global distribution of heat, carbon, and nutrients.
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COSMO-CLM2 : the regional climate model used for investigating the
decadal variability and predictability of the atmosphere-ocean-ice sheet
system over Antarctica.

Alexandra Gossart?, Sam Vanden Broucke?, Niels Souverijns?, Samuel Helsen?, Sotiris Sotiriadis?, Matthias
Demuzere?, \ Nicole PM van Lipzig?
Wictoria University Of Wellington, Wellington, New Zealand, ?University of Leuven, Leuven, Belgium

The climate of the polar regions, changing over the last decades, may result from external forcing, but also
from natural interactions between its components (atmosphere, marine and continental cryosphere, and
ocean). Quantifying the contribution of each is critical to understand decadal variability in the polar regions.
The PARAMOUR project aims at revealing the fundamental drivers of climate variability and assessing the
predictability in the polar regions. Coupling between the atmosphere, ocean and ice sheet regional climate
models will enable to study the interactions between the atmosphere, ocean, sea ice and ice shelves at
scales between a few hundreds of meters and a few kilometers, and investigate how these interactions
influence the variability and predictability of the system, both in the past and in the future.

We present here the model used to represent the Antarctic climate: COSMO-CLM2. COSMO-CLM is a non-
hydrostatic regional climate model, coupled to the Community Land Model 4.5. First, this coupled model
was adapted for Antarctic conditions by updating the snowpack, roughness length of snow and the
atmospheric stability parameters. A 30 years hindcast (1987-2016) simulation was performed and evaluated
against a compilation of observational records, indicating that the COSMO-CLM2 model is capable of
adequately simulating the Antarctic climate. Further studies have been led using COSMO-CLM2 to better
represent the cloud-aerosols interactions and their impact on the radiative balance over the Antarctic ice
sheet, as well as to include include a snowdrift routine to model the darkening of the surface due to
scouring by the wind.



393

Evaluation of the representation of surface mass balance in atmospheric
reanalyses

Alexandra Gossart’?, Samuel Helsen?, Jan TM Lenaerts®, Sam Vanden Broucke?, Nicole PM van Lipzig?, Niels
Souverijns?

Wictoria University Of Wellington, Wellington, New Zealand, 2University of Leuven, Leuven, Belgium, 3University of
Colorado Boulder, Boulder, USA

Regional climate models and reanalyses are tools to mimic the atmospheric processes over the Antarctic ice
sheet. However, the mechanisms affecting the surface mass balance over Antarctica are not yet fully
understood, constrained/parametrised by both climate models and reanalyses, which leads to biases in the
representation of the Antarctic climate. This is not trivial, since these models are used to estimate the
contribution of the AIS to sea level rise.

Therefore, an adequate representation of snow accumulation over the continent by the driving reanalyses is
crucial. In that context, we evaluate the performance of four reanalyses: ERA-5 and ERA-Interim, CFSR, and
MERRA-2 applied over Antarctica. Model outputs of accumulation are compared against observational
datasets of surface mass balance (satellite records, in-situ stake measurements and ice cores, and
reconstructions).

All reanalyses are able to capture the high accumulation event signals related to atmospheric rivers visible
in 2009 and 2011 in Dronning Maud Land, but ERA-5 and ERA-Interim show the smallest bias in
accumulation. Reanalyses display a correct representation of the large-scale accumulation patterns over the
continent, but an underestimation of the surface mass balance at the coastal sites and the Antarctic
Peninsula exists for Era-Interim and ERA-5. For inland sites, a good representation is achieved, apart from
some limited locations which show an overestimation of the accumulated snow amount. MERRA-2
accumulation is best resolved over the coast but displays a general tendency to overestimate surface mass
balance and CFSR displays a general underestimation of accumulation compared to the snow accumulation
dataset.
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Validation of reanalysis Southern Ocean atmosphere trends using sea ice
data

Will Hobbs>** Andrew Kleicocuik'?, Yuhang Pan?

IAustralian Antarctic Program Partnership, Hobart, Australia, 2University of Tasmania IMAS, Hobart, Australia,
3Australian Antarctic Division, Kingston, Australia, *ARC Centre of Excellence for Climate Extremes (CLEX), Hobart,
Australia

Reanalysis datasets are an essential tool for characterising the state, variability, and recent changes of the
atmosphere over the data-sparse Southern Ocean. They are important not just for meteorological research,
but also for understanding ocean and sea ice changes, and for interpreting ice core records. However,
different reanalyses show markedly different trends over the last four decades, and in ocean regions with
no long-term in situ records it is difficult to validate such trends.

In this research, we use a novel analysis based one the expected coherence between surface air
temperature and sea ice trends, to compare long-term changes in 8 different reanalysis products. Our
analysis shows a surprising spread between the reanalyses in their sea ice-atmosphere coupling, with
surface air temperature trends ERA5 and NOAA 20CRv3 products having the most consistent relationship
with observed sea ice trends
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Ice flow velocity on Pine Island Glacier with offset-tracking technique

Filipe Idalino?, Katia Kellem Da Rosa?, Claudio Wilson Mendes Junior?, Fernando Hilebrand?, Jefferson Simdes?

1CPC-UFRGS, Porto Alegre, Brazil

This study analyzes the variability of surface flow velocity at 100 km inland of Pine Island Glacier (PIG), West
Antarctica, during the 2014—2019 period. To determine the ice flow velocity variability, an offset-tracking
technique was applied in sequential pairs of SAR images from Sentinel-1A (data acquired from Novembers),
and a Digital Elevation Model (DEM) of TanDEM-X data. We detect a progressive acceleration of ice flow
were glacier speed increased by up to 9.6% during the period. Wide fractures that propagate parallel to ice
flow direction are identified in crevasses mapping. This fracture patterns identified throughout the study
area contributed to identify the direction of flow. The contemporary increase in ice velocity of PIG suggest a
continual thinning and ocean-driven changes of the glacier. These results corroborate with previous studies
in West Antarctica and can be an indicator of environmental changes that occur in the Amundsen Sea
region.
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Recent Antarctic climate change and its possible causes

Seong-joong Kim?!, Sang-Yoon Jun?, Joo-Hong Kim?, Baek-Min Kim?, Hataek Kwon?
IKorea Polar Research Institute, Incheon, South Korea, ?Pukyong Nation University, Busan, South Korea, 3Seoul National
University, Seoul, South Korea

Since the year 1957, the Antarctic surface temperature has shown a substantial warming in the Antarctic
Peninsula (AP) and west Antarctica, but there is little temperature change in east Antarctica (EA) and even a
slight cooling trend. Although this asymmetric feature is well recognised, its origin remains poorly
understood. By analysing observation data and multi-model results, this east and west Antarctic climate
asymmetry is amplified in austral winter, originated from the ocean temperature over the Amundsen—
Bellingshausen seas and the Antarctic terrain. The warmer ocean temperature over the West Antarctic
sector has positive feedback, with an anomalous upper-tropospheric anti-cyclonic circulation response
centred over West Antarctica, in which the strength of the feedback is controlled by the Antarctic
topographic layout and the annual cycle. The cooling in east Antarctica is associated with the increase in sea
ice that is caused by both changes in sea ice dynamics and thermodynamics. Since 2000s, there is a cooling
trend in the Antarctic peninsula, while warming trend in east Antarctica, that seems to be caused by
weakening of polar vortex in stratosphere.
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Understanding observed trends and future projections of the Southern
Ocean warming and sea level change

Kewei Lyu?, Xuebin Zhang?,John Church?
ICentre for Southern Hemisphere Oceans Research (CSHOR), CSIRO Oceans and Atmosphere, Hobart, Australia, °Climate
Change Research Centre, University of New South Wales, Sydney, Australia

The Southern Ocean is one of the key regions absorbing the excess heat stored in the climate system due to
anthropogenic warming with important implications for global and regional sea level change. Historical
datasets and climate model simulations show some common features of the Southern Ocean climate
change including the rapid warming along the mid-latitude band and the meridional dipole structure of sea
level changes with faster (slower) sea level rise at middle (high) latitudes. Firstly, we combine observations
and climate model simulations to identify climate drivers of the observed changes. While the historical
changes (e.g., since 1960) could be mainly attributed to the anthropogenic forcing, the much larger changes
occurred over the recent Argo period (since 2006) are largely due to the internal climate variability that is
partly connected to the tropical forcing. Secondly, we explore the impacts of model mean state biases on
future projections. Most of the CMIP5 models show equatorward biases in their simulated Southern Ocean
westerly winds, which have been improved in CMIP6. For those models with the westerly winds biased
more equatorward, the boundary between the subtropical gyres and the ACC where the projected ocean
warming peaks is also located further equatorward. Larger poleward shifts of the westerly winds and the
subtropical gyres are also projected, accompanied by larger magnitudes of ocean warming and sea level
changes. Thirdly, we estimate the time when the future sea level change signal will exceed the range of
internal variability, i.e. Time of Emergence, in the Southern Ocean.



1418

Heat and carbon pathways between the atmosphere and Southern Ocean
over the 21st century under the RCP8.5 scenario

Eric Mortenson?, Andrew Lenton®?3, Tom Trull*?, Elizabeth Shadwick?3, Xuebin Zhang®*, Matt Chamberlain®
ICommonwealth Scientific And Industrial Research Organization (CSIRO), Hobart, Australia, Australian Antarctic
Program Partnership (AAPP), Hobart, Australia, 3The Centre for Southern Hemisphere Oceans Research (CSHOR), Hobart,
Australia

The global oceans are a major sink of anthropogenic CO, and heat. This oceanic uptake impacts the ocean
through changes to its chemistry and temperature. This study explores when, where, and how the pathways
for oceanic uptake of heat and carbon will diverge in the “Business-as-Usual” (RCP8.5) scenario of
atmospheric CO, changes over the 21st century. To account for mesoscale processes we used the 0.1°-
resolution Ocean Forecasting Australia Model.

Regionally, the southern hemisphere oceans are projected to account for about 40% (for heat) and 55% (for
carbon) of the global ocean surface uptake, and more than half of the subsurface storage for both heat
(~50%) and carbon (60%), over the 21st century. In terms of oceanic effects of heat and carbon south of
40°S, a decrease in the mean annual sea surface pH (from 8.05 to 7.72) and an increase in mean annual SST
(from 6.1 to 7.7°C) are projected by 2100. The ocean south of 40°S will continue to be the major hotspot for
both heat and carbon uptake throughout this century, whereas the largest changes in southern hemisphere
heat and carbon storage occur in the subtropics (10 to 40°S). This work highlights both the importance of
the Southern Ocean to atmospheric removal of carbon and heat and therefore climate change, and the
regional differences in uptake and storage. Clearly understanding and quantifying these changes is essential
for current and future research on the impacts of climate change on the marine environment.
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SO-CHIC: South Ocean Carbon and Heat Impact on Climate

Joseph Nolan?!, Amélie Lecornec?, Renuka Badhe?, Jean-Baptiste Sallée?
1European Polar Board, The Hague, The Netherlands, 2Sorbonne Université, Paris, France, 3Sorbonne Université, CNRS,
LOCEAN, Paris, France

SO-CHIC (2019-2023) is a project funded by the EU’s Horizon 2020 programme with 15 partners from 10
countries.

The Southern Ocean (SO) regulates global climate, controlling heat and carbon atmosphere-ocean
exchanges. Rates of climate change on decadal timescales depend on processes taking place in the SO, of
which little is known. Limitations come from a lack of observations and the SQO’s sensitivity to intermittent
small-scale processes poorly captured in Earth system models. To reduce climate prediction uncertainties,
SO-CHIC aims to understand and quantify SO heat and carbon budget variability by investigating key
processes controlling atmosphere-ocean-sea ice exchanges with observational and modelling approaches.
SO-CHIC will:

Initiate sustained monitoring of SO heat and carbon budgets, quantifying fluxes at the air-sea-ice interface
and estimating interannual heat and carbon storage variability.

Improve understanding of the spatial distribution and variability of heat and carbon exchanges between the
atmosphere and the deep ocean, focusing on the dynamics of the ocean mixed-layer and its relation to sea
ice distribution, and assessing the causes of the Weddell Polynya in 2016 and 2017, over 40 years since its
previous occurrence.

Improve understanding of bottom water formation and export in the Bottom Boundary Layer and propose
new strategies to represent such key processes — major shortcomings of current models.

Identify critical SO climate system sensitivities that must be correctly represented in models to reduce
uncertainties in future oceanic heat and carbon projections.

Enable free and open access to all data, maximising impact on IPCC reports, climate services, and climate-
model groups.
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The commitment to global sea level rise over the next 500 years

Steven Phipps?, Jason Roberts?
IUniversity Of Tasmania, Hobart, Australia, ?Australian Antarctic Division, Kingston, Australia

Within Australia alone, more than A$226 billion of coastal infrastructure is vulnerable to the anticipated rise
in sea level by the end of the century. The IPCC Fifth Assessment Report concluded that the likely increase in
global-mean sea level during the 21st century ranges from 26-55 centimetres (under the low-end RCP2.6
climate scenario) to 45-82 centimetres (under the high-end RCP8.5 climate scenario). However, subsequent
modelling studies have demonstrated the potential for the Antarctic Ice Sheet to undergo irreversible
collapse during the coming centuries. Sea level increases of up to 2.5 metres are therefore possible by the
end of the 21st century.

Here, we combine climate modelling and ice sheet modelling to explore the evolution of the Antarctic Ice
Sheet over the next 500 years under a range of climate scenarios. We run the models many times to
account for gaps in our understanding of ice sheet dynamics, using our knowledge of past changes in the
Antarctic Ice Sheet to identify the configurations that are plausible. This allows us to generate robust
projections of the Antarctic contribution to global sea level from the present to the year 2500, complete
with quantified confidence intervals.

We conclude that the sea level contribution during the 21st century will be modest, consistent with the IPCC
Fifth Assessment Report, but that melting of the Antarctic Ice Sheet will accelerate thereafter. We also
conclude that previous studies have underestimated the range of uncertainty in projections of future global
sea level rise.
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Contrasting responses of marine and land-terminating glaciers to recent
climate variations in King George Island, Antarctica

Katia Kellem Da Rosa?, Cleiva Perondi', Rosemary Vieira?, Felipe Daros Idalino?, \Manoela Aratjo Gongalves
de Oliveiral, Julia Lopes Julia Lorenz?, Jeffrey D Auger?, Jefferson Cardia Sim&es!

ICentro Polar e Climdtico, Universidade Federal do Rio Grande do Sul -UFRGS, Porto Alegre, Brazil, >LAPSA, Universidade
Federal Fluminense, UFF, Niterdi, Brazil

In this study, we aim to analyze the marine-terminating glaciers in King George Island (KGlI) (Antarctica)
between 1956 and 2019. Glacial fluctuations are estimated using spaceborne remote sensing data (SPOT,
Landsat, PlanetScope, Sentinel-1, Sentinel-2, WorldView-2, and TanDEM-X). The KGI witnessed continuous
glacier retreat during 1979-2019, but the new land-terminating glaciers showed a deceleration in 2000-
2019 in comparison to previous years (1988-2000). Seven marine-terminating glaciers changed to land-
terminating condition since 1979. The accumulation area ratios (AARs) exhibiting negative mass balances.
The winter air temperature was cooler during the 1970s with warming trends in the 1980s and early 2000s
followed by a cooling trend until the present day. However, the annual time series has shows high
interannual variability in air temperature during these periods. We show that the AAR, dimensions, length,
frontal elevation, maximum elevation, slope, and changes in the terminus position influence the glacier
response to climate change at different timescales. Furthermore, three geomorphic activity intensity zones
and a complete paraglacial sequence are identified while contrasting the proglacial systems.
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Evaluating Antarctic precipitation in ERA5 and CMIP6 against CloudSat
observations

Marie-Laure Roussel®, Florentin Lemonnier!, Christophe Genthon?, Gerhard Krinner?
ILaboratoire de Météorologie Dynamique, Paris, France, ?Institut des Geosciences et de I'Environnement, Grenoble,
France

Surface total precipitation — the main positive term in the antarctic ice sheet mass balance — as well as
temperature are projected to increase in the future according to global climate models. Sparsity of
observations — due to the unpropitious environment for instrumentation — limits our confidence in
numerical atmospheric models in the South pole region. Therefore, satellite-based observations are valued
data that make it possible to evaluate recent models outputs : the CMIP6 (Coupled Model Intercomparison
Project phase 6) ones have just been provided allowing an assessment of their progress regarding the
previous phase with various setups. The reference for snowfall is the first snowfall climatology map for
Antarctica — based on the CloudSat satellite Cloud Profiling Radar - produced (Palerme et al. 2014) at the
surface - completed recently (Lemonnier et al. 2019) on its vertical dimension. Results from the reanalyses
ERAS of the ECMWEF are evaluated because they are often used as a reference in regions where there is a
lack of observations.

At continental and regional scales, ERA5 and CMIP models median are biased high. However, there are less
models outputs with large overestimations in CMIP6, and the seasonal cycle is well reproduced by the
median of the CMIP models — but not by ERAS5. From all the configurations evaluated, amip ones perform
better than historical. Relative errors in areas of complex topography are higher in the higher resolution
models that is unexpected. No significant improvement are shown from CMIP5 to CMIP6 despite near-
surface temperature enhancement.
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Present and future of rainfall over Antarctica

Marie-Laure Roussel', Etienne Vignon?, Christophe Genthon?, Alexis Berne?
ILaboratoire de Météorologie Dynamique, Paris, France, Ecole Polytechnique Fédérale de Lausanne, Lausanne, Suisse

Rainfall events in Antarctica are not well referenced and currently not the subject of a major attention. This
is because its proportion — both in terms of occurrence and quantity with regards to the solid phase of
precipitation — and mainly its impact on the surface mass balance of the ice sheet is very low.

However, rainfall events can cause serious damages on the Antarctic fauna and they can play a major réle in
snowmelt events by preconditioning the snow surface.

Making use of statistics base on in-situ observations, we show that rainfall events can occur along a large
part of the Antarctic edge, and they can sometimes even protrude further inland. Thanks to those data we
could evidence an under-estimation of Antarctic rainfall occurrence in the ERA5 reanalyses. We further
attempted to characterize Antarctic rainfall with remote-sensing methods but the limitation of the current
products preclude any robust conclusion.

To better predict the effect of climate change on Antarctic rainfall, the recent releases of simulations from
the CMIP6 (Coupled Model Intercomparison Project) models are then used to study the evolution of rainfall
under different climate scenarios. The overall increase in temperature and precipitation on the ice cap is in
agreement with previous study using CMIP5 models but we further show a significant increase in the
amount and occurrence of liquid precipitation over a large part of the ice sheet. In addition, we provide a
detailed analysis on the regional pattern and on the seasonal cycle of the liquid precipitation.
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Identification of a possible channel in the trajectory of air masses between
Subtropical South America and Antarctica in 2016 and 2017

Francisco Aquino?!, Ronaldo Bernardo?, Venisse Schossler?, Pedro Reis?, Jefferson Sim&es?, José Griebler

Junior?
1UFRGS - Centro Polar e Climdtico, Porto Alegre, Brazil

This study explores interactions between the Antarctic and South American (SA) air masses and a snow pit
located in Criosfera 1 (C1 - 84°S 79° 29' 39"0), between 2016 and 2017. This interaction was responsible for
precipitation events in southern Brazil (SB). The period studied stands between the three global warmest
years, as well as being the third and fourth in SA, respectively. The rain was collected in the city of Porto
Alegre with a Palmex RS1 sampler; snow samples were collected a 2.5 meters depth snow pit in December
2017 (C1). The oxygen isotope ratios were determined by Cavity Ring-Down Spectroscopy (Picarro system).
were analyzed the geopotential height fields, wind vectors, temperature and precipitable water at 925, 850,
500 and 200 hPa (monthly and seasonal), using ERA5 Reanalysis data. The polar fronts associated with low
and high level atmospheric circulation strengthened convection and the development of severe storms in
the SB. Three sources of moisture are associated with this mechanism: Amazonian Forest, South Atlantic
Ocean and Antarctica/Weddell. A contrast of temperature was observed with the circulation of air masses,
channeled between La Plata Basin/SB/SA and the Antarctic Peninsula/Weddell, increasing the storms in the
SB and the trench in C1 (by the isotopic signal). The 6180 values found in precipitation show high variability,
from-2.93 %o to  -9.80 %0 and show the different sources of air masses and seasonal signal
(summer/winter)in Porto Alegre; and seasonal signal of -30.93 %o (summer); and up to -45.80 %o (winter) on
site C1.
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Observing System Experiments in the Antarctic with the Antarctic
Mesoscale Prediction System (AMPS)

David Bromwich?, Jordan Powers?, Kevin Manning?, Xun Zou*
10hio State University/Byrd Polar & Climate Research Center, Columbus, United States, ?National Center for Atmospheric
Research, Boulder, United States

The Year of Polar Prediction in the Southern Hemisphere (YOPP-SH) had a Special Observing Period (SOP)
that ran from mid-November 2018 to mid-February 2019. The goal of YOPP-SH is to advance environmental
prediction capabilities for the Antarctic and Southern Ocean region. Around 2200 additional radiosondes
and an enhanced drifting buoy network in the Southern Ocean were deployed for this austral summer SOP.
Here, the impact of the additional radiosondes on the forecast skill of the Antarctic Mesoscale Prediction
System (AMPS) is examined with Observing System Experiments. Forecasts are run with and without the
additional radiosonde profiles in the model initialization; satellite radiances were not assimilated for this
initial evaluation. This study launched 72h experimental forecasts from ensemble mean analyses that
initialized at 0000 and 1200 UTC each day for 52 days (December 28, 2018 — February 17, 2019). Results
show that the additional radiosondes yield the greatest forecast improvement for deep cyclones near the
Antarctic coast, specifically over Amundsen-Bellingshausen Seas and King Haakon VII Sea. Averaged for
January 2019, surface pressure and upper level geopotential height are the variables that had the most
improvement, followed by the 10m wind speed and 2m temperature over Antarctica. In the next project
phase, a refined data assimilation approach will be adopted for the experimental run and satellite radiances
will be assimilated. The experimental run will also be extended to span the entire SOP, and more case
studies will delve into the causes of the wide range of forecast behavior exhibited.
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The influence of the oceanic mesoscale on the lower atmosphere

Mylene Cabrera?, Luciano Pezzi*, Ueslei Sutil', Jonas Carvalho!, Marcelo Santini’, Celina Rodrigues
INational Institute for Space Research, Séo José dos Campos, Brazil

The influence of the oceanic mesoscale on the lower atmosphere in the high latitudes regions, the Drake
Passage, the Bellingshausen Sea and the western region of the Weddel Sea, was analyzed in this work
through the regional numerical simulations using the Coupled Ocean Atmosphere Wave Sediment Transport
(COAWST) Modeling System. The COAWST system components used were: the atmospheric model Weather
Research and Forecasting (WRF), the ocean model Regional Ocean Modeling System (ROMS) and the Sea Ice
Model. The simulation period was one month, November 2019, simultaneous to in situ measurements
made by the AnTarctic Modeling Observation System (ATMOS) project. The field experiment was developed
during Phase Il of the Antarctic Operation XXXVIII (OP38). The in situ data, reanalysis data, and satellite
images were used to verify the model's ability. In addition, the Locally Weighted Smoothing (LOESS) filter
implemented within COAWST was used, to remove high frequency from sea surface temperature (SST)
before it is passed to the atmospheric model. Thus, in this work, first we will present COAWST as a useful
tool for studies of ocean-atmosphere-sea ice interaction in high latitude regions. Also, demonstrate how
positive SST perturbations can lead to positive perturbations on the lower atmosphere momentum, sensible
and latent heat fluxes perturbations. These positive perturbations influenced the development and stability
of the marine atmospheric boundary layer (MABL), causing a more unstable and deeper MABL than the
observed over the negative SST perturbations.
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Ocean wave climate on Bransfield Strait

Jonas T. Carvalho!, Luciano P. Pezzi!, Ronald Buss Souza', Marcelo Santinit, Joey Voermans?, Claudia
Parise?, Eliana Rosa?, Ueslei Sutil', Manuel Victor?, Giullian Reis?, Celina Rodrigues?, Bruna Pavani®, Regiane
Moura?, Fabiane Furlan?® Joel Rubert!, Gabriel Munchow* Mylene Cabrera®

linpe, Cachoeira Paulista, Brazil, 2University of Melboune, Melbourne, Australia, 3Universidade Federal do Maranhéo, Séo
Luis, Brazil, *Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil, °Instituto Tecnologico da Aeronautica, Séo
José dos Campos, Brazil

The Bransfield Strait, located between the South Shetland Islands and the north of the Antarctic Peninsula,
is on the edge of the seasonal sea ice cover, and is a region of access to scientific research bases, being
important the knowledge of the wave climate in this area to study the interaction of this physical
phenomenon with sea ice and icebergs, as well as for navigation safety. To characterize preliminary the
wave climate in the region, a global simulation with WW3 (25 km of spatial resolution) was carried out from
1998 to 2019, with two points selected for analysis of the main waves parameters, the significant wave
height (Hs), peak period (Tp) and peak direction (Dp). One of these points refers to the buoy location (P1 -
58.162W, 62.199S) close to Almirantado Bay (King George Island). The other point is located in a central
region of the Strait (P2 - 57.882W, 62.5329S). In P1, the most intense wave systems (99th percentile) were
from E-SE during summer and autumn, with some cases from S-SW during summer and E-NE during winter
and spring. In P2, the most intense wave systems were from W-SW, with larger number of cases in June and
September. A higher resolution simulation over the Strait region was done during the buoy record period,
showing correlation of 0.81 and RMSE of 0.54. The WW3 model simulations followed the oscillations
presented by the buoy, understimating Hs values, probably due to the choice of the atmospheric forcing.
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Autonomous Observations of the Atmospheric Boundary Layer Over Ice
Sheets and Sea Ice

John Cassano?
IUniversity Of Colorado, Boulder, United States

Unmanned aerial systems (UAS) and automatic weather stations (AWS) have been used to study the
atmospheric boundary layer in the polar regions. AWS observations from a 30 m tower on the Ross Ice
Shelf, Antarctica have been made since 2011. Six field campaigns, using small UAS, have been conducted
throughout the annual cycle and over ice sheet, sea ice and bare ground locations in the Antarctic from
2012 to 2017. The AWS and UAS data capture a wide range of boundary layer conditions including strongly
stable, very shallow boundary layers, shallow wind-mixed boundary layers, and deep convective boundary
layers. Analysis of this data offers insights into the processes that control the thermodynamic state of the
lower atmosphere and how the atmosphere interacts with the underlying ice surface. Examples illustrating
the range of boundary layer states will be presented. This presentation will conclude with a discussion of a
new 30 m AWS that will be installed in West Antarctica as well as present initial results from UAS flights
conducted over the central Arctic in late-winter as part of the MOSAIC (Multidisciplinary drifting
Observatory for the Study of Arctic Climate) expedition.
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Recent trends in the variability of Southern Hemisphere polar jet and its
position based on CMIP6 models

Sheeba Chenoli*?, Muhammad Yunus Bin Ahmad Mazuki?, Azizan Abu Samah'?
IDepartment of Geography, , University Malaya, Malaysia, ?National Antarctic Research Centre, University of Malaya, ,
Malaysia

Poleward shift and strengthening of southern hemispheric jet streams are significant feature in southern
hemisphere climate under future scenario of increased greenhouse gas concentrations. In this study, we
utilised recently available models (27) from the World Climate Research Programme’s phase 6 of the
Coupled Model Intercomparison Project (CMIP6) to assess the diversity in the historical changes in the
speed and meridional location of the polar front jet (PFJ). We used the ERAS reanalysis dataset to evaluate
the historical simulations of the polar jet stream by the CMIP6 models for the period 1979-2014. Based on
the climatology of the PFJ from ERA-5, we selected the area of study as 40-70°S and from 400 hPa to 100
hPa to reduce altitude related bias. In order to assess the changes of the jet streams in terms of strength
and the shift in the location, we performed a three dimensional analysis on CMIP6 model output.

Based on ERAS data, PFJ shows significant annual strengthening at 1.374 ms-1decade-1 and poleward shift
of 0.168 °/decade. Trend in the seasonal averages of wind speeds varies from 4.439 to 6.508 ms-1decade.
Seasonal averages show a poleward shift from 0.976 to 1.512 °/decade.

The historical simulations of the CMIP6 models show a wide range of trends in meridional location and jet
strength. 96% of the models show annual strengthening of PFJ while 89% of the models show annual shift
towards the pole. Most significant strengthening is observed during the month of September, October and
November
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Record warming at the South Pole during the past three decades

Kyle Clem?, Ryan Fogt?, John Turner?, Benjamin Lintner®, Gareth Marshall®, James Miller*, Anthony Broccoli?,
James Renwick?®

Wictoria University Of Wellington, Wellington, New Zealand, 2Ohio University, Athens, USA, 3British Antarctic Survey,
Cambridge, UK, “Rutgers University, New Brunswick, USA

Over the last three decades the South Pole has experienced a record-high statistically significant warming of
0.61 + 0.34°C per decade, more than three times larger than the global average. Using an ensemble of
climate model experiments, we find this recent warming lies within the upper bounds of the simulated
range of natural variability. The warming resulted from a strong cyclonic anomaly in the Weddell Sea caused
by increasing sea surface temperatures in the western tropical Pacific, which, coupled with a positive
polarity of the Southern Annular Mode, advected warm, moist air from the South Atlantic into the Antarctic
interior. These results underscore the intimate linkage of interior Antarctic climate to tropical variability.
Further, this study shows that atmospheric internal variability can induce extreme regional climate change
over the Antarctic interior, which has masked an anthropogenic warming signal there during the 21st
century.
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Development of an Antarctic Regional Climate Centre (RCC) network

Steven Colwell!, Scott Carpentier?
1British Antarctic Survey, Cambridge, United Kingdom, Australian Bureau of Meteorology, , Australia

World Meteorological Organisation (WMO) RCCs are centres of excellence that operationally generate
regional climate products including climate monitoring and prediction in support of regional and national
climate activities and thereby strengthen the capacity of WMO Members in a given region to deliver better
climate services to national users. While all WMO RCCs are required to fulfil certain mandatory functions,
the RCC concept includes flexibility to accommodate specific regional needs, capabilities and limitations.
The concept also provides options to implement a single multi-functional entity or a distributed-function
RCC-Network collaboratively implemented by a number of interested hosts.

The Arctic RCC network https://arctic-rcc.org/ is currently in a demonstration phase and an Antarctic RCC is
being proposed based on the lessons learned from setting up the Arctic RCC network. A scoping workshop
was held in Bologna in October 2019 and the outcomes of this workshop and the next stages for the
development of the Antarctic RCC network will be presented.
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Difference in the annual snow accumulation rate between the Antarctic
Peninsula and West Antarctica in the period 1981-2007

José Mauro Dalla Rosa?, Jefferson Simdes?, Francisco Aquino?, Pedro Reis?, Mariuz Potocki?, Isafas Thoen?
ICentro Polar e Climdtico/Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil, ?Climate Change
Institute/University of Maine, Orono, USA

We have investigated the variability of the net snow accumulation rate from 1981 to 2007 using two
shallow ice cores, one from the Antarctic Peninsula (PA) [Detroit Plateau - 64°05’07"S, 59°38’42” W; 1,937
m a.s.l.] and other from the West Antarctica [Mount Johns - 79°55’S, 94°23’W; 2,100 m a.s.l.]. On the
Detroit Plateau, only ~40 km from the west coast of the PA, the annual net snow accumulation rate was
2.44 m in water equivalent (w.eq.) showing a trend of +0.036 m a-1 in the period. On Mount Johns, a site
within the West Antarctic ice sheet and about 600 km from the coast, the annual net snow accumulation
rate was 0.23 m in w.eq. and without a statistically significant trend. The Amundsen Sea Low (ASL) is the
main driver of the variability of snow precipitation between the PA and the West Antarctic ice sheet. The
positive trend of the Southern Annular Mode (SAM) in recent decades and strengthened ASL, increased
cyclonic activity and snowfall in the PA region. However, the spread of the El Nifio-Southern Oscillation
(ENSO) signal in the Southern Ocean, and the greater distance from the coast, contributed to the snow
precipitation remaining stable in the Mount Johns during the period.
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Climate from the McMurdo Dry Valleys, Antarctica, 1986 — 2017: surface
air temperature trends and examining seasonality

Maciej Obryk?, Peter Doran?, Andrew Fountain®, Maddie Myers?, Chris McKay*
Ilouisiana State University, Baton Rouge, United States, 2USGS, Vancouver, USA, 3Portland State University, Portland,
USA, “NASA Ames Research Center, Moffett Field, USA

The weather of the McMurdo Dry Valleys, Antarctica, has been continuously monitored since 1985 with
currently 14 operational meteorological stations distributed throughout the valleys. At present, data from
the Lake Hoare station represent the longest continuous (a short gap in 2012) record in the dry valleys and
arguably on the Continent. A comprehensive examination of trends in the dry valley record was published in
2002. We present here an update of the record, adding on another 18 years and extending the climatic
record to a period of 30 years in total. The mean annual air temperature and solar radiation in the
McMurdo Dry Valleys varied between -14.7°C and -29.6°C and between 72.1 W m-2 and 122.4 W m-2,
respectively. Air temperatures decreased from 1986 to 2006 at 0.7°C per decade at Lake Hoare, a trend that
was previously reported only until 2001. No apparent trend was detected after 2006.

Based on the shift in atmospheric stability and associated up-valley warming from the coast and concurrent
wind direction change, we propose to redefine summer season in the McMurdo Dry Valleys between
November and February. The newly-defined seasons are based on physical observations and also align
better with ecosystem ephemerality (productivity) in the region. Based on the physical process of up-valley
warming (i.e., atmospheric stability) driven by the solar radiation, our redefined seasonality is universal and
applicable to other ice-free regions in Antarctica.
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Sensitivity of the Ze-S relationship parameters to ice particle microphysics
using radar and in-situ observations at the coast of Adélie Land, East
Antarctica.

Claudio Durdn-Alarcén?, Brice Boudevillain?, Alexis Berne?, Christophe Genthon?, Irina V. Gorodetskaya®*
ICNRS, IRD, Grenoble INP Institute of Engineering, Université Grenoble Alpes , Grenoble, France, ?Environmental Remote
Sensing Laboratory, Ecole polytechnique fédérale de Lausanne, Lausanne, Switzerland, 3e, Sorbonne Université, Ecole
normale supérieure, PSL Research University, Ecole polytechnique, CNRS, LMD/IPSL, Paris, France, *Centre for
Environmental and Marine Studies, Department of Physics, University of Aveiro, Aveiro, Portugal

Solid precipitation is the main input in the surface mass balance of the Antarctic ice sheets. Its quantification
is complex due to the lack of data, difficult access on the field and the unsuitability of traditional gauges
under harsh weather conditions. Ground-based remote sensing has proven useful for studying Antarctic
precipitation, especially using precipitation radars (e.i. Gorodetskaya et al., 2015, Genthon et al., 2018). A
power law between the radar reflectivity factor (Ze) and the solid precipitation rate (S) has been used to
quantify snowfall. Currently, there are only two Ze-S relationships in Antarctica, parameterized using in-situ
observations at the Dumont d’Urville station (DDU) on the coast of Adélie Land (Grazioli et al., 2017) and at
the Princess Elisabeth station (PE) in the escarpment region of Dronning Maud Land (Souverijns et al., 2017)
and averaged over a range of local snowfalls with different properties. The relationship parameters are
highly dependent on the hydrometeor characteristics, which is particularly important when studying solid
precipitation, due to the high variability of ice particle microphysical properties (e.g. shape, size, density).
We use a unique dataset of two vertically-pointing micro-rain-radar observations with different vertical
resolutions (15 and 100 m), in-situ snowfall rate measurements and a multi-angle snowflake camera to
derive particle microphysics at DDU, provided by the APRES3-project. The analysis of the temporal
variability of the Ze-S relationship parameters will be presented as well as the dependency on ice particle
characteristics. This investigation is valuable to improve the interpretation radar-based measurements of
snowfall in Antarctica.
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The CO2 fluxes exchange between ocean and atmosphere at Austral Ocean

Celina Candida Ferreira Rodrigues?, Luciano Pezzi®, Marcelo Santini?, Nathaniel Brunsell?, Mylene Cabrera®
INational Institute for Space Research (INPE), Sdo José dos Campos, Brazil, ?University of Kansas, Lawrence, United States

The studies that increase knowledge of the ocean-atmosphere processes are important for weather forecast
improvements and for the studies of global carbon fluxes budget. The Austral Ocean plays a major role in
the global weather and climate, besides this area represents a significant global carbon sink area. The
objective of this work is to investigate the behavior of turbulent CO2 fluxes at high latitude under different
atmospheric and oceanic conditions, during the trajectories of research vessels to the Austral Ocean.
Meteorological data were collected by sensors installed in a micrometeorological tower (collected at high
and low frequencies) at the front bow of a research polar ship called “Almirante Maximiano”. The sampling
period was from November 07th to 21th, 2018 during the Antarctic Operation 37. The CO2 flux in the ocean
and atmosphere interface was calculated by the Eddy Covariance (EC) method. The wind data
measurements over the oceans need corrections prior to the estimation of fluxes, due to ship movement.
Statistical analyzes show a negative correlation between salinity and sea surface temperature with CO2
fluxes. So, the warm and salty waters in part of Drake Passage behaved more as CO2 Source. The cold and
less salty waters of the Bransfield Strait behaved more as CO2 sink. However, the atmosphere stability
conditions impact de CO2 fluxes as well, for the more stable (unstable) atmosphere the fluxes are directed
to the ocean (atmosphere). Although the atmosphere stability conditions impacts on CO2 fluxes, the sea
surface temperature effects are more significant.
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A large information network for all scientific communities.

Felipe Arturo Figueroa Quintero?
IFuerza Aérea Colombiana CETIA (Pasante) - Fundacidn Universitaria Los Libertadores, Bogota, Colombia

A few decades ago the result of the research of different scientific communities announced the news of
climate change and global warming, it is definitely taken by nations as a simple speculation and the image
projected by the scientific community that predicted abnormal climates and in constant change is only
aligned as a remote possibility, today this news is a reality; Temperatures in Antarctica that exceed 18.3 2C
have already been reported, we have lost 20% of ice on one of the islands in just 9 days, which leads to sea
level rising much more, we also see how wildlife The wild in the region has been affected by climate change,
and for many people it is usual to see snow every year in the Sahara, and these facts become normal or
"natural" facts.

For these reasons, the scientific community must have more support from governments and start making
global alliances that allow them to explore and share their knowledge with all regions, so that research can
be applied together.

Currently, agreements with Argentina are being developed in Colombia and in a joint exercise monitoring
stations have already been installed that allow access to different atmospheric measurements in real time,
however these measurements should not only be shared between the countries of the agreement, but that
they should be free consultation data, aiming in this way to create an international monitoring network with
which we can take the necessary measures in the race against global warming and climate change.
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Representation of Antarctic atmospheric boundary layer properties in the
NASA GEOS model framework

Manisha Ganeshan?, Yuekui Yang?
1USRA, Greenbelt, United States, °NASA Goddard Space Flight Center, Greenbelt, United States

Representation of Antarctic atmospheric boundary layer properties in the NASA Goddard Earth Observing
System (GEOS) model framework

Recent high-resolution dropsonde observations from the 2010 Concordiasi field campaign in austral spring
season show that surface-based inversions (SBIs) over Antarctica are frequently eroded, with well-mixed
boundary layers occurring 33% and 18% of the time in West and East Antarctica, respectively. In this study,
using the dropsonde observations, we evaluate the performance of the Modern-Era Retrospective analysis
for Research and Applications, version 2 (MERRA-2) in representing the Antarctic boundary layer
thermodynamic structure. Results show that MERRA-2 has a good overall representation of the Antarctic
surface stability and correctly predicts 82% of the SBIs. However, an underprediction of less stable boundary
layer occurrence, especially over the elevated East Antarctic plateau, is favored during conditions of
increased lower tropospheric stability associated with model dynamics, indicating difficulty in
parameterizing turbulence in very stable boundary layers. In addition, a lower tropospheric cool bias (first
model level and above) is observed in the MERRA-2 reanalysis, especially over West Antarctica, which
amplifies in the boundary layer during mixed conditions. The near-surface cold bias is most pronounced
when the model fails to predict mixed layers over West Antarctica and is expected to negatively impact the
representation of surface energy budget and melt processes. Results suggest that advances in modeling and
data assimilation as well as improvements in parameterizing turbulence in very stable boundary layers may
rectify the biases.
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Precipitation and atmospheric rivers from sub-Antarctic Chile to Antarctic
Peninsula: transition between rain and snowfall
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Atmospheric rivers (ARs) impact Antarctic surface mass balance through transport of anomalous heat and
moisture from subtropical regions. ARs reaching the Antarctic coast have a prominent impact on moisture
and wind profiles, representing an extreme state of the troposphere (Gorodetskaya et al., 2020). Antarctic
ARs have been linked to intense snowfall events (Gorodetskaya et al., 2014), a temperature record at the
Antarctic Peninsula (Bozkurt et al., 2018) and major surface melt events in West Antarctica (Wille et al
2019). On the Antarctic Peninsula, the surface mass balance can be especially sensitive to AR events during
summer, when surface temperatures vary around zero and frequent transitions occur between snow and
rainfall. We use radiosonde, cloud and precipitation measurements, along with reanalysis products, to
investigate the spatial and vertical structure of the ARs and impact on precipitation at the Antarctic
Peninsula. The data from two Year of Polar Prediction endorsed projects are used - the Characterization of
the Antarctic Atmosphere and Low Clouds (CAALC) project at King George Island and the Dynamics, Aerosol,
Cloud, And Precipitation Observations in the Pristine Environment of the Southern OCEAN (DACAPO-PESO)
project in Punta Arenas. We present case studies characterizing the temporal evolution of ARs, focusing on
thermodynamic and dynamic conditions, and cloud microphysical properties, accompanying the transition
between snowfall and rain. We also show the added value of increased frequency in radiosonde
observations in improving the forecast of weather conditions during ARs, particularly precipitation, which
have important consequences for air, ship and station operations in Antarctica.
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A new blowing snow scheme to represent snow transport at the surface
of the Antarctic Ice Sheet
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Current simulations of the Antarctic ice sheet surface mass balance are still uncertain since both
precipitation and blowing snow processes are poorly constrained and likely lead to inconsistencies
betweeen modelled and measured snow accumulation values. Here, we apply the PIEKTUK-B blowing snow
transport routine, developed for the Canadian prairies by Déry and Yau (2001), over coastal areas in East
Antarctica. This routine was tested with two sets of simulations: an offline simulation in order to evaluate
PIEKTUK-B as implemented in the land part of CESM (CLM4.5), and simulations with the coupled COSMO-
CLM2 model in which the horizontal transport of snow is taken into account as well as changes to the snow
surface properties.

Results indicate that (i) both off and online simulations display similar blowing snow occurrence at three
coastal locations, and (ii) the routine is able to reproduce the observed temporal variability in snowdrift
fluxes in Adelie Lan. The prescribed relation linking wind speed and aeolian snow transport is similar to that
of the observations, and in general the modelled transport discrepancies are a result of the
misrepresentaton of wind speeds by the COSMO-CLM2 model, although a tendency to overestimate the
observed transport rates at highest wind speeds is depicted.
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Wintertime wind-induced surface temperature anomalies in the Antarctic:
A climatology based on MODIS and regional climate model data

Guenther Heinemann?, Sascha Willmes?, Lukas Glaw?*
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It is well-known that katabatic winds can be detected as warm signatures in the surface temperature over
the slopes of the Antarctic ice sheets. For appropriate synoptic forcing and/or topographic channeling,
katabatic surges occur, which result in warm signatures also over adjacent ice shelves. Moderate Resolution
Imaging Spectroradiometer (MODIS) ice surface temperature (IST) data are used to detect warm signatures
over the Antarctic for the winter periods 2002—2017. In addition, high-resolution (5 km) regional climate
model data is used for the years of 2002 to 2016. We present a climatology of wind-induced IST anomalies
for the Ross Ice Shelf and the eastern Weddell Sea. The IST anomaly distributions show maxima around 10—
15K for the slopes, but values of more than 25K are also found. Katabatic surges represent a strong
climatological signal with a mean warm anomaly of more than 5 K on more than 120 days per winter for the
Byrd Glacier and the Nimrod Glacier on the Ross Ice Shelf. The mean anomaly for the Brunt Ice Shelf is
weaker, and exceeds 5K on about 70 days per winter. Model simulations of the 2m-temperature, IST and
10m-wind are compared to the MODIS IST and automatic weather stations. Overall, show a very good
agreement of the model data with observations is found. The model data show that the near-surface
stability is a better measure for the response to the wind than the IST itself.
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High-resolution regional climate model simulations using CCLM for the
Weddell Sea region of the Antarctic: Verification and near-surface climate

Guenther Heinemann?, Rolf Zentek!
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The non-hydrostatic regional climate model CCLM was used for a long-term hindcast run (2002-2016) for
the Weddell Sea region with resolutions of 15 and 5 km. CCLM was nested in ERA-Interim data and used in
forecast mode. Two different turbulence parametrizations are used for the stable boundary layer. The
performance of the model was evaluated in terms of temperature and wind using data from Antarctic
stations, AWS over land and sea ice, operational forecast model and reanalyses data, and lidar wind profiles.
For the latter comparisons, CCLM was used with 1km resolution. Overall, CCLM shows a good
representation of temperature and wind for the Weddell Sea region. An extended period of 2002-2019 was
used to investigate the near-surface climate in the Weddell Sea region, including the surface energy balance
(particularly of coastal polynyas), katabatic winds, barrier winds at the Antarctic Peninsula (AP) and foehn
winds at the AP.
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Large-scale feature of surface-based inversion layer over the traverse
route from Syowa to the Antarctic interior in cold season
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Suface-based temperature inversion layer on the Antarctic ice sheet is a typical feature. Phillpot and Zillman
[1970] estimated the distribution of the inversion intensity on the ice sheet as an average field from June to
August based on the limited observation data. Since then, there have been few new collective observations
that can update their figure, so their result is still cited as observation that represent the characteristics of
the inversion layer in winter. This situation will continue for some time, but continuing to collect
observational data that can be compared to their result is necessary to update the knowledge. On the other
hand, the accuracy of numerical models has improved remarkably, Antarctic Meso-scale Prediction System
(AMPS) using the Weather Research and Forecasting Model (WRF) has been carried out, and it has also
been used for meteorological mechanism analysis and climate analysis. For such numerical models,
validation regarding the reproducibility of the inversion layer on the Antarctic ice sheet is one of the points
of interest.

In spring season, we carried out radiosonde observation during a traverse from Relay Point to Syowa Station
in 2018 and from MD78 to Syowa in 2019. In this presentation, we describe the characteristics of the cross-
sectional structure of the inversion layer along the traverse route, and discuss the new facts with some
comparable results derived from a numerical model.
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Early indications of anomalous behavior in the 2019 spring ozone hole
over Antarctica
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The quasi-stationary planetary wave (QSW) activity in the Antarctic winter stratosphere provides insights
into the likely behavior of the ozone hole in the following spring months. Observation of anomalously large
amplitude of the winter stratospheric temperature QSW serves as an indicator that strong disturbances to
the polar vortex are likely to occur. These disturbances may lead to large reductions in both the area of the
Antarctic ozone hole area and the overall amount of stratospheric ozone that is depleted. In the sudden
stratospheric warming preconditions in 2019, the maximum QSW amplitude over Antarctica in August was
approximately 12 K, which was only 2 K less than conditions prior to the unprecedented historical major
Antarctic sudden stratospheric warming in 2002. Under these conditions, the Antarctic sudden stratospheric
warming in 2019 had the potential to become an unusual event, which has been confirmed by the satellite
ozone observations in September-October. The additional factors disturbing the Antarctic stratosphere in
2019 was anomalously warm sea surface temperatures in the central tropical Pacific Ocean and western
Indian Ocean, and the descending easterly phase of the Quasi-Biennial Oscillation (QBO). The combination
of these factors — the large amplitude of the QSW, the warm tropical sea surface temperatures and
transitioning phase of the QBO — created the potential to cause the early disruption of the ozone hole and
reduce the overall level of ozone depletion in 2019. This event probably brought important regional
anomalies in weather conditions in the Southern Hemisphere.
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Where are all the Foehn impacted coastal regions of Antarctica?
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Intense warming events that are driven by intra-seasonal mesoscale weather variability cause seasonal
streams to flood in the Dry Valleys and ice shelf melt in the Antarctic Peninsula. The Antarctic coastline
topography acts to ground warm Foehn induced air masses impacting the near surface air temperatures.
Due to Antarctica’s complex topographic coastline and difficulty to numerically resolve or observe
mesoscale weather circulation patterns at the continental scale, we hypothesize that Foehn induced
warming is impacting most of the Antarctic rugged coastline and is gone undetected so far.

We have developed and validated an Antarctic wide near-surface AIR temperature dataset (AntAlIR) at a
daily and 1km resolution, which was based on statistical learning from satellite and in-situ observations
suitable for mesoscale climatological analyses. AntAIR was used successfully to detect some of the Dry
Valley Foehn cases that were independently verified with regional climate model outputs. Results show
valley-wide warming patterns associated with Foehn that are distinct from patterns associated with surface
radiative cooling in winter or solar warming in summer. We are also developing sub-kilometre land surface
temperature datasets that take advantage of MODIS’s daily resolutions and LandSat’s high spatial
resolutions, which will become useful for localized warming impacts on the terrestrial landscape. With the
scarcity of Antarctic weather stations and the costs involved in developing numerical simulations at
mesoscale resolutions, we propose that both AntAIR and newly developed automatic Foehn detection
algorithms can be used to discover new areas impacted by extreme warming.
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Current state of snow cover in the area of Ukrainian Antarctic research
base "Academician Vernadsky"
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The paper analyzes the results of comprehensive observations of the snow cover in the area of the
Ukrainian Antarctic research base "Academician Vernadsky" for 1986-2019.

It has been established that the formation of a snow mass of 2-3 m high in the region occurs under relatively
warm conditions (average January temperature of 0.7 °C, the sum of the temperatures of the winter
months is -23.7 °C) and during long (6-7 months) winter. Because of it, snow falls wet, its temperature is
close to 0 °C, the dynamic factor increases its density to 0.5 g/cm3 and higher.

The analysis showed a shift of the snow cover existence period in the study area to a later date, while its
duration remains stable. The seasonal component (annual cycle) with a period of 366.04 days (which
explains the shift) describes 58% of the total variability, and the long-period (period of 11 years) - 17.6%.
The increase in snow depth by the monthly section turned out to be a very informative and promising
characteristic.

The delving of snow cover revealed the following features: during the snow accumulation season, the 6-7
permanent layers are usually formed during the season, although in some unstable winters their number
may be greater. These layers are formed during specific time intervals, close in different years, under the
influence of certain synoptic formations; the snowmelt period is characterized by 3-4 stable periods; an
avalanche-hazardous layer of insignificant vertical thickness is formed during the period of maximum snow
growth (July-August).
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Recent weakening of southern stratospheric polar vortex and its impact on the surface climate over
Antarctica
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Variability of southern stratospheric polar vortex (SSPV) and its downward coupling with the troposphere
are known to play a crucial role in driving climate variability over the Antarctica. In this study, the SSPV
weakening events and their impact on the surface over the Antarctica are examined using in situ
observation and reanalysis data. Combining rules in the several previous studies, we devised a new
detection method for the weak SSPV event. Based on the new criteria, the occurrence frequency of weak
SSPV events has exhibited a systematic increasing trend since the 2000s. However, the weakened anomalies
of individual SSPV event were not particularly different between the earlier (1979-1999) and later periods
(2000-2017). The recent increase in the occurrence of weak SSPV events is largely controlled by
tropospheric mechanisms, the poleward heat flux carried by southern hemisphere planetary waves and
related vertical wave propagation. We show that the SSPV weakening event induces statistically significant
cooling over the Antarctic Peninsula (AP) region and warming over the rest of Antarctica. Typically, large
negative values smaller than -0.6 2C and positive values larger than + 0.8 2C of surface air temperature
anomalies are observed over the east coast of the tip of AP and the King Edward VIl Land, respectively. The
influence of weak SSPV on surface lasts for several months with higher height anomalies off west Antarctica,
providing favorable conditions for the atmosphere to transport cold air from the interior of Antarctica to the
AP via the Weddell Sea.
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Shallow convection and precipitation over the Southern Ocean: A case
study during the CAPRICORN field campaign
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Persistent biases in the energy budget over the Southern Ocean (SO) within climate simulations and
reanalysis products have been linked to the poor representation of clouds over the region, particularly in
regions of shallow, post-frontal convection. In response to these challenges, the CAPRICORN (Clouds,
Aerosols, Precipitation, Radiation, and atmospherlc Composition Over the southeRn oceaN) field campaign
was carried out to characterize the cloud, aerosol, precipitation and boundary layer properties over the SO.
The Australian R/V Investigator undertook a 35-day cruise from March to April in 2016 making observations
from Hobart (43°S) to the polar front (53°S). One case is examined in this study with a focus on shallow
convective clouds that were commonly observed during the cruise. Shipborne measurements, Himawari-8
products are integrated to investigate the dynamical and microphysical characteristics of the targeted
marine boundary layer cloud fields. This case (26-28 March) focusses on a sustained period of open
mesoscale cellular convection in a post-frontal environment. The observed cloud field resided primarily
below 2.5 km and in the sub-freezing temperature range (0 to -8°C), where mixed-phase cloud tops were
suggested by both the shipborne and Himawari-8 observations. Relatively heavy precipitation was observed
to be generated from these clouds. High-resolution simulations with a convection-permitting configuration
of the Weather Research and Forecasting (WRF) model are performed with relatively good representation
of some surface meteorology. However, simulations have difficulties in producing both the low-level cloud
field, mixed-phase cloud tops, boundary-layer decoupling and surface precipitation.
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West Antarctic Surface Melt: Energy Budget, Meteorological Drivers and
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Surface melt over West Antarctica is increasingly recognized as a contributor to ice mass loss, through
hydrofracturing of ice shelves that buttress ice sheets. The US Department of Energy Atmospheric Radiation
Measurement (ARM) Program West Antarctic Radiation Experiment (AWARE) provided insight into lower
atmosphere perturbations and the influence of cloud microphysics on the surface energy balance. Here we
generalize AWARE objectives to identify meteorological drivers of surface melt throughout West Antarctica.
We diagnose these drivers of surface melt by comparing satellite-observed melt patterns to anomalies of
near-surface air temperature, winds, and satellite-derived cloud cover, radiative fluxes and sea ice
concentrations spanning the austral summers 1979-2017. Summertime melt-inducing warming is favored by
Amundsen Sea (AS) blocking activity and a negative phase of the Southern Annular Mode, both of which
correlate with ENSO conditions in the tropical Pacific Ocean. Extensive melt events in the Ross-Amundsen
sector of the West Antarctic Ice Sheet (WAIS) are linked to intense and persistent AS blocking anticyclones
that force intrusions of marine are over the ice sheet. Surface melting is driven primarily by enhanced
downwelling longwave radiation and turbulent mixing of sensible heat to the surface by féhn winds. Since
the late 1990s, concurrent with ocean-driven WAIS mass loss, summer surface melt has increased from the
AS Embayment to the eastern Ross Ice Shelf. Increasing anticyclonic advection of marine air over the WAIS,
and enhanced air-sea fluxes associated with declining sea ice concentration in the coastal Ross-Amundsen
Seas, together provide a possible mechanism for this trend.
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Recent remote sensing and climate modeling studies show that summer surface melt over West Antarctica
is more frequent and widespread than previously realized, and that surface meltwater can substantially
weaken ice shelves and ice cliffs through hydrofracturing. When evaluating the role of atmospheric warming
in West Antarctic Ice Sheet (WAIS) loss, the key considerations are not necessarily the total resulting
meltwater volume and geographic extent as over Greenland, because most WAIS melt events last only a few
days. Instead, one should focus on surface melt specifically over vulnerable ice shelves and ice cliffs that can
weaken their structure even if short-lived. Surface melt generally results from changing radiative and
turbulent flux components of the surface energy balance when surface and lower atmosphere
temperatures are near the freezing point. In Antarctica the meteorological drivers of these changes vary,
and we review three based on observations. During the joint US NSF-DOE Atmospheric Radiation
Measurement (ARM) Program West Antarctic Radiation Experiment (AWARE), radiation and turbulent flux
instrumentation at WAIS Divide diagnosed the role of cloud longwave surface heating during the extensive
January 2016 melt event. In a recent field program at Siple Dome during December 2019-January 2020,
similar instruments provided new data on the role of optically thin clouds that induce an all-wave surface
radiative flux enhancement similar to what has been discovered over Greenland. Analysis of automatic
weather station (AWS) data near the Transantarctic Mountains enables us to quantify the role of foehn
winds in localized surface melt events.
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An Examination of the ERA5 Reanalysis Dataset over the Ross Ice Shelf
using Observations from a large scale SNOW WEB deploymnet
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This study compares meteorological output from the ERAS reanalysis product with a large scale deployment
of the SNOW WEB observational network over the Ross Ice Shelf. Deployments of 14 SNOWWEB stations in
the 2017/2018 Antarctic field season through to the present day and a second deployment since the
2018/2019 of a further 12 SNOWWERB stations are used to compare with ERA5 winds, temperatures and
pressures. We also use our observational network to identify potential gaps in the existing observational
network. The earlier deployment occurred along a 240 km transect along the South Pole Traverse route and
the second was from Siple Dome to a region on the Ross Ice Shelf close to the Kamb icestream. We also use
a Self-Organizing Map analysis to compare the ERA5 model output with data from our observational
network under a varying range of synoptic conditions. We also examine the quality of the reanalyses to
represent the relationships between these synoptic conditions and snowfall events using ancillary datasets.
This analysis allows a quantification of the impact of synoptic states and their representation on snowfall.
We also focus on whether extreme events observed by the SNOWWEB stations related to periods of
significant snow accumulation are represented correctly in the ERA5 reanalysis.
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CO2 flows in the Bransfield Strait during the austral summer 2018
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An estimated that 30% of the CO2 present in the atmosphere has been absorbed by the oceans, however,
this sink characteristic has been affected due to the increase of this gas in the atmosphere. To understand
these processes the Bransfield Strait and the surroundings of Elephant Island have been chosen, which is
affected by the Bellinghausen Sea (TBW), the Weddell Sea (TWW) and the Scottish Sea.

Data on sea surface temperature, salinity, dissolved oxygen, chlorophyll-a, wind speed and partial CO2
pressure (pCO2) have been used and then treated by a GIS to space them along the Strait. The results
indicate that there are two well-defined bodies of water, TBW characterized by a temperature between 1 to
2 °C and salinities 33.8 to 34.2; TWW with -0.7 to 1 °C and with salinities 34.2 to 34.5. The dissolved oxygen
shows a heterogeneous surface distribution and chlorophyll-a values less than 1 pg/L, the wind speed
reaches values of 6 m/s in the Strait and values of 10 m/s in faraway areas. The difference between the
ocean atmospheric pCO2 and ocean pCO2 were positive, this indicates that ocean CO2 is being transferred
into the atmosphere (~ 5 at 20 mmol.m-2.day-1). A relationship was also found between CO2 absorption
and sea ice coverage, with the greatest absorption occurring when sea ice is scarcer or seasonal, while it
decreases when ice coverage increases.
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Antarctic Regional Warming Events in Winter Observed by the University
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Previous studies of Antarctic climate have highlighted relatively uniform, cold conditions throughout the
austral winter. Other studies, however, have shown warming deviations occurring on monthly timescales
during the winter. One cause for these increases in temperature may be brief but rapid increases in surface
temperature. Observations from the University of Wisconsin-Madison (UW) Automatic Weather Station
(AWS) network have shown dramatic and rapid increases in temperature in austral winter. An investigation
of these events was conducted for all UW AWS in the years 2002 through 2018. These warming events in
winter (WEW) are defined as increases in temperature observed at a UW AWS of 30 degrees C or greater in
5 or fewer days, with a decrease in temperature during that period of no more than 10 degrees C. A regional
warming event in winter (RWEW) was subsequently defined as an event that included one or more WEW
occurring in the same predefined region at about the same time. The Ross Ice Shelf (RIS) observed the most
WEW and RWEW in this study. An analysis of 500 hectopascal (hPa) geopotential height anomalies during
RWEW revealed that RWEW in the RIS had the largest variability in said height anomalies. Smaller-scale
processes are hypothesized to lead to RWEW in this region, including turbulent mixing. Presented will be
typical large-scale atmospheric flow regimes preceding RWEW on the RIS. A case study analysis will be
presented of an RWEW that occurred on the RIS between 12 and 15 July 2007.
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On the 16-year periodicity in the Antarctic Peninsula temperature
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Surface temperature in the Antarctic Peninsula (AP) region increased rapidly since the middle of the last
century and shows no warming since the 2010s. In addition, long-term climate changes across AP vary both
seasonally and spatially. The distinctive role of the decadal periodicity in the change in winter temperature
(June—August) in the northern and southern AP is analyzed. The Scientific Committee on Antarctic Research
Reference Antarctic Data for Environmental Research (SCAR READER) was used. The time series 1952-2017
for the two AP weather stations Esperanza (northern AP) and Vernadsky (southern AP) were compared. If
the Esperanza data show a stable 16-year periodicity, then the Vernadsky data show irregular decadal
variability. This is clearly seen from the wavelet transforms, which also display opposite phases in the recent
temperature change with warming at Esperanza and weak cooling at Vernadsky. The spatial heterogeneity
in temperature variations along AP is usually attributed to the competing impacts of the El Nino—Southern
Oscillation and Southern Annular Mode. We have revealed that the periodic temperature oscillation at
Esperanza is associated with the latter mode combined with the zonal wave 3 pattern. In the related surface
pressure anomalies, wave 3 ridge located east of southern South America is the cause of the regional
anticyclonic anomaly. The corresponding westerly wind anomaly covers Esperanza in the northern AP but
does not reach Vernadsky in the southern AP. This leads to a differentiated contribution of decadal
variability to temperature changes along AP.
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Sudden Stratospheric Warming over Antarctica in 2019 and the
hemispheric implications
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In late August to early September of 2019, the temperature in the mid- and low stratosphere over
Antarctica rose by over 70 degrees Celsius. This event is later confirmed as a Sudden Stratospheric Warming
over Antarctica (SSWA) for the second time only after the event in 2002. Along with the SSWA, the ozone
depletion does not prevail as usual in the springtime. The zonal mean temperature (60-90S) and wind (60S)
show that the event could be resulting from the planetary waves’ propagation into the stratosphere and
weakening the polar vortex. Whereas, another possible explanation is that the warming over Antarctica is
simply mirroring the cooling over the Arctic in 2019, configured by the satellite anomalies in the low
stratosphere. The SSWA event causes some hemisphere-scale disturbances. For example, the sea-ice extent
and area in Antarctica reach their minimum level throughout the last 40 years; and unusual drought and
bushfires spread in the east part of Australia.
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Several studies have been conducted in the Antarctica to investigate the net sea—air CO, fluxes (FCO,).
However, the Antarctic coastal regions are still poorly sampled and the majority of the studies are restricted
to the austral summer. Here, we constructed a temporal series (2002-2017) of hydrographical and
biogeochemical data in Gerlache Strait, a hotspot for climate change that is ecologically important in the
northern Antarctic Peninsula. Thus, we show for the first time a detailed annual overview of the FCO, and
primary drivers in the Gerlache Strait. In autumn and winter, episodic upwelling increases the remineralized
carbon in the surface, leading the region to act as a moderate or strong CO; source to the atmosphere of up
to 50 mmol/m?/day. During summer and late spring, photosynthesis decreases the CO, partial pressure,
enhancing ocean CO, uptake higher than =50 mmol/m?/day. Therefore, the autumn/winter CO, outgassing
is nearly balanced by an only 4—month period of intense ocean CO, ingassing during summer/spring. Hence,
the estimated annual FCO, from 2002 to 2017 was 1 = 17 mmol/m?/day. The main drivers of changes in the
surface CO, system were total dissolved inorganic carbon and total alkalinity, revealing the dominant
influence of both physical and biological processes. These findings demonstrate the importance of
Antarctica coastal zones as carbon sinks and emphasize the need to better understand the sensitivity of the
local/regional Southern Ocean carbon cycle to the impacts of climate change.
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Antarctic convection west of Maud Rise.

Kent Moore!
IUniversity Of Toronto, Toronto, Canada

Maud Rise, a seamount in the Weddell Sea, is a location where a polynya occasionally forms. The most
dramatic of these events was the ~300,000km2 polynya that occurred over the 3-year period from 1974-
1976. Another smaller polynya developed in 1994. In 2016, a polynya developed near Maud Rise in late July
and persisted for approximately 3 weeks. In September 2017, the polynya returned and remained open
through November. The presence of a polynya can lead to vigorous air-sea interaction resulting in a
densification of the surface waters and a convective overturning of the water column that was indirectly
observed after the 1976 polynya and directly observed during the 2017 event. There is still much that is
unknown regarding how these polynyas form as well as the characterization of the atmospheric forcing that
occurs within them and the oceanic response. Here we use a new high resolution atmospheric reanalysis to
compare and contrast the meteorological conditions associated with the polynyas from the 1970s with
those from the more recent openings. Included will be a characterization of the spatial and temporal
variability in the air-sea interaction that occurred within these polynyas.
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An overview on the Southern Hemisphere storm tracks from the Brazilian
earth system model’ RCP8.5 Scenario

Claudia Parise?!, Kevin Hodges?, Ronald Souza?, Luciano Pezzi*

IFederal University Of Maranhao - UFMA, Sao Luis, Brazil, 2University of Reading, Reading, England, *National Institute
for Space Research - INPE, Cachoeira Paulista, Brazil, *National Institute for Space Research - INPE, Sao Jose dos Campos,
Brazil

The Brazilian Earth System Model (BESM) consists of a coupled climate model developed by the National
Institute for Space Research (INPE) that has allowed Brazil to join a selected group that provides
contributions of climate change statistics to the IPCC’s reports. Here we show the first results of the
analysis of the Southern Hemisphere (SH) storm tracks under the BESM’s RCP8.5 scenario (2006-2104) in
the lower troposphere (850 hPa). This is compared with the ERA5 reanalysis dataset (1979-2019). The storm
tracks are obtained from an automated feature-tracking technique applied on the relative vorticity field,
focusing on the seasonality (summer and winter) of systems that last longer than 2 days and move more
than 1000 km. We have found that the zonally symmetric behavior of the SH storm tracks, climatologically
observed during the summer, is remained in the RCP8.5 scenario, though there is a shift northwards of its
location, leading to an increase (decrease) of the track density from 45°S to 55°S (from 60°S to the Antarctic
coast), both in 50%. The asymmetric spiral pattern during the winter is also observed for the storm tracks in
the future climate, however the maximum density of mobile storms found near to the Antarctic coast (from
180° to 120°E) is reduced (in 50%), meanwhile it is increased (by 25%) at the south of South America, South
Africa and Australia in comparison to the reanalysis. The response of storm tracks to the RCP8.5 scenario is
also being done for the other seasons and atmospheric levels.



141

First results from Antarctic Modelling and Observational System (ATMQOS)
Project

Luciano Pezzi®, Ronald Souza?, Marcelo Santini®, Joey Voermans?, Jonas Carvalho?, Claudia Parise?, Eliana
Rosal, Ueslei Sutil', Manuel Victor?!, Giullian Reis?, Celina Rodrigues?, Bruna Pavani*,Regiane Moura,Fabiane
Furlan?, Joel Rubert?!, Gabriel Munchow?®, Mylene Cabrera?, Rita Alves®

INational Institute for Space Research (INPE), Séo José Dos Campos, Brazil, *Federal University of Maranh&o (UFMA), SGo
Luiz, Brazil, 3University of Melbourne, Mebourne, Australia, *University of SGo Paulo (USP), Séo Paulo, Brazil, °Federal
University of Rio Grande do Sul (UFRGS), Porto Alegre, Brazil

Antarctic Modelling and Observational System (ATMOS) is a scientific project conceived to improve our
understanding of sea ice-ocean-atmosphere-waves interactions and turbulent fluxes exchanges, at micro
and meso-scales in the Atlantic sector of the Southern Ocean. The expectation is to build an innovative
system able to do in situ measurements of atmospheric and oceanic variables. Another goal is develop a
regional coupled model of seaice-ocean-atmosphere-waves to understand the physical mechanisms that
occur at these interfaces that will fine-tune with observations. Here we present some of first ATMOS year
results. On our way to Antarctica we crossed a warm eddy detached from Brazil Current. The vertical profile
measurements of the atmosphere and of the ocean, showed that the atmosphere superimposed on warm
water becomes unstable, by causing stronger winds over it. Opposite behavior is seen over colder waters
outside of eddy core. Together, preliminary results obtained through the wave buoy installed in vicinity of
King George Island are presented and compared with numerical simulations carried out for that region. The
wave buoy showed two groups of predominant wave systems. The first one from E-SE with peak period (Tp)
below 10 s and significant wave height (Hs) around 1.0 m, and the second one from S-SO with higher Tp
(above 10 s) and with Hs reaching 3.0 m. The WW3 model simulations followed the oscillations presented
by the buoy, underestimating Hs values, probably due to the choice of the atmospheric forcing.
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Challenging Antarctic WRF with Satellite-based Cloud and Precipitation
Observations via COSP2: Early Results

David Reusch®
INew Mexico Institute Of Mining & Technology, Seattle, United States

Polar clouds and precipitation are fundamental, but poorly understood, meteorological variables with wide
relevance to understanding Antarctic climate, including mass balance, the surface energy budget and
surface melting.

Satellites carrying active sensors (e.g., CloudSat) provide the only platform with spatial coverage suited to
observing precipitation and clouds regularly across the ice sheet. But because of their spatial resolution and
temporal sampling, satellite observations are not enough on their own to fully understand these variables.

Regional atmospheric models like Polar WRF offer high-resolution, continuous time series of precipitation,
clouds and other related variables but have known skill shortfalls (as do all models, ultimately). By
combining remote-sensing observations with modeling, the models can be improved through skill
testing/diagnosis. In turn, the verified model supports development of better precipitation datasets and
new insights into Antarctic weather and climate variability.

We bridge models and observations using the instrument simulator COSP2 to translate from the modeled
atmosphere to products that can be compared directly with satellite-based observational datasets thereby
supporting “level playing field” skill testing.

We established our methodology using WRF datasets from the Antarctic Mesoscale Prediction System
(AMPS) archive. Because AMPS files are missing some COSP2 input variables, some assumptions and
approximations had to be made during this pilot work. Preliminary results from testing the COSP2 CloudSat
simulator against CloudSat observations are encouraging but indicate more development is needed before
our ideal scenario is viable: production of an improved, long-term precipitation record from new WRF runs.
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Trends in Atmospheric Humidity and Temperature above Dome C,
Antarctica Evaluated from Observations and Reanalyses

Philippe RICAUD?, Paolo Grigioni?, Romain Roehrig?, Pierre Durand?, Dana Veron*
ICNRM, Toulouse, France, 2ENEA, Roma, Italy, 3Laboratoire d'Aerologie, Toulouse, France, *University of Delaware,
Newark, USA

The time evolution of humidity and temperature above Dome C (Antarctica) has been investigated by
considering observations performed at Dome C from radiosondes since 2005 and from the microwave
radiometer HAMSTRAD since 2012. These data have been coupled with reanalyses selected since the end of
the 20th century (from 1980 to 2017/2018) from ERA-Interim, MERRA2 and JRA-55, and the southern
annular mode (SAM) index over the same period. The observations at Dome C reveal a significant
moistening (0.08 + 0.06 g m-3 dec-1) associated with a significant warming (1.08 £ 0.55 K dec-1) in summer,
and a significant drying (-0.04 and -0.05 + 0.03 g m-3 dec-1) associated with a significant cooling (-2.4 + 1.2
and -5.1 + 2.0 K dec-1) in autumn and winter, respectively whilst, in spring, no significant trends are
evaluated. Considering the reanalyses, our study showed that 1) the summer moistening/warming and the
autumn and winter drying/cooling observed in the beginning of the 21st century agreed with the reanalyses
and 2) periods of moistening/warming alternated with periods of drying/cooling whatever the season
considered. The decadal trends in Integrated Water Vapour (IWV) and 2-m temperature were obviously
anticorrelated to the decadal trends in SAM index for all the seasons but spring. Our study suggests that the
decadal trends observed at Dome C since the beginning of the 21st century in humidity and temperature
are well within the variability of the atmosphere analysed since the end of the 20th century.



1242

Observing and modeling snowfall at Dumont d’Urville station, Antarctica,
during YOPP special observing campaign : a 3D approach

Marie-Laure Roussel*, Christophe Genthon?, Chantal Claud?, Florentin Lemonnier?, Claudio Duran Alarcon?,
Etienne Vignon?®, Eric Bazile*

ILaboratoire de Météorologie Dynamique, IPSL, Paris, France, ?Institut des Geosciences de I'Environnement, CNRS,
Grenoble, France, 3Ecole Polytechnique Federale de Lausanne, Lausanne , Suisse, “Meteo-France, CNRM, Toulouse,
France

Antarctica is the largest reservoir of continental fresh water on Earth: sensitivity to climate change may
induce mass balance change and result in significant impact on global sea-level. The surface mass balance
of the cap is mainly fueled by precipitation, which is expected to increase by the end of the 21st century
according to climate projections. However, there is still limited knowledge and understanding of the
processes involved because observations are limited as a results of remoteness and extreme weather
conditions.

The OMM project dedicated to improving meteorological research and prediction at the poles (YOPP: Year
of Polar Prediction) had a Southen Hemisphere special observing period between November 2018 and
February 2019, during which unique observations were made, in particular at the Dumont d’Urville station
YOPP supersite in East Antarctica. Models were also run in this framework. In addition to the conventional
approach — the surface accumulation of precipitation— the vertical dimension of snowfall is studied, allowing
to account for microphysics and dynamics throughout the atmospheric column.

Snowfall occurrences and fluxes from various weather forecast and atmospheric circulation models are
evaluated. The use of diagnostics to detect snowing events and of 3 scores exhibits model overestimation
both in terms of frequency and intensity. A fair representation of subtle processes such as re-evaporation in
the lowest levels even in global models is encouraging but progress is still needed to correctly account for
the observations.
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Atmospheric and turbulent fluxes measurements at King Georg Island

Marcelo Santini?, Luciano Pezzi*
1Earth Observation General Coordination, National Institute for Space Research - OBT/INPE, Séo José dos Campos, Brasil

The Atmospheric Modeling Observation System (ATMOS) Project is an innovative project that aims improve
the knowledge of sea ice-atmosphere-ocean processes. As part of ATMOS activities is to perform
measurements of turbulent fluxes and atmospheric parameters. A micrometeorological tower installed in
the coastal region of King George Island made these measurements. Here we present the results from 9 to
23 November 2019 when the research vessel used to deploy these sensors was present in this area in the
Bransfield Strait. Air temperature varied from - 3.6 to 6.5 ° C, soil temperature from -0.3 to 7.6 ° C, wind
speeds of up to 35 m s-', with predominant northwest direction, short wave radiation reached values up to
1150 W m-2. The momentum fluxes reached values up to 3.6 Kg m-2s-', sensible and latent heat fluxes, in
most of the period, presented positive values reaching up to 250 W m-2. During the sampled period, the
region behaved predominantly as a CO, source with an average positive flux of 0.21 umol m-?s-'. During the
campaign we had problems with the load controller, used to manage the solar and battery energy
distribution, restricting our sampling this time only during the day. Even with this failure we consider to
have a good quality data to study the interaction processes between coastal zone and atmosphere.
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Positive trend in regional sea level anomalies and Southern Annular
Mode: the southern Brazil analysis

Venisse Schossler?, Jefferson Cardia Simdes?, Francisco Eliseu Aquino?, Pedro Amaral Reis!
ICentro Polar e Climdtico/Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

Pressure gradients and winds play an important role in the regional sea level of the Southern Hemisphere
(SH), currently associated with the positive trend of the Southern Annular Mode (SAM) positive trend.
Furthermore, projections point to the vulnerability and effects of sea level rise of low-lying coastal countries
in the SH. This work investigates regional sea level anomalies (SLA) in the southern Brazil continental shelf
(SBcs - 30°-35° S and 49°-52° W) using altimeter data (1993-2019) post-processed by the X-TRACK
(CTOH/LEGOS), indicated for coastal areas. We observe negative SLA from 1993 to 2009 and positive from
2010 to 2019, with upward trend throughout the period. We analyse the pressure and wind fields at sea
level (ERA 5) and sea surface temperature and height anomalies (SSTA / SSHA - NOAA) in South Atlantic
(SAt) in these two periods: 1993—2009 and 2010-2019. In relation to the first period, the second shows the
enhance in Hadley and Walker cells and trade winds, in addition to greater SSTA and SSHA in ASt. The ASt
subtropical gyre and the zonal winds in 45°S contribute to the intensification of western boundary current.
A greater pressure gradient between the SAt surface and the southeast of South America is noteworthy.
Regionally, the positive SAM brings an increase in sea level to the SBcs, caused by greater wind stress and
variability in heat flows. Thus, we expect an intensification of the current scenario, since the trend of global
temperature anomalies and SAM remain positive.
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An intercomparison of Antarctic NWP during the Year of Polar Prediction

Benjamin Schroeter?!
institute For Marine And Antarctic Studies, Hobart, Australia

The Special Observing Periods (SOPs) of the Year of Polar Prediction present an opportunity to assess the
skill of Numerical Weather Prediction models operating over the Antarctic, many of which assimilated
additional data made available during these periods through enhanced observational frequency. Hence, the
outputs of these models are some of the most observationally-informed to date for the Antarctic, allowing
clearer examination of model performance as a result of parameterisation, rather than lack of observations.
This intercomparison evaluates several NWP models operating in the Antarctic during a SOP to assess model
performance and identify key areas of systematically stronger/weaker performance to inform model
development.
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Analysis of high-resolution precipitation and wind events in the Ross
Island Region, Antarctic through remote sensing observations

Mark Seefeldt?, David Kingsmill, John Cassano?!
IUniversity Of Colorado - Boulder, Boulder, United States

Studies of high-resolution wind features, and to a much lesser degree precipitation, in the Ross Island
region, Antarctica have been investigated through surface automatic weather station observations and
numerical modeling. This presentation will investigate the precipitation and high-resolution wind features in
the region through remote sensing observations. The observations for this study were collected during the
Atmospheric Radiation Measurement (ARM) West Antarctic Radiation Experiment (AWARE) sponsored by
the U.S. Department of Energy and National Science Foundation. AWARE occurred from 23 November 2015
to 5 January 2017 and made use of the second ARM mobile facility (i.e., AMF2). The primary AMF2
observing platform employed in this study is the X-band Scanning ARM Cloud Radar (XSACR), which was
deployed on the southern tip of Ross Island near McMurdo Station. The focus of the study will be on three
precipitation events, each associated with predominantly southerly flow in the lowest 3 km and containing
at least 60 hours of widespread radar echoes from XSACR. The remote sensing observations will also be
compared to output from the Antarctic Mesoscale Prediction System (AMPS). The comparisons to AMPS will
be used to provide a larger understanding of the atmospheric dynamics and circulation and to assess the
performance of AMPS in capturing the observed high-resolution features.
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The austral summer atmospheric vertical structure characteristics of
Zhongshan Station in 2018-2019

Hui Shen'
INational Marine Environmental Forecasting Center, Beijing, China

Using the sounding data and the automatic weather station ( AWS ) data of the Zhongshan Station
Meteorological Station during the 35th Chinese National Antarctic Expedition (CHINARE) in austral summer
2018-2019(Year of Prediction Plan Special Observing Period (YOPP SOP) in the Southern Hemisphere), the
atmospheric vertical structure and surface climatic conditions of the Zhongshan Station in the austral
summer of 2018-2019 were analyzed. Comparing with the climatic mean, the wind speed, relative humidity
and temperature appeared a higher bias, but lower air pressure were observed at Zhongshan Station in
summer austral 2018-2019. the average height of lapse-rat e tropopause (LRT) near Zhongshan Station is 8
550 m, and the average height of cold-point tropopause (CPT) is 9 300 m. The corresponding temperatures
are —52.8 °C and —55.3 °C, respectively. The corresponding average wind speeds at the top of the
troposphere are 18.9 m/s and 16.9 m/s. Compared with the sounding observation data, the NCEP/NCAR and
ERA Interim reanalysis data have less error in temperature and a larger error in wind speed. The average
performance of the two reanalysis data in the Zhongshan Station area is not much different. Under different
weather conditions, the vertical distribution of tropopause height and wind speed is quite different at
Zhongshan Station in the austral summer of 2018-2019.
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First efforts of the Antarctic Modeling and Observational System (ATMOS)
in coupling the ocean-atmosphere system of the Antarctica through
numerical modeling

Ueslei Adriano Sutil®, Luciano Ponzi Pezzi!, Jonas Takeo Carvalho?!, Marcelo Freitas Santini?, Eliana Bertol
Rosa?, Claudia Klose Parise?, Joel Rubert?, Joey Voermans, Bruna Pavani*, Gabriel Bonow Munchow®, Mylene
Cabrera?
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3University of Melbourne, Melbourne, Australia, *Aeronautics Institute of Technology, Séo José dos Campos, Brazil,
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Since there are very few in situ measurements systems around Antarctica applied to studies of air-sea
fluxes, the Brazilian National Institute for Space Research (INPE) conceived the Antarctic Modeling and
Observational System (ATMOS), a project aimed at optimizing our understanding about sea ice-ocean-
atmosphere-waves interaction in the Southern Ocean. Using a regional coupled numerical modeling system,
we will investigate the air-ocean-wave-sea ice interaction in the Atlantic Sector of the Southern Ocean in
order to join efforts to understand the exchanges of heat that occur at the ocean-atmosphere interface
under the influence of the presence or absence of sea ice. We will perform two simulations: one coupling
the sea ice model to an atmospheric and a hydrodynamic model and another one without the sea ice
coupling, using dataset from November, 2019 to February, 2020 and then compare the model output with
an deployed buoy and a weather station located at -50.17 2W, -62.19 °S. At this location, the buoy is
protected from the influence of the Antarctic Circumpolar Current and the data consist of a wind generated
waves and ocean swell. Our work is still in progress, since the full dataset is currently being analysed. The
influence of the sea ice on the heat fluxes in the Atlantic Sector of the Southern Ocean will be discussed and
we expect that our efforts will provide unpublished data to propose physical mechanisms that can explain
the role of the ocean and the atmosphere in restoring the equilibrium state of sea ice.
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First results of the Low Cost Atmosphere Measurement Device (LCAMD),
developed under Antarctic Modeling and Observational System (ATMOS)

Ueslei Adriano Sutil?, Luciano Ponzi Pezzi*
INational Institute For Space Research, SGo José Dos Campos, Brazil

Antarctic Modeling and Observational System (ATMOS) is a scientific project conceived by the Brazilian
National Institute for Space Research (INPE) to improve our understanding on sea ice-ocean-atmosphere-
waves interactions of the Southern Ocean. One of ATMOS umbrella projects is to build a system of arduino-
based low cost devices to gather data to be assimilated on a regional coupled modeling system. We
developed the first Low Cost Atmosphere Measurement Device (LCAMD) prototype in a Pelican Case
equipped with a ESP32-DevKitC development board with a DHT22 and BME280 sensors to measure Air
Temperature (Tair), Pressure (Patm) and Relative Humidity (RH). In order to prospect LCAMD ability to
collect data on extreme weather and climate, we placed our first prototype on Comandante Ferraz Antarctic
Station, at the King George Island, at 7 meters high. LCAMD collected data from 14 to 18 February 2020 and
we compared the data with a near weather station located at the Chilean Base Frei Montalva President. It
was possible to observe the passage of low pressure system through the region, when, at the first 24 hours,
the pressure drops from 987 to 981 hPa. Although at the night both compared data showed similar results,
during the day we observed a bias in Tair and RH, possible related to LCAMD protection used against
radiation and snow/rain. In the future, we plan to facilitate exchange of air inside the device still protecting
against severe weather, then develop more devices to deploy in several sites to collect data during the
austral summer.
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Climate Variability in the West Antarctica and its Predictability Potential
on different time scales

Vladyslav Tymofeev?, Vazira Martazinova?, Oksana Mazepa?
IUkrainian Hydrometeorological Institute, Kiev, Ukraine, °Taras Shevchenko National University, Kiev, Ukraine

Assessment of the climate change in the West Antarctic sector (WAS) and its predictability potential mainly
for the Antarctic Peninsula (AP) region is the main purpose of the research. EI-Nino-Southern Oscillation
(ENSO), and in particular El Nifio, was found to be responsible for the recent regional climate variability and
individual climate extremes. An increase in the near-surface air temperature (SAT) has been peaked at the
western coast of AP to the end of 20th century, during the warm ENSO phase. It is shown how the large-
scale atmospheric circulation in the West Antarctic sector varies depending on the ENSO phase; the ENSO
signal is traced to the lower stratosphere.

The recent warming period is characterized by intensified westerlies and prevailing cyclogenesis within the
WAS. Climate after the beginning of the 21st century is characterized by the cessation of surface warming in
the AP region, along with changes in the atmospheric circulation, the most important is the increased
residence time of its patterns.

A high synchronous and asynchronous correlations are found between SAT anomalies in the AP and set of
the oceanic indexes; with the best correlation reached through the East Pacific and South Atlantic index.
Statistical forecast schemes for the seasonal SAT for the Antarctic Peninsula stations are obtained.
Atmosphere and ocean teleconnections as well as transitions between scales, from large-scale
(hemispheric) to regional are showed. Climate projections for the 21st century are developed being based
on established links of indexes and teleconnections, growing ENSO influence and geophysical parameters
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Connecting the upper ocean to the atmosphere through ocean waves: a
wave buoy mooring at King George Island

Joey Voermans!?, Luciano Pezzi?, Marcelo Santini?, Bruna Pavani?, Eliana Rosa?, Fabiane Furlan?, Regiane
Moura?, Ueslei Sutil?, Jonas Carvalho?, Alexander Babanin®

IUniversity Of Melbourne, Melbourne, Australia, 2INPE, Séo José dos Campos, Brazil, *Universidade de Séo Paulo, Séo
Paulo, Brazil

Ocean waves are critical in the coupled atmosphere-ocean system through the enhancement of fluxes of
heat, energy and momentum across the air-sea interface and mixing of the upper ocean. Despite the
continuous exposure of the Antarctic sea ice cover to energetic storm and wave events from the Southern
Ocean there are very limited observation systems present around the Antarctic continent to define the
interfacial fluxes and the role of ocean waves therein. To study the role of ocean waves in the air-sea
coupled system we deployed a wave buoy mooring at 80-meter water depth near King George Island (62°S
58°W) during the Antarctic Summer from November 2019 till February 2020 in the absence of sea ice. The
mooring facilitates observations of the atmosphere, the upper ocean and waves. While sheltered from the
Southern Ocean by King George Island, waves in excess of 3 m were recorded and consist of a combination
of wind generated waves and ocean swell. As the full data set is currently being analysed, this work is still in
progress. The influence of waves on the fluxes of heat and momentum will be discussed and is expected to
signify the importance of waves in the air-sea coupled system. More observations of waves around the
Antarctic continent are required to further improve our understanding and parameterization of air-sea-
wave interactions.
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The Influence of Non-static Sea Ice on the Numerical Weather Prediction

Zhaohui Wang?, Phil Reid?, Alex Fraser?, Siobhan O'Farrell*, Richard Coleman?

IUniversity Of Tasmania, Hobart, Australia, 2Australian Bureau of Meteorology (BoM), Hobart, Australia, 3Australian
Antarctic Program Partnership (AAPP), Hobart, Australia, *The Commonwealth Scientific and Industrial Research
Organisation (CSIRO), Melbourne, Australia

Antarctic sea ice is an important component of the weather and climate system, modulating radiative and
moisture fluxes across the ocean/atmosphere interface and the momentum transfer from the lower
atmosphere to the ocean within the higher southern latitudes of the Southern Ocean. These quantities can
vary quite rapidly in regions and times of the year where sea ice advances or retreats quickly over large
areas (e.g., May — advance, and December - retreat). It is suggested that these quantities are not well
represented in Numerical Weather Prediction (NWP) forecasting models when using static sea ice,
particularly during times of rapid advance and retreat. In this research, the polar-optimised Weather
Research and Forecasting model (Polar WRF) is implemented to investigate how the static sea ice in NWP
model impacts the short-term (to +10 days) weather forecast in the whole southern hemisphere, especially
the Antarctic region, compared to daily-updated sea ice. In this presentation we quantify the improvement
to Antarctic (and lower-latitude) NWP when using more realistic (daily-updating) sea ice fields, and attribute
the improvement to various components on the simulated atmosphere (e.g., radiation balance, humidity,
cloud, heat flux, etc.). Our results, based on 2018, indicate that inclusion of more realistic sea ice fields into
regional NWP should be a priority for national NWP programmes.
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The Southern Hemisphere sudden stratospheric warming of September
2019

Xiaocen Shen?, Lin Wang?, Yuyun Liu?, Scott Osprey?

nstitute Of Atmospheric Physics Chinese Academy Of Sciences, Beijing, China, *University of Oxford, Oxford, United
Kindom

A sudden stratospheric warming (SSW) is observed in the Southern Hemisphere during September 2019,
causing the most substantial stratospheric polar warming since 1979. Although the polar night jet did not
reverse to easterlies at 10hPa, the polar-cap temperature rose by 70K within approximately three weeks,
exceeding that of the 2002 major SSW. The exceptional warming suppresses the formation of polar
stratospheric clouds, facilitating the smallest Antarctic ozone hole on record. Diagnostics suggest that this
SSW is caused by the enhanced upward propagation of zonal wavenumber 1 Rossby waves from the
troposphere, which is the strongest and most persistent on record. The abnormal zonal wavenumber 1
planetary wave behavior is further attributed to a tropospheric wave train emanating from the subtropical
Pacific surrounding Norfolk Island and its downstream development. Plausible links between this SSW,
tropospheric circulation anomalies and the subsequent bushfires in eastern Australia warrants future
investigation.
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Antarctic Atmospheric River Climatology and Impacts

Jonathan Wille!, Vincent Favier?, Irina Gorodetskaya?, Cécile Agosta® Christoph Kittel*, Jai Beeman?, Nicolas
Jourdain?, Jan Lenaerts®, Francis Codron®
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Atmospheric rivers, broadly defined as narrow yet long bands of strong horizontal vapor transport, provide
a sub-tropical connection to the Antarctic continent and are observed to significantly impact the affected
region’s surface mass balance over short, extreme events. When an atmospheric river makes landfall on the
Antarctic continent, their signature is clearly observed in increased downward longwave radiation, cloud
liguid water content, surface temperature, snowfall, surface melt, and moisture transport.

Using an atmospheric river detection algorithm designed for Antarctica and regional climate simulations
from MAR, we created a climatology of atmospheric river occurrence and their associated impacts on
surface melt and snowfall. Despite their rarity of occurrence over Antarctica (maximum frequency of ~1.5%
over a given point), they have produced significant impacts on melting and snowfall processes. From 1979-
2017, atmospheric rivers landfalls and their associated radiative flux anomalies and foehn winds accounted
for around the majority of total summer surface melt on the Ross Ice Shelf and winter surface melt on the
ice shelves along the Antarctic Peninsula. On the other side of the continent in East Antarctica, atmospheric
rivers have a greater influence on annual snowfall variability. There atmospheric rivers are responsible for
20-40% of annual snowfall while controlling the inter-annual variability of snowfall across most of the
region. Many of the moisture or marine air responsible for high precipitation and melting events described
in past studies were identified as atmospheric rivers so there are advantages in using the atmospheric river
framework to connect these and future events.
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Warm-moist air intrusion into the polar regions enhancing cloud longwave
radiation and contributing to the warming

Takashi Yamanouchi?, Naohiko Hirasawa?
INational Institute of Polar Research, Tachikawa-shi, Japan, ?National Institute of Polar Research and SOKENDAI (The
Graduate University of Advanced Studies), Tachikawa-shi, Japan

The warm-moist air intrusion from low latitude greatly contributed to the warming in the Arctic
(Yamanouchi, 2019). Clouds activated by intrusion together with water vapor and high air temperature
increased downward longwave radiation (LD), and contributed greatly to the extreme warming in winter
2015/16 Arctic. This was a part of the mechanism explained by Yoshimori et al. (2017) using climate model.
On the other hand, similar increase of LD was found in the occasion of warm and moist air intrusion into the
Antarctic. One example of 130 W/m?2 increase in LD was found at Dome Fuji Station in 1997, when abrupt
temperature rise (+40°C) was caused by the strong ridge due to the blocking formation (Hirasawa et al.,
2000), and LD also increased at Syowa Station. Intrusion of warm moist air was just comparable with the
Arctic case. Also these intrusions with large amount of water vapor contributed to the accumulation and
were called “Atmospheric river”.

Looking at the similar abrupt LD increase in these 20 years (BSRN), most intrusions were not so steep and
warming events seemed not so large in the Antarctic compared to the Arctic. Blocking which makes the
intrusion deep is rather frequent in the Arctic, and makes the stronger intrusions much common in the
Arctic. Also the topography — high ice sheet surface of the Antarctic continent — suppresses warm-moist air
mass to penetrate deep into the continent. These might cause the warming suppression in the Antarctic
compared to the warming amplification in the Arctic.
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Modeling new ice formation under the influence of ocean waves

Hayley H. HhShen?, Stephen Ackley?, Hung Tao HtShen?, Che Yue?
1Univ. Of Texas San Antonio (utsa), San Antonio, United States, ?Clarkson University, Potsdam, USA

In sea ice modeling the focus has been on the basin to climate scale processes. New ice formation has
received less attention. Field observations in the Southern Ocean consistently reported the ubiquity of
pancake ice in the marginal ice zone. The presence of this type of ice has also become prevalent in the Arctic
Ocean during the fall-winter season. Field observations have also shown that new ice is very effective in
damping high frequency ocean waves. Such findings have motivated more refined sea ice models. In this
paper, we briefly review the mathematical framework for the new ice formation in sea ice. We then
propose an algorithm to expand existing sea ice models to include new ice types in the presence of waves.
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Spatio-temporal variations in snow properties on sea ice in the Weddell
Sea, Antarctica

Stefanie Arndt?, Christian Haas!, Tabea Rahm'?
1Alfred Wegener Institute Helmholtz Center For Polar And Marine Research, Bremerhaven, Germany, Christian-
Albrechts-Universitdt zu Kiel, Kiel, Germany

Snow on sea ice alters the properties of the underlying ice cover as well as associated exchange processes at
the interfaces between atmosphere, sea ice, and ocean. As Antarctic snow cover persists during most of the
year, it contributes significantly to the sea-ice mass and energy budgets due to comprehensive physical
(seasonal) transition processes within the snowpack. However, field studies reveal not only a strong
seasonality but also spatial variations from local to regional scales. It is therefore necessary to quantify
seasonal snow processes, such as internal snowmelt, snow metamorphism, and snow-ice formation at
multiple spatial scales on Antarctic sea ice.

Doing so, we present here a compilation of in-situ observations of physical snow properties on different
spatial scales revealed during expeditions in the Weddell Sea since the early 2000s, covering spring,
summer, autumn, and winter conditions.

Results from snow pit analyses in the Weddell Sea during both austral winter and spring reveal a high
spatiotemporal variability of snow parameters highlighting the need to distinguish between seasonal and
perennial snow regimes. Also, the origin of the sampled ice floes and the respective atmospheric conditions
experienced must be considered for distinguishing different snow regimes in the Weddell Sea.

Combining data of vertical snow structures from spatially and temporally local measurements (point
measurements) with snow accumulation data from ice-tethered autonomous platform (buoys) drifting
through the Weddell Sea year-round (trajectory data) allows to investigate seasonal snow processes for the
entire Weddell Sea basin.
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Sea-ice growth from the top: Meteoric ice and snow in the northwestern
Weddell Sea, Antarctica

Stefanie Arndt!, Hanno Meyer?, Ilka Peeken?, Christian Haas!
1Alfred Wegener Institute Helmholtz Center For Polar And Marine Research, Bremerhaven, Germany, *Alfred Wegener
Institute Helmholtz Center For Polar And Marine Research, Potsdam, Germany

Summer sea ice extent in the Weddell Sea has increased overall during the last four decades, with large
interannual variations. However, the underlying causes and the related ice and snow properties are still
poorly known.

Here, we present results of the interdisciplinary Weddell Sea Ice (Wedlce) project carried out in the
northwestern Weddell Sea on board the German icebreaker R/V Polarstern in February and March 2019, i.e.
at the end of the summer ablation period, focusing on 21 ice cores sampled for texture, salinity and isotope
analysis.

The ice at the coring sites had an average thickness of 178 cm with an average snow depth of 13 cmand a
consistently positive freeboard. Isotope and salinity analyses revealed an average meteoric ice fraction of
23%. This included about 17% (22cm) snow-ice, saline sea ice formed by flooding and refreezing of snow at
the snow/ice interface. In contrast, superimposed ice, fresh sea ice formed through melting and refreezing
of snow only, account for about 6% (11cm) of the sea-ice thickness. Within the study region between 62°S
and 66°S, no spatial gradients were apparent. However, this study reveals a higher proportion of
superimposed ice compared to previous campaigns in both the same and other areas of the Weddell Sea,
indicating changes in the amount of surface summer melt/thaw.

These results highlight the importance of a better understanding of snow accumulation and metamorphism
patterns on Antarctic sea ice as it might be a major component controlling the evolution of the underlying
sea-ice cover.
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Seasonality of sea-ice and snow properties from autonomous ice-tethered
platforms in the Weddell Sea, Antarctica

Stefanie Arndt!, Mario Hoppmann?, Leonard Rossmann?, Louisa von Hiilsen?, Marcel Nicolaus*
1Alfred Wegener Institute Helmholtz Center For Polar And Marine Research, Bremerhaven, Germany

Studying seasonally varying snow and sea-ice properties in the ice-covered oceans is a key element for
investigations of processes between atmosphere, sea ice, and ocean. A dominant characteristic of Antarctic
sea ice is the year-round snow cover, which substantially impacts the sea-ice energy and mass budgets, e.g.
by preventing surface melt in summer, and by amplifying sea-ice growth through extensive snow-ice
formation. However, substantial observational gaps in the seasonal cycle of the Antarctic pack ice and its
snow cover lead to a limited understanding of important processes in the ice-covered Southern Ocean.
Here, we introduce a unique observational dataset comprised of a number of critical parameters relevant to
sea ice and its snow cover, recorded by a suite of snow and ice-mass balance buoys (IMBs) deployed in the
Weddell Sea between 2013 and 2019.

Using snow buoy data, we infer a year-round, mainly event-driven snow accumulation of up to 90cm on the
Weddell Sea pack ice, which only melts during the summer months after drifting into the marginal ice zone.
Vertical temperature profiles from co-deployed IMBs are used to validate these findings, and to calculate
energy budgets across the atmosphere-ocean boundary. From these calculations, we get highest monthly
sea-ice growth rates of about 10cm in May, while sea-ice melt is most dominant in the marginal ice zone
with a monthly rate of about 50cm in December.

Our results highlight that data from autonomous, ice-based platforms are a key element in better
understanding sea-ice and snow properties and their seasonal evolution.
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Climate Response to Projected Antarctic Sea Ice Loss

Holly Ayres?, James Screen?
IUniversity Of Exeter, Exeter, United Kingdom

Since accurate satellite records began, Antarctic sea ice cover has slightly increased, but with significant
regional variation. Antarctic sea ice is projected to dramatically decrease by the end of the 21st century if
greenhouse gas concentrations continue to rise. Sea ice plays a significant role in climate of the high
latitudes of the Southern Hemisphere, whereby changes may have resultant consequences on the large-
scale atmospheric circulation, such as the Southern Annular Mode. Other impacts may include changes to
the Meridional Overturning Circulation and consequently, further afield climates. Despite this, limited
studies have been conducted on the impacts of Antarctic sea ice loss. Using the UK Met Office HadGEM3
model, we have run a coupled model explicitly simulating the climate response to Antarctic sea ice loss via
an albedo feedback mechanism. Results indicate a ‘mini global warming’ response to Antarctic sea ice loss
alone. The Southern Hemisphere dynamic response leads to a negative SAM index associated with an
equatorward shift in the westerly jet, agreeing with previous studies. However, results are not only confined
to the Southern Hemisphere, but reach as far as the Arctic, causing subsequent Arctic sea ice loss. To
determine the atmospheric and ocean pathways, we have also run an atmospheric only model. Here we will
propose a mechanism for this cross-hemispheric process and accentuate the importance of using a coupled
model.
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Fast ice controls on turbulent mixing rates on the West Antarctic
Peninsula shelf

Alexander Brearley?, Mark Inall?
1British Antarctic Survey, Cambridge, United Kingdom, ?Scottish Association for Marine Science, Oban, United Kingdom

The ocean surface boundary layer (OSBL) experiences momentum and buoyancy input from the
atmosphere, which are strongly implicated in the seasonal development of the mixed layer. However, in
polar shelf seas during winter, the presence of a rigid layer of fast ice can render a profoundly different
OSBL, where fluxes are strongly suppressed. While the under-ice OSBL has been extensively studied in the
Arctic, no study, to the best of our knowledge, has quantified the dissipation rate at the same location
under contrasting fast-ice covered and fast-ice free conditions in the Antarctic. In this study, we report on a
set of hydrographic and turbulence observations taken in February and August 2016 in Ryder Bay, West
Antarctica, alongside accompanying meteorological and velocity observations. The results yield a profoundly
different OSBL in the two seasons. Dissipation rates in the top 100 m are strongly enhanced in the ice-free
season compared with the fast-ice covered season (values of ~6 x 10-9 W kg-1 compared with ~1.5 x 10-9 W
kg-1). Analysis of a neighbouring moored ADCP suggests that this is attributable to a significant increase in
wind-generated near-inertial energy in the upper ocean during summer. By contrast, in winter, dissipation
in the top 30 m of the water column appears to exhibit a law-of-the -wall type scaling. While the upwards
heat fluxes are modest (typically 1.5 W m-2), the rapid reduction in West Antarctic fast ice observed over
the last 30 years may lead to a change in the dynamics of the OSBL.
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Summertime winds, seasonal heat storage, and wintertime ice in the
southern ocean

Edward Doddridge?, John Marshall?, Jean-Michel Campin?, Hajoon Song?®
IUTAS, Hobart, Australia, °MIT, Cambridge, USA, 3Yonsei University, , Korea

Stronger summertime westerly winds lead to anomalously cold sea surface temperature in the following
weeks and months. Here we present a mechanism by which these winds can also cause anomalously warm
wintertime sea surface temperatures and a reduction in the maximum wintertime sea ice extent. Strong
summertime winds lead to enhanced vertical mixing, which draws heat downwards from the warmer
surface waters. At the same time, anomalous atmospheric heat fluxes act to damp the cold sea surface
temperature anomalies, drawing additional heat into the ocean. As the mixed layer deepens during the
autumn months, the subsurface heat anomalies are brought back to the surface, leading to anomalously
warm sea surface temperatures and reduced sea ice extents. Using a combination of observations and
models we assess this mechanism in a zonally averaged context, and speculate about its importance
regionally.
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The asymmetric seasonal cycle of Antarctic Sea Ice in the CESM Large
Ensemble

Clare Eayrs?, Daiane Faller?, David Holland*?
ICenter for global Sea Level Change, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates, ?Courant
Institute, New York University, New York, USA

Each year, Antarctic sea ice takes seven months to grow to its maximum extent but only five months to
melt. Wind-driven Ekman transport has been suggested as a key mechanism driving this asymmetry with
the direction of the Ekman transport depending on the position of the ice edge in relation to the
circumpolar trough that circles the continent between 60° and 70°S. During autumn, easterly winds act to
slow the advancing ice edge, whereas in summer, Ekman divergence, created by opposing winds on either
side of the low-pressure band, opens up warm water regions that rapidly melt sea ice. However, this
mechanism has so far not been quantified.

We examine the relationship between asymmetry in the annual cycle of sea ice extent and the position and
intensity of the circumpolar trough in the 40 ensemble members from the CESM-LENS historical run (1920-
2005). CESM-LENS reproduces the annual cycle of sea ice extent well and these outputs are a useful tool for
investigating the variability of the annual cycle. We find the greatest variability in melt rates, whereas
growth rates remain consistent. We show that deepening of the circumpolar trough leads to increased
melts rates, thereby supporting the role of divergence in increasing the rate at which Antarctic sea ice
melts. The role of winds versus the stabilizing effect of the ocean during the growing season remains
unquantified.
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An idealized model to simulate different scenarios of ocean, atmosphere
and sea-ice interactions

Daiane Faller?, Clare Eayrs?, David Holland?
ICenter for global Sea-Level Change, New York University Abu Dhabi, Abu Dhabi, United Arab Emirates, Courant Institute
of Mathematical Sciences, New York University, ,

The interaction between atmosphere, ocean, and ice plays a significant role in global sea-level rise, an
essential area of climate change research. The growth and melt of Antarctic sea-ice occur as a result of
ocean-atmosphere exchanges of heat, momentum, and freshwater as the combination of the ocean and
atmosphere circulation. However, the sea-ice cover variations are not a passive phenomenon but a variety
of positive and negative feedback effects among those three components. Exploring the sea-ice dynamics
and ocean-atmosphere interaction is crucial to understanding the Antarctic climate system and, therefore,
the global climate system. Ocean-ice modeling highlights the sea-ice biases as a significant contributor to
the uncertainties in future predictions over Antarctica, ice sheet mass balance, and sea-level rise. We
developed a controlled idealized domain over the Southern Ocean, aiming to identify the interaction of the
different processes driving the sea-ice melt and growth annual cycling. Our ocean-ice numerical model was
developed using Regional Ocean System (ROMS) with Budgell sea-ice thermodynamics and consists of a
generic ocean with topographic and ocean features common to the Southern Ocean forced by atmospheric
climatological fields (pressure and temperature) and completely geostrophic winds. The model evolution
can prognostically calculate ice concentration and thickness and produce a feedback response that changes
the ocean-air exchange of heat. Based on that, several scenarios were created to identify mechanisms
through which the sea-ice dynamics are affected (and affect) by the ocean and the atmosphere.
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Antarctic Sea Ice Extent Reconstructions during the 20th Century

Ryan Fogt!, Amanda Sleinkofer?
10hio Univeresity, Athens, United States

Antarctic sea ice plays an important role in climate variations across the continent, as well as globally
through connections in the ocean. Yet, little is known about the range of Antarctic sea ice extent variability
prior to the modern satellite era of 1979. Indeed, the dramatic rapid decrease of Antarctic sea ice in 2016
after decades of increase demonstrates that the Antarctic sea ice system has marked variability that we do
not fully understand.

This presentation will evaluate preliminary reconstructions of Antarctic sea ice extent based on a linear
statistical model, principal component regression. Two sets of reconstructions will be analyzed, including a
monthly reconstruction that employs Antarctic station data as a predictors as well as midlatitude data, but
only extends back to 1957, and seasonal reconstructions based primarily on midlatitude predictor data that
extend back to 1905. The skill of these reconstructions will be demonstrated through independent
validation techniques, and the range of historical sea ice variability, including the recent change, will be
evaluated on much longer timescales. Such work helps to increase the understanding of Antarctic sea ice
variability and change and has implications for research in Antarctic atmospheric science, the Antarctic
cryosphere, the climate modeling community, as well as the Southern Ocean.
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The influence of mixed layer dynamics and ice-ocean feedbacks on the
seasonal cycle of Southern Ocean Sea ice

Charles Pelletier!, Hugues Goosse?, Francois Klein?

IUniversite Catholique De Louvain, Louvain-la-neuve, Belgium

The seasonal cycle of the sea ice extent in the Southern Ocean is strongly asymmetric with a relatively slow
increase followed by a more rapid decrease after the winter maximum. This asymmetry is strongly
conditioned by the changes in winds and more generally by the atmospheric forcing. Nevertheless, the
evolution of the mixed layer depth and of the ocean-sea ice heat flux is also very different between the
growing and retreat seasons, with generally higher upward heat fluxes in fall when the mixed layer is
thickening. Furthermore, the evolution of the mixed layer is not independent of that of the sea ice, as the
surface layer dynamics are controlled by the brine released during ice formation. This role of ocean surface
dynamics and ice-ocean interactions in the seasonal cycle of the ice extent is investigated here using several
simulations obtained with a new eddy-permitting (1/4°) NEMO-LIM Southern Ocean configuration including
ice-shelf-cavities. Specifically, the mixed layer depths and ice-ocean feedback are frozen in sensitivity
experiments to quantify the contributions of the various processes.



212

Antarctic Sea-Ice Decadal Variability since 1980

luri Gorenstein®
1Usp, Sdo Paulo, Brazil

It has been nearly four decades since Sea-ice extent (SIE) satellite data started being stored and studied. |
will present a new approach for the SIE statistical distribution to examine decadal changes as a function of
season for each regional sea around Antarctica using Probability Density Function (PDF).

The presentation follows an article, written by me and other researchers, sent to submission on the Journal
of Geophysical Research this January 2020, exploring the SIE data from National Snow and Ice Data Center
(NSIDC). Where the results show a significant decadal difference in the SIE normal PDF between both the
Weddell Sea sector (48% of differing data distribution between 1982-1993 and 2006-2017) and the
Amundsen-Bellingshausen (55%) for Austral Summer. These two Sea sectors is where most of the Southern
Ocean SIE variability occurs (Weddell representing 61% from the SIE growth and Amundsen-Bellinghausen
the only sector presenting a SIE decrease). In Spring the largest contribution to SIE growth is seen in the
Ross Sea (43% differing data from 82-93 to 06-17). The largest decadal differences in data distribution from
82-93 to 06-17 of the Southern Ocean is observed in Austral winter, where all individual Sea sectors present
a SIE growth.
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Wave modulation of the Antarctic marginal ice zone extent

Marzieh H. Derkani?, Alberto Alberello®?, Luke Bennetts?, Giulio Passerotti*, Alessandro Toffolit
IThe University Of Melbourne, Melbourne, Australia, ?University of Adelaide, Adelaide, Australia

The Marginal Ice Zone (MIZ) is the highly dynamic outer belt of partially ice-covered ocean formed by
unconsolidated or broken ice where ocean waves, atmosphere, and sea ice processes are closely
interlinked. This belt is operationally defined as the region where sea ice concentration falls between 15 and
80 percent. Like consolidated sea ice, also the MIZ plays a pivotal role in the global climate system by
altering fluxes of energy, mass, and momentum between the ocean and atmosphere as well as modifying
the ocean surface albedo. Knowledge of the extent of the MIZ and processes modulating it are fundamental
for climate predictions. Long term satellite data records provide an extensive database for the investigation
of the MIZ and its extension and variability. Here we will discuss the correlation between ocean surface
waves and the extent of MIZ. To accomplish this task a database of sea ice concentration from the Ocean
and Sea Ice Satellite Application Facility (OSI-SAF) and Advanced Microwave Scanning Radiometer (AMSR-2)
as well as altimeter observations of significant wave height and wind speed obtained from the Australian
Ocean Data Network (AODN) will be used. Both data-sets cover a period of 34 years spanning from 1985 to
2019. Results indicate that the MIZ extent is modulated by wave height with large extents occurring in
months of energetic wave regimes.
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Sea-ice lead climatology for the Antarctic based on MODIS satellite data

Fabian Reiser!, Sascha Willmes?, Ute Hausmann?, Guenther Heinemann'
IUniversity Trier, Trier, Germany, °Sorbonne-Université, LOCEAN-IPSL, Paris, France

Sea-ice leads are characterized by open water and thin ice causing large energy and moisture fluxes
between ocean and atmosphere. Furthermore, they contribute to the ice production and provide a habitat
for animals. In the present study, thermal satellite data from the Moderate Resolution Imaging
Spectroradiometer (MODIS) are used to derive Sea-ice lead climatology for the Antarctic for the winter
periods 2003-2018 (April-September). This study presents the first high-resolution climatology of sea ice
leads for the Southern Ocean. The long-term average lead frequency distribution suggests a strong
relationship between leads, bathymetry, and associated tides and currents. These findings are supported by
coupled ocean-sea ice model simulations. In particular, pronounced patterns associated to the shelf break
and several seabed ridges are detected.
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Re-evaluating the Conventional Definition of the Marginal Ice Zone for the
Antarctic

Ehlke Hepworth?, Marcello Vichi*?, Alberto Alberello®*, Alessandro Toffoli*

IUniversity of Cape Town, Cape Town, South Africa, °Marine Research Institute, University of Cape Town, Cape Town,
South Africa, 3School of Mathematical Sciences, University of Adelaide, Adelaide, Australia, *Department of Infrastructure
Engineering, The University of Melbourne, Australia

In polar regions, sea ice is a key factor modulating physical and biogeochemical exchanges between the
ocean and atmosphere. The marginal ice zone (MIZ) is particularly sensitive to rapid variations in ocean and
atmospheric drivers, which poses a challenge for its proper inclusion in climate models. The MIZ is
conventionally defined as 15% to 80% sea ice concentration (SIC). Here, we provide direct evidence that
challenges this concentration-based definition through a combined analysis of in-situ, satellite, and
reanalysis data. SIC observations were made in winter 2017 and 2019 onboard the R/V S.A. Agulhas Il to
verify satellite and reanalysis SIC estimates in the Atlantic sector. We used the Antarctic Sea Ice Processes
and Climate (ASPeCt) protocol complemented by software-based, automatically-acquired SIC to account for
the subjective bias inherent in ship-based observations. The Antarctic winter MIZ was dominated by
pancake ice with frazil ice located in the interstices between the individual pancakes. These MIZ conditions
were observed for 150-200 km while the remote sensing MIZ was less than 90 km. Most observations
recorded pancake ice cover of 50% to 90% SIC and total ice cover (pancake and frazil ice) of 100% SIC. Our
data indicates that there is a discrepancy between the concentration-based MIZ definition and the observed
surface characteristics of the MIZ during its advancing phase. The MIZ appears to cover larger distances
than what is predicted from satellite observations. This extended cover may have implications on surface
fluxes through ice, impacting the Antarctic MIZ's representation in climate models.
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The dynamics of Southern Ocean and sea ice response to different
anthropogenic forcings

Will Hobbs*?3, Laura Landrum?*, David Schneider?, Marika Holland*
IUniversity Of Tasmania, Hobart, Australia, Australian Antarctic Program Partnership, Hobart, Australia, 3ARC Centre of
Excellence for Climate Extremes (CLEX), Hobart, Australia, *National Centre for Atmospheric Research, Boulder, USA

The high latitude Southern Ocean's response to anthropogenic forcing is a complex interplay of wind and
radiative changes at the surface, modulated by the ocean's overturning circulation, and by ocean-sea ice
feedbacks. The response to greenhouse gasses and stratospheric ozone depletion is expected to be subtly
different, which has implications for projected change as their relative importance changes over the coming
decades. Therefore, to constrain projections, a mechanistic understanding of how the ocean-sea ice system
responds to them individually is essential.

However, isolating the physical mechanism of this response is complicated by the low signal-to-noise ratio
of much of the Southern Ocean (i.e. the signal of climate change is small compared to the high internal
variability of the system).

To address this issue, we analyse output from single-forcing experiments in the CESM Large Ensemble. We
find that the pattern of wind responses to these forcings is quite similar, but the seasonality is different. This
has implications for the ocean's response, and suggests that over the historical period greenhouse gasses
may have been a more important factor on Southern Ocean circulation change than ozone depletion.
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Recent sea ice and climate variability in East Antarctica

Florence Isaacs?, James Renwick?, Andrew Mackintosh?, Ruzica Dadic!
Wictoria University Of Wellington, Wellington, New Zealand, ?Monash University, Melbourne, Australia

Antarctica’s sea ice cover is an important component in the global climate system. The variability and recent
trends in sea ice concentration are, however, not accurately reproduced by models. This is in part because
the processes that determine sea ice distribution are not yet well understood, particularly in the East
Antarctic region. With the growing recognition that areas of East Antarctica such as Wilkes Land are more
vulnerable to climate change than previously assumed, further research into the drivers of sea ice variability
is needed to enable accurate projections of how Antarctic sea ice and climate is likely to change in the
future. Here we investigate the effects of climate variability on recent sea ice concentration around East
Antarctica by examining the HadISST 40-year (1979-2018) satellite sea ice concentration record and ERA5
atmospheric reanalysis data. Preliminary analysis of the Wilkes Land region shows that sea ice variability
was linked with the Indian Ocean Dipole (IOD), where negative IOD phases were associated with reduced
sea ice concentration in austral spring, and also to sea surface temperatures (SST) in the equatorial Indian
Ocean, along with the Southern Annular Mode (SAM). Further analysis will examine the mechanisms by
which these links occur, and the extent to which they may affect change in the East Antarctic Ice Sheet. This
will allow for a better understanding of the influence of atmospheric variability on the East Antarctic
cryosphere, and lead to more accurate modelling of sea ice extent in the Southern Ocean.
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Satellite observation of a large open ocean polynya on the Maud Rise
seamount

Babula Jena!, M Ravichandran?, John Turner?
INational Centre for Polar And Ocean Research, Vasco-da-gama, India

Open-ocean polynyas are the regions of open water within the seasonal sea-ice cover, occurs away from the
shore. The occurrence of such polynya is known to have consequence on the Antarctic bottom water
propertie, atmospheric circulation, Antarctic marine ecosystem, carbon uptake and primary production.
Satellite observations show that a large and most prolonged Maud Rise polynya (Lazarev Sea), reappeared
on 14 September 2017 for the first time since its frequent appearance during the 1970s. On 14 September
2017, the areal extent of the polynya was ~9.3 x 103 km2 which expanded maximum on 1 December 2017
up to ~298.1 x 103 km2, lasting for 79 days. The formation of the polynya was due to the combined
influence of the (i) existence of the geological features such as seamount (leads to local upliftment of
thermocline), (ii) upwelling of warm water into the upper ocean from the thermocline (induced by a large
cyclonic ocean eddy and negative wind stress curl), and (iii) the large-scale anomalous atmospheric
warming. The mechanism of polynya formation in 2016 was similar to that of 2017.
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Evaluation of the crystal structure of Antarctic Sea Ice from the Marginal
Ice Zone from winter and spring 2019

Siobhan Johnson?, Tokoloho Rampai?, Marcello Vichit
IUniversity Of Cape Town, Cape Town, South Africa

The South Atlantic Marginal Ice Zone (MIZ) is a region of the Southern Ocean that has historically been
under-researched with its sea ice being inaccessible during the winter and spring months. Sea ice crystal
structure and stratigraphy has been widely researched and is well-understood across many regions and ice
types. However, studies have not shown how sea ice crystal stratigraphy may differ with seasons in a region,
as well as how weather and climate systems definitively may affect it. Additionally, pancake sea ice and its
stratigraphy has not been reported due to the difficulty of in-situ testing of the structures. The research to
be presented aims to describe the difference in Antarctic sea ice in the South Atlantic MIZ collected in the
winter and spring of 2019 at different locations. This includes describing the crystal stratigraphy of pancake
ice, consolidated ice and brash ice, which will be carried out using cross-polarisation techniques.
Additionally, it is hypothesised that the intensity of passing low pressure systems affect the resulting crystal
stratigraphy of the sea ice in the region, by inducing a deformation process that can lead to granular ice
found at unusual depths in the sea ice.
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Southern Ocean circulation and Antarctic sea ice in a global coupled
ocean-sea ice model at three resolutions

Andrew Kiss?, Petra Heil?, Paul Sandery?, Andy Hogg
IAustralian National University, Canberra, Australia, Australian Antarctic Division, Hobart, Australia, 3CSIRO, Hobart,
Australia

ACCESS-OM2 is a suite of three global coupled ocean - sea ice model configurations at 1, 0.25 and 0.1-
degree horizontal resolution, consisting of the MOM5 ocean model coupled to the CICES sea-ice model and
driven by a prescribed atmosphere (JRA55-do). We will present a comprehensive assessment of the
performance of these configurations relative to available ocean and sea ice observations in the Southern
Ocean and Antarctic, highlighting the improvements we obtain at increased horizontal resolution. We will
also discuss the ability of these models to represent sea ice trends, including the recent decline in Antarctic
sea ice extent.
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Ocean-ice interaction in subpolar Southern Ocean generates internal
pycnocline

Andreas Klocker™?, Alberto Naveira Garabato®, Fabien Roquet®, Casimir de Lavergne®, Steve Rintoul®’

IUniversity of Tasmania, Hobart, Australia, ?Australian Research Council Centre of Excellence for Climate Extremes,
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Sorbonne University, Paris, France, *Commonwealth Scientific and Industrial Research Organisation, Oceans and
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The internal pycnocline delineates the interface between the wind-driven circulation in the upper
S\sim$1000 metres of the ocean, where most of the global ocean uptake of heat and anthropogenic carbon
takes place, and the sluggish abyssal circulation below. While ocean observations robustly show the
existence of the internal pycnocline, to date our knowledge about the dynamics leading to the generation of
this interface is very limited. Here we show that the internal pycnocline is generated by upper-ocean
processes in the subpolar Southern Ocean. The internal pycnocline layer integrates multiple high potential
vorticity (PV) sublayers that emerge at the base of the winter mixed layer in different regions of the
Southern Ocean. The high-PV layers are produced via ocean-sea ice interaction. As the internal pycnocline
layer lies within a density class characterised by zero residual flow, the pycnocline’s high-PV signal is
inferred to propagate northward from the subpolar Southern Ocean via diffusive processes. This process
points towards the crucial role of ocean-sea ice interaction in setting the vertical structure of the ocean.
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Wind-driven Sea-Ice Change intensifies subsurface Ocean Warming near
West Antarctic

Xichen Li*
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China

Climate change observed around Antarctica in recent decades is characterized by distinctive zonally-
asymmetric patterns, most pronounced over West Antarctica. The change is evident throughout the
cryosphere, marked by land ice melting, thinning of ice shelves, and sea-ice redistribution around West
Antarctica, associated with temperature and circulation anomalies in the atmosphere and ocean. Here we
examine the links between these changes using observations and numerical simulations. Results show that
atmospheric circulation change drives variations in sea-ice distribution and ocean circulation. Most
importantly, sea-ice variability alters the efficiency of the ocean’s salt pump, driving sub-surface ocean
warming and sub-surface salinity increase around West Antarctica through changes in surface salinity and
freshwater fluxes. This sub-surface warming may potentially contribute to West Antarctic land ice melting,
with important implications for global sea-level rise.
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The Ocean’s role in driving Antarctic sea ice variabilities

Stephy Libera?, Will Hobbs'?, Andreas Klocker*?, Amelie Meyer®?, Richard Matear?
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Antarctic sea ice processes strongly interact with the atmosphere and the ocean. The changes occurring in
sea ice affect the ocean, which could lead to long-lasting effects that can further impact the sea ice. The
annual cycle of sea ice influences the formation of bottom and intermediate water masses, which is relevant
in the absorption of carbon and heat into the ocean. Hence the changes in sea ice have an effect on global
heat and carbon budgets.

In this study, we look at the impact of ocean-sea ice interactions on sea ice trends and predictability using
satellite sea ice data from 1985 to 2016. The analysis confirms previous studies showing that spring sea ice
is related to anomalies in subsequent seasons. Furthermore, we identify regions of ‘persistence’, where
anomalies continue throughout the summer and autumn, and ‘re-emergence’, where anomalies disappear
in summer but re-emerge in autumn. Almost all regions have re-emergence, which is stronger in Ross and
Weddell seas. Analysis conducted using the ocean-sea ice model (ACCESS-OM2) also produce persistent and
re-emergent patterns. To better understand the physical processes driving these re-emergence and
persistence patterns, we will analyse a high-resolution ocean-sea ice model.
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SIPN-South: Coordination of sea-ice predictions for the Southern Ocean

Jan Lieser'?, Francois Massonnet?, Phillip Reid?, John Fyfe*, Will Hobbs?, Cecilia Bitz®
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The Sea Ice Prediction Network’s endeavours are expanded to the Southern Ocean by the SIPN-South
project. We provide a focal point for seasonal Antarctic sea-ice predictions to the community and offer a
platform for interested parties to openly discuss methods and results and assess model performance
against observations based on passive microwave remote sensing data. We have completed two exercises
to forecast summer sea-ice conditions during the Year Of Polar Prediction and are continuing on with a third
season in 2019/20. It is envisaged that the project will continue and expand.

In this paper, we will present results from the three already completed austral summer sea-ice predictions
and discuss the outcomes, including comparison against satellite data. While we acknowledge that the
models that participated in the exercises so far are not yet employed for operational predictions, it is our
goal to facilitate discussions and potentially inform decision processes when forecasting summer sea-ice
conditions in the Southern Ocean.
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Antarctic Sea Ice variability in connection to local and remote forcing

Alvarinho Luis?, Neelakshi Roy?
INational Centre for Polar & Ocean Research, Vasco-da-Gama, India, 2Kumaun University, Almora, India

In-spite of global warming, the Southern Hemisphere (SH) is the only cryospheric domain that portrays a
positive long-term trend in sea ice extent (SIE, 2.61+2.34%/decade) and seasonal (summer 1+0.94%/decade,
autumn 3.5310.31%/decade, winter 1.04+0.46%/decade and spring 0.94+0.46%/decade), over the 1979-
2018. The Ross Sea (2.11+1.32%/decade), Indian Ocean (1.25+1.40%/decade) and Pacific Ocean
(1.89+1.57%/decade) also had positive trends, while the Bellingshausen & Amundsen Seas (-2.43+
1.91%/decade) exhibits negative trends, and the Weddell Sea (0.81+1.11 %/decade) experience a mixture of
positive and negative trends. Since 2014, the sea ice extent has exhibited a dip (-4.2+3.4%/year). Local
forcing factors like winds, sea surface (SST) and air temperature (Ta), and turbulent heat flux (TF) and
teleconnections like Southern Oscillation Index (SOI), Pacific Decadal Oscillation (PDO), Atlantic
Multidecadal Oscillation (AMO), and Southern Annual Mode (SAM) were examined over each decade (1979-
1988, 1989-1998,1999-2008, 2009-2018) using Pearson correlation for each of the five sectors. For entire
SH, SST, Ta, AMO were highly correlated to SIE during 2009-2018, compared to earlier decades. For Weddell
Sea and Indian Oceans, SST and Ta was highly correlated to SIE, while for Pacific Ocean sector only Ta is high
correlated, for all decades. SST and Ta were found to be high correlated with SIE for Bellingshausen &
Amundsen Sea for all decades. For the Ross Sea SST & Ta are negatively correlated to SIE during 2009-2018.
PDO was negatively correlated to SIE during 1979-1988 which switched sign during 1989-2008 for Weddell
Sea. The role of local forcing dominates SIE in the last decade.
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Understanding the Relationships between Sea Ice Extent Variations and
Surface Winds at Multiple Temporal and Spatial scales

Adrian Mcdonald?
IUniversity Of Canterbury, Christchurch, New Zealand

This presentation describes progress towards understanding how winds influence sea ice and whether the
relationship between sea ice and winds vary at different temporal and spatial scales. The aim of this work is
to quantify the sensitivity of sea ice concentrations to surface winds and whether there are thresholds
associated with the wind speeds or other factors which must be passed for different sea ice regions to
respond to these winds. The relationships to high and low frequency variations are also examined
specifically and the underlying physical processes which explain these responses. To analyse these
processes, we examine the Bootstrap sea ice concentration (SIC) satellite data set derived from SSM/I
brightness temperatures and how they are connected to surface winds from the ERAS reanalysis over the
period 1979 to 2018. While analysis is completed over the entire sea ice zone around Antarctica, special
attention is paid to the Ross Sea region and the Ross Sea Polynya. In particular, a range of machine learning
schemes are tested to determine whether they can be used to identify spatial regions in which sea ice
responds to winds coherently.
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Antarctic sea ice budgets in ACCESS-CM2 model compared to other CMIP6
models.

Siobhan O'Farrell?, Arnold Sullivan?, Dave Bil, Petteri Uotila?
1CSIRO Oceans And Atmosphere, Aspendale,, Australia, ?University of Helsinki, Helsinki, Finland

The ACCESS-CM2 model has a realistic Southern Hemisphere sea ice extent and area in winter in the
historical and pre-industrial control simulations but too little ice in summer. The model’s ice thickness is too
thin compared to the limited shipboard observations that exist in the ASPeCt data set. We have compared
these results with the sea ice results in ACCESS ESM1-5 which were similar to the results from the CMIP5
model ACCESS1-3. All three models have a warm bias in the Southern Ocean sea surface temperature (a
common feature in many climate models) which contributes to the summer ice extent bias seen in ACCESS-
CM2.

For SIMIP, a project of CMIP6, additional diagnostics have been saved that allow us to investigate the sea
ice budget: components that lead to ice growth (frazil, basal, snow ice), melt processes (top, basal, lateral),
loss due to sublimation and ice advection. There has already been an inter-comparison study on these
SIMIP budget terms on the Arctic region. Here we undertake one for the Antarctic and for key regional
sectors of the Antarctic, where the response is due to different atmospheric and oceanic drivers.

We compare ACCESS-CM2 results with selected CMIP6 models that also have a full set of data of the
required budget terms, available through the Earth Systems Grid, and that produce a realistic winter sea ice
maximum extent and some summer sea ice coverage.



1519

Sea ice state along the Victoria Land Coast, Western Ross Sea,
characterized by airborne and satellite measurements in spring 2017

Wolfgang Rack?, Christian Haas?, Pat Langhorne?, Dan Price?, Greg Leonard?
IUniversity of Canterbury, Christchurch, New Zealand, ?Alfred Wegener Institute, Bremerhaven, Germany, University of
Otago, Dunedin, New Zealand

Direct assessment of the sea ice mass balance requires information about ice thickness, which is a major
uncertainty in Antarctic sea ice studies. We aim to establish a relationship between satellite derived trends
in sea ice cover and region-wide ice thickness distribution. In 2017 we conducted airborne measurements
over pack ice, partly along CryoSat-2 satellite altimeter tracks, to assess sea ice morphology between Ross
Island and Cape Adare. Our objective is to shed light on geophysical processes which allow to better explain
the complex sea ice structure in this important region of net sea ice production. As our main instrument we
used an airborne electromagnetic induction sounder, which is deployed from a DC-3 aircraft simultaneously
with a lidar and camera.

We present the results of our survey flights in combination with a satellite data assessment to characterize
the sea ice morphology in the area. For our statistical analysis of the pack ice conditions we take into
account the sea ice drift pattern during the airborne observations. Strong ice thickness gradients have been
observed from the polynya regions towards the central Ross Sea as a result of thermodynamic growth. Ice is
then heavily deformed in export regions of the McMurdo Sound and Ross Sea polynya where it converges
with ice originating from Terra Nova Bay. Variations in modal thickness are identified as various stages of
deformed ice. An improved picture of the formation history and current state of the sea ice the Western
Ross Sea is drawn.
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The Annual Cycle of Antarctic sea ice extent: the influence of the Semi-
Annual Oscillation on phase.

Marilyn Raphael®, Mark S. Handcock®
IUniversity of California - Los Angeles, Los Angeles, United States

The annual cycle of Antarctic sea ice extent is asymmetric. On average, total Antarctic sea ice extent
expands (advances) for approximately seven and a half months, from late February to late September, and
contracts (retreats) for four and a half months each year. While other factors may influence the size of the
extent, previous research suggests that the timing of the growth and retreat stages, also called the phase, is
in part due to the influence of the semi-annual oscillation (SAO) of the Antarctic circumpolar trough
(Enomoto and Ohmura, 1990; Watkins and Simmonds, 1999). Using observed daily sea ice extent, we create
and evaluate a timeseries of the phase of Antarctic sea ice over the period 1979-2018. Using sea ice
concentration, sea level pressure, and winds, over the same period, we compare the strength and timing of
the observed SAO and the related winds with the variability of the observed phase of the annual cycle and
the breakup of ice within the pack. The results are used to help understand the anomalously rapid sea ice
decay which occurred in 2016.
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What we can learn from a year of sea ice

Phil Reid?, Sharon Stammerjohn?, Rob Massom®’, Sandra Barreira®, Ted Scambos®, Jan Lieser?, Zhaohui
Wang®
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Antarctic sea ice is an integrator of ocean, atmosphere and cryosphere climate elements and reveals facets
of these climate systems and their interactions that are otherwise difficult to observe. Here we examine
these interactions with a focus on the regional and seasonal variability of sea-ice cover and associated
drivers. We use and expand on the analysis from the most recent Bulletin of the American Meteorological
Society's State of the Climate Antarctic sea ice report for the year 2019, while briefly putting this into
historical perspective. We cover the large-scale drivers of sea ice, setting the regional variability into context
with long-term trends. Factors considered include tropical drivers (high-low latitude interaction), cross-
cryosphere interactions, and sea-ice momentum. We also touch on the influence of transient cyclones on
the position of the sea ice edge.
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Upper ocean properties around the South Orkney Islands, Antarctica, in
two years of contrasting sea ice conditions
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The South Orkney Islands and the surrounding plateau, situated in the Weddell Scotia Confluence between
the Antarctic Circumpolar Current and the Weddell Front, are a highly productive and important region for
the ecosystem in the Atlantic sector of the Southern Ocean. A hotspot for Antarctic krill, the region is a key
fishing ground for the commercial krill fishery. Processes influencing the advection and retention of krill
around the South Orkneys have impacts not only locally, but across a wider region downstream. The
circulation around the South Orkney Plateau is dominated by a topographically steered boundary current
which transports surface and intermediate water masses along the shelf break. In this study, we present
observations from two hydrographic surveys across the plateau in 2016 and 2019. These two years were
characterized by opposing patterns in the sea ice coverage prior to the surveys, and the large-scale climate
state linked to El Nifio. We analyse water mass properties and transformations along the pathway of the
boundary current and explore linkages to sea ice and the atmosphere through freshwater input from ice
melt and sea surface temperature anomalies. Particular focus is on the northern edge of the plateau and a
canyon situated on the northwest of the plateau, in which large krill aggregations frequently occur.
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Where is it and what is it doing?
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A precise knowledge of the thickness of sea ice is important for: estimating sea ice volume; determining
mechanical strength; understanding light penetration; and monitoring the sea ice growth and decay.
However, defining the underside of the ice is not straightforward, for example in McMurdo Sound,
Antarctica when a sub-ice platelet layer is present. The friable sub-ice platelet layer consists of ice platelets
of seemingly random orientation under the consolidated sea ice. Thermistor strings are commonly used to
observe sea ice thickness over long time periods and different methods of processing thermistor data are
found in the literature. So far, there is very limited understanding of the uncertainties associated with
estimating sea ice thickness from thermistor strings. This makes it difficult to quantify natural variability and
assess whether changes are part of a long-term trend. We present an analysis of sea ice thicknesses
calculated from thermistor strings deployed in McMurdo Sound over two decades. We compare different
methods of processing the data to determine the ice-ocean interface and investigate the robustness,
precision and accuracy of these methods. The results are compared to other acoustic/mechanical methods
and locations. The resulting 20 year thickness time-series provides the rare opportunity to quantify
interannual variability and study existing or emerging trends in McMurdo Sound sea ice whilst talking into
account the uncertainties introduced by the methods. The aim is to make it easier to analyse and compare
observations, and assist in constraining the range of variability and the rate of change in sea ice thickness.
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Investigating ocean and atmosphere anomalies on and off the Ross Sea
continental shelf to help explain persistent low sea ice in the Ross Sea
since spring 2016

Sharon Stammerjohn?, Stephen Ackley, Ted Maksym, Mike Dinniman, Erick Rogers, Madison Smith, Pete
Sedwick, Phillip Reid, Rob Massom
IUniversity Of Colorado Boulder, Boulder, United States

Several mechanisms have been previously proposed to explain the record-breaking low sea ice extent in the
Ross Sea in spring 2016, including the high latitude response to tropical forcing, combined with internal &
regional atmospheric variability (e.g., zonal wave 3, SAM), as well as persistent ocean thermal anomalies
operating at seasonal to decadal time scales. This record low spring sea ice extent in the Ross Sea was
particularly noteworthy since it stood in stark contrast to the strong positive sea ice extent trends previously
observed in all seasons in the Ross Sea (though strongest in autumn and spring).

Remarkably, since spring 2016, the Ross Sea continues to experience anomalously low sea ice extent. Here
we explore autumn-winter ocean data acquired during PIPERS (Polynyas, Ice Production and seasonal
Evolution in the Ross Sea) in 2017 to explore both ocean (e.g., anomalous surface/sub-surface ocean heat
and water mass distribution) and atmospheric (e.g., anomalous wind/wave and surface solar heating)
processes that may have contributed to the anomalously late autumn-winter ice edge advance and
thickness evolution in 2017. We also highlight potentially different mechanisms that may be operating on
and off the continental shelf as well as seasonally. Finally, the 2017 ocean and atmospheric conditions are
compared to available historic data to explore potential explanations for the multi-year persistence of low
sea ice in the Ross Sea since spring 2016.
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Sea ice and tidal rectification drive the Antarctic Slope Front
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The Antarctic Slope Front (ASF) separates the cold waters of the Antarctic continental shelf from the
warmer waters of the Southern Ocean. Previous studies have explained the ASF as a result of wind-driven
Ekman transport toward the coast, but have largely overlooked two key drivers of the circulation: (i) sea ice,
which mediates momentum input to the ocean, and (ii) acceleration of the along-slope flow by tidal
motions.

In this presentation we first investigate the momentum balance and overturning circulation of the ASF using
a high-resolution (1/48th degree) global ECCO2 ocean/sea ice simulation. Over the continental slope, we
show that surface stresses associated with sea ice drift accelerate the ocean flow westward, and the
resulting Ekman overturning circulation serves to steepen the ASF. In contrast, over the continental shelf
break we find that tides accelerate the flow to a similar speed as the overlying sea ice, such that the surface
stress approximately vanishes. Consequently tides, rather than surface stresses, drive the overturning
circulation that steepens the ASF at the shelf break.

To elucidate this interplay between tides and sea ice in the ASF, we conduct process-oriented high-
resolution simulations with varying sea ice thicknesses, tidal amplitudes, and cross-slope buoyancy
gradients. We find that ice-ocean drag and tidal rectification primarily control the barotropic component of
the along-slope flow, while cross-slope buoyancy gradients primarily set the baroclinic structure of the ASF.
These findings therefore revise current understanding of the processes that set the ASF's density structure,
ocean transport and sea ice drift.
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The role of Antarctica sea ice on modulating the Primary Productivity in
the Southern Ocean

D Swain?, Nibedita Behera?, Sourav Sil*
T Bhubaneswar, Bhubaneswar, India

Chlorophyll concentration (Chl-a) is a primary proxy for primary productivity in the oceans. Various physical
and biogeochemical parameters are known to govern Chl-a. In the Southern Ocean, sea ice is known to be
one of the major factors affecting the regional temperature of the ocean and hence its primary productivity.
Hence, analyzing the variations in regional sea ice extent in this region would assist in understanding the
Chl-a, and hence primary productivity. Further, sea ice is also quite sensitive to the effects of climate
change. The sea ice extent and corresponding Chl-a variability in the Southern Ocean have been studied in
this work utilizing more than 35 years remotely sensed sea ice data and about 15 years of Chl-a and Sea
Surface Temperature observations. It was found that the offshore katabatic winds blowing from the
Antarctic coast enhances the sea ice extent during winter, while diminishing the sea ice melting in the
summer. The Weddell region shows the highest sea ice extent of 3x106 km2 during summer, where as other
regions show a sea ice extent of less than 1.9x106 km2, where the wind blows alongshore or towards the
coast. The vertical structure of various bio-physical parameters in the Southern Ocean as available from few
Bio-Argo floats in the study region were also examined which revealed the nutricline in the region to directly
affect the Chl-a distribution.
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Reconsideration of snow effect on growth and preservation for Antarctic
multi-year landfast sea ice
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Long-lived perennial sea ice, or multi-year ice (MYI), has been formed near the front of ice sheet and
glaciers. Landfast MYI has a buttress role for glaciers and a factor affecting variability of ocean-glacier
subsystem. Satellite observations suggest that MYI has existed for over 30 years in Litzow-Holm Bay near
39E in East Antarctica. Under heavy snow condition, sea ice is supposed to be upward thicker through
formations of snow ice and/or superimposed ice. Even in much snow, sea ice has not grown indefinitely,
according to an airborne-EM measurement data. MYI existence contributes to landfast ice stability. Stable
or unstable regimes for landfast ice in the bay have been alternately repeated since 1980 with several to ten
years interval. Interannual variability of snow accumulation as well as events of ice breakup have been
examined together the analysis of ice core. Note that snowpack gives opposite effects on preservation of
ice; one is mechanically reinforcement by thickening through upward-growth and high albedo; the other is
weakening due to lowering flexural strength by increasing the ratio of snow-origin ice. There is no doubt
that the snowpack has affected strongly physical modification of ice body. A growth history of sea ice is
reflected in physical and biogeochemical characteristics, such as ice texture, salinity, and stable isotopic
structures of the core sample. An ice sample has been collected with 3.86 m in length near the Shirase
Glacier in 2018/19 season. We report the in-situ drilling operation and show features of sea-ice structures.
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Air-sea-ice interactions at the mesoscale : case study of the Mertz Glacier
Polynya in a regional climate model.
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The Mertz Glacier Polynya, in east Antarctica, is a limited area of the Southern Ocean, which is often free ice
even during the austral winter. The absence of sea ice in the polynya allows for intense exchanges of heat,
moisture, and momentum between the cold and dry atmosphere and the relatively warmer ocean. Despite
being paramount features of the polar climate, little is known about the processes taking place between the
ocean, ice and atmosphere in polynyas. Here, we describe the dynamics of the Mertz Glacier Polynya using
a high resolution regional coupled model of the ocean, sea ice and atmosphere (NEMO-LIM 3.6 and MAR).
We describe the daily to seasonal variability of the polynya activity and air-sea fluxes during years 2012-
2013. We then assess the impacts of the polynya on the formation of Dense Shelf Water and basal melt of
neighboring ice shelves. We also analyze the response of the atmosphere to the presence and variability of
ice free area. To assess the effect of potential feedbacks, we conduct a second set of experiments in
standalone forced mode. Finally, we perform an experiment using the coastline prior to the Mertz calving in
2010, to test the sensitivity of air-sea-ice interactions to drastic changes in polynya activity. This work
improves the understanding of the exchanges taking place in polynya together with their impact on regional
polar climate. It also represents a further step in the representation of polar regions in climate models.



1064

Using historical whale catch data to evaluate climate model results in the
Southern Ocean
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The assessment of historical climate model simulations in the Southern Ocean is limited by the availability of
oceanographic records during the 20th century until remote sensing observations. Whale catch data can
help to fill this gap, because they represent a wealth of information on the habitat distribution of
commercial whales and the underlying environmental conditions. Although the impact of commercial
whaling makes difficult to disentangle the drivers of the spatial and temporal distributions, these data have
been used in the past as proxy for the location of major ocean features, such as the sea-ice edge. We
propose here a use of these data to assess various macroscopic features of climate model results from the
suite of the Climate Model Intercomparison Project phase 6 (CMIP6) during the historical simulation period
(1920-1970). We have focused on humpback whales, due to their particular environmental niche and for
being the species targeted the most at the beginning of the century. This species is usually found in open
waters adjacent to the sea ice edge, and can therefore provide an optimal proxy for oceanic conditions. The
results using 22 CMIP6 models indicate that the model median overestimate the extent of summer
Antarctic sea ice. In the majority of models, the historical sea-ice edge is simulated northward of the typical
regions in which humpback whales were caught. This is an indication that the tuning and assessment of sea
ice models using satellite-era observations may lead to an overshooting of Antarctic ice extent earlier in the
century.
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Southern Ocean Sea Surface Temperature Response to Millennial-Scale
Climate Change During Marine Isotope Stage 3: A Compilation.

Harris Anderson?, Zanna Chase?, Helen Bostock®*, Taryn Noble?, Joel Pedro®?

Institute for Marine and Antarctic Studies, University of Tasmania., Hobart, Australia, ?School of Earth and
Environmental Sciences, University of Queensland, Brisbane, Australia, 3Physics of Ice Climate and Earth (PICE), Niels Bohr
Institute, University of Copenhagen., Copenhagen, Denmark, *National Institute of Water and Atmospheric Research
(NIWA), Wellington, New Zealand

The temporal and spatial response of the Southern Ocean (SO) to rapid climate changes during Marine
Isotope Stage 3 (MIS-3) is poorly constrained. Here we present a compilation of previously published high-
resolution sea surface temperature (SST) records from 30°S to 60°S. We synchronise all records to the
Antarctic Ice Core Chronology (AICC2012) and determine the presence and magnitude of warming
corresponding to Antarctic Isotope Maximum (AIM) events. The individual SO sediment cores record
warming events during 50% to 100% of all Antarctic Isotope Maxima events. The Atlantic sector of the SO
has on average +0.59°C larger SST anomalies than the Pacific sector during warming events. The Atlantic
sector also records more of the events in the individual core records (75% compared with 60%).
Furthermore, the median amplitude of SO SST increases are positively correlated to the duration of
Greenland Stadial periods (r? = 0.94, n = 9, p < 0.0001). This correlation solidifies the linkage between
northern high latitude climate variability, AIM events and Southern Ocean SST variability during MIS-3. This
compilation of records provides the first timescale-consistent look at the response of the SO to the rapid
climate changes of MIS-3, and is consistent with the thermal see-saw theory of a heat reservoir in the South
Atlantic propagating around the Southern Ocean.
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Understanding rapid changes in Antarctic sea ice extent using large
climate model ensembles

Julie Arblaster?, Gerald Meehl?, Christine Chung?
IMonash University, Melbourne, Australia, ?National Center for Atmospheric Research, Boulder, USA, *Bureau of
Meteorology, Melbourne, Australia

Antarctic sea ice extent underwent a rapid decline in the spring of 2016 and has remained below
climatological averages since. Recent studies suggested that enhanced tropical convection in the Indian
Ocean and Maritime Continent contributed to the highly anomalous wind patterns that led to the initial
decline, with tropical-extratropical interactions also implicated in its sustained maintenance. Here we utilize
the Community Earth System Model 40-member large ensemble simulations to explore the ability for rapid
increases and decreases in Antarctic sea-ice extent over the historical past in various seasons. We find
instances of similar multi-year decreases in the model and explore the mechanisms by which these
occurred. The impact of the tropics in the determining the phase of rapid changes in sea ice is also analysed
using pacemaker simulations.
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Cross-signal analysis of the Drake Passage flow and the Agulhas Leakage
during the last deglaciation

Andre Belem?, Noele Franchi Leonardo?, Igor Martins Venancio?, Karol Duarte?, Joao Marcelo Ballalai?, Ana

Luiza Spadano Albugquerque?
1Universidade Federal Fluminense, Niteroi, Brazil

The Agulhas Leakage may apply a considerable influence on the interocean fluxes of heat and salt strength
and stability of the Atlantic Meridional Overturning Circulation (AMOC). With the current geographical
configuration of the Southern Ocean, the water gates of Drake Passage and Agulhas Current are critical
points for the so-called “Cold and Warm Water Routes” and for the entry of intermediate water masses in
the Atlantic, which contribute to the surface return flow that balances the export of deep waters from the
North Atlantic. We present an analysis of the synchronicity of millennially-resolved signals from the Drake
Passage and the Agulhas current during the last 25,000 years using the cross wavelet analysis, quantifying
the signal strenght and time lag of these two gateways. Results show that the anti-phase signal from sea
surface temperatures in the Drake Passage are well correlated with the significant increasing of the Agulhas
Leakage, suggesting a wider Southern Hemisphere response signal on the salinity anomalies. Using global
sea level data and orbital variability as suplemental information for the cross-wavelet analysis confirmed
that Agulhas leakage increasing intensity is related to minima in precession, sinchronized with changes in
the Drake Passage flow. These connections are important for the operational mode of the Atlantic
Meridional Overturning Circulation (AMOC).
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X-Radiographic Images of Core Sediments from Grand Lagoon
at Bulgarian Antarctica Base, Livingston Island-South Shetland Islands,
West Antarctica.

Mehmet Nuri BODUR?
IUniversity, Hakkari, Turkey

This study presents to research the depositional patterns inferred from X-radiographic images of core
sediments from Grand Lagoon at Bulgarian Antarctic Base “St. Kliment Ohridski” where is located in
between coordinates S 62238'28.01" and W 60221'53.88", is also situated at South Bay of Livingston Island.

For the realization of this research will be applied to the study of sedimentological and geochemical
characteristics in modern glaciogenic sediments collected from the Grand Lagoon.

So, 10 core samples with depths range from app.20 to 50 cm collected at each sites located approximately
50 m apart from the water and ice-free area along the Grand Lagoon for pioneer investigations during the
2018 Antarctic austral summer. Core sediment samples were taken with Plexiglas acrylic tubes and kept to
analyze at laboratory. X-ray radiography was directly performed on core samples without any processing.
The geochemical and sedimentological analyses have also already going on and then furthermore the
getting results will be interpreted and figured out as soon.

Some depositional layers with laminations also were detected by X-ray radiography. These laminated layers
with inferred from radiographic images of core samples will probably indicated that glaciogenic sediments
deposited under different seasonal conditions at depositional site area where is dark grey to black, moist to
wet, mostly sandy and mixed with small clayey aggregates observed in preliminary field studies.

As a result, the area is thought to be directly affected by under the coastal beach dynamics, fluvioglacial
erosional and depositional processes during the seasonal weathering changes at surrounded area.
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Climatic information archived in ice cores: impact of intermittency and
diffusion on the recorded isotopic signal in Antarctica

Mathieu Casado?, Thomas Miinch?, Thomas Laepple!
IAlfred Wegener Institute, Potsdam, Germany

The isotopic signal (6'0 and 86D) imprinted in ice cores from Antarctica is not solely generated by the
temperature sensitivity of the isotopic composition of precipitation but also contains the signature of the
intermittency of precipitation patterns as well as of post-deposition processes occurring at the surface and
in the firn. This leads to a proxy signal recorded by the ice cores that may not be representative of the local
climatic variations. Due to precipitation intermittency, the ice cores only record brief snapshots of the
climatic conditions, resulting in aliasing of the climatic signal, and thus a large amount of noise which
reduces the minimum temporal resolution at which a meaningful signal can be retrieved. The analyses are
further complicated by isotopic diffusion which acts as a low pass filter that dampens any high frequency
changes. Here, we use reanalysis data (ERA-Interim) combined with satellite products of accumulation to
evaluate the spatial distribution of the transfer function that describes the formation of the isotopic signal
across Antarctica. The minimum time scales at which the signal-to-noise ratio exceeds unity range from less
than a year at the coast to a thousand years further inland. Based on solely physical processes, we were
thus able to define a lower bound for the time scales at which climate variability can be reconstructed from
ice core water isotopic compositions.
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Comparing the strength of the link between surface mass balance and
temperature in ice cores and models in Antarctica over the last centuries

Marie Cavitte!, Quentin Dalaiden?, Hugues Goosse?, Jan Lenaerts?, Elizabeth Thomas?

IUniversité catholique de Louvain (UCLouvain), Earth and Life Institute, Georges Lemaitre Centre for Earth and Climate
Research, Louvain-La-Neuve, Belgium, ?Department of Atmospheric and Oceanic Sciences, University of Colorado
Boulder, Boulder, United States, *British Antarctic Survey (BAS), Cambridge, United Kingdom

Historical climate model simulations must be evaluated against measured records of surface mass balance
(SMB) to assess the robustness of modeled future SMB. Here, we compare the strength of the link between
SMB and surface air temperature (SAT) in modeled and measured data sets over the last century. We use
several global climate models and the RACMO2.3 regional climate model (Van Wessem et al. 2018).
Modeled results are compared to PAGES 2k ice-core compilations: Thomas et al (2017) SMB, Stenni et al
(2017) d180 as a proxy for SAT, both for the last 150yrs, and the Nicolas and Bromwich (2014) SAT
reconstruction, available only for the last 50yrs.

We show that the modeled SMB-SAT relationship is strong and positive at the regional scale (down to 5.5km
with RACMO02.3), while the ice-core SMB-SAT or SMB-d180 relationship is weaker, over the last 150yrs.

To resolve the discrepancy between measured and modeled signals, we show that averaging ice-core
records in close spatial proximity increases the obtained SMB-SAT correlation slightly, but not enough to
match that obtained from the models. On the model side, the RACMO2.3 simulations allow us to highlight
areas where SMB and SAT are weakly correlated. We show that wind-induced processes active locally can
overwhelm the large-scale positive SMB-SAT relationship in these areas. The 5.5km RACMO2.3 output along
Princess Ragnhild Coast shows that wind-induced snow redistribution affects each ice promontory.
However, we show that the areas with a weak SMB-SAT correlation cannot explain the whole ice-core-
model discrepancy in SMIB-SAT correlation strength.
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Orbital-scale, glacial evolution of the Transantarctic Mountains during the
Miocene Climatic Optimum and its termination (~15.5-13.8 Ma)

Hannah Chorley?, Richard Levy™?, Tim Naish?, Sidney Hemming?, Christian Ohneiser?, Joe Prebble?, Margaret
Harper!, Anna Ruth Halberstadt®, Marjolaine Verret?!, Bella Duncan?, Fabio Florindo®

IAntarctic Research Centre, Wellington, New Zealand, °GNS Science, Wellington, New Zealand, 3Lamont-Doherty Earth
Observatory, New York, United States, *University of Otago, Dunedin, New Zealand, *University of Massachusetts,
Amherst, United States, °Istituto Nazionale di Geofisica e Vulcanologia (INGV), Roma, Italy

An approximately ~50m thick sequence of well-dated ice-cemented sedimentary drill cores were recovered
from the Friis Hills, McMurdo Dry Valleys in 2016. The cores provide new insights into the variability and
extent of glaciation through the Transantarctic Mountains (TAM) during the Early to Mid-Miocene between
15.5-13.8Ma. This interval was characterised by a period of warmth within the Miocene Climatic Optimum
(MCO; ~17-15Ma), when global average temperature 3-4°C warmer than today and atmospheric CO, levels
up to 600ppm - one of the warmest intervals since the onset of Antarctic glaciation. The MCO was
terminated by major global cooling and Antarctic wide ice-sheet expansion across the Miocene Climate
Transition (MCT; ~13.8Ma). We document the evolution and orbital-scale glacial variability during this long-
term transition in climate state.

Sediments deposited between ~15.5 -14.4Ma consist of alternating sequences of traction tills and moraines
deposited during advances of a temperate alpine glacier system, and intervening fluvio-lacustrine sediments
deposited during interglacial retreat, at a likely paleo-elevation of around 1000m, indicating a much warmer
and wetter environment in the TAM than today. After 14.4Ma, till facies in the Friis Hills cores become
progressively thicker, less muddy, more pervasively deformed and are punctuated by thinner intervals of
organic rich fluvial/lacustrine interglacial sediments, but display similar facies to the underlying organic-rich
interglacials. This suggests that glaciation became progressively colder, drier and more regionally-extensive
during glacial periods heading into the MCT. However, interglacials remained warm enough to sustain
tundra-style vegetation including Nothofagus at high elevations where mean summer temperature was 6-
7°C.



1575

Paleooceanographic reconstruciton of the Southern Ocean based on
coccolith assemblages.

PALLAVI CHOUDHARIY, Shramik Patil®, Rahul Mohan?
INational Centre For Polar And Ocean Research, VASCO DA GAMA, India

Southern Ocean (SO) plays an important role in regulating global climate. The diverse species (foraminifera,
Coccolithophore and diatoms) in this study area respond to the hydrographic changes along with the
movement of fronts. In this study, we reconstruct SO paleoceanography from coccolithohore abundance
and assemblage variation using a radiocarbon dated (up to 42 ka BP) sediment core (SK200/22a) retrieved
from north of Del Cano Rise of SO. The most abundant species were Emiliania huxleyi and Calcidiscus
leptoporus along with Helicosphaera carteri, Gephyrocapsa oceanica, Gephyrocapsa muellerae,
Gephyrocapsa sp., Gephyrocapsa sp. small, Reticulofenestra sp., Coccolithus pelagicus, Umbilicosphera
sibogae and Florisphera profunda. The coccolith assemblage exhibits higher abundance during Holocene
(5.78 X 109 coccoliths g-1 sediment) while it is lesser (0.92 X 109 coccoliths g-1sediment) during glacial
stage. Interestingly, during the LGM the warmer species exhibit higher values than that of glacial values
suggesting a localized warming event associated with increased availability of nutrients. C pelagicus, a cold
water mesotropic species records higher values during LGM as compared to the Holocene indicating higher
availability of nutrients. The warmer species exhibits lowered values during the glacial stage suggesting
northward shift of Antarctic Polar Front and Sub-Antarctic Front. This is the first coccolith record from the
Indian sector of Southern Ocean to understand the frontal variation and the past-climate changes in this
region along with other microfossil records.
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Characterising surface and sub-surface marine heatwaves in the
Kerguelen Plateau region

Stuart Corney?, Neil Holbrook?, Mark Hindell*, Clive McMahon'#, Gabriela Pilo??

Institute For Marine And Antarctic Studies, Hobart, Australia, ?Australian Research Council Centre of Excellence for
Climate Extremes, Hobart, Australia, 3CSIRO Oceans and Atmosphere, Hobart, Australia, *Sydney Institute of Marine
Science, Mosman, Australia

The Kerguelen Plateau (KP) is home to a significant Patagonian toothfish fishery as well as being home to
significant populations of seals, seabirds and whales. These populations are supported by the increased
primary production that is consistently observed in the eddy-field caused by the interruption of the ACC as
it moves around the plateau.

Using a combination of observations provided by tagged elephant seals and model output from a data-
assimilating high-resolution ocean model we characterise the frequency and intensity of marine heatwaves
that have occurred in the KP region between 1994 and 2016. We show that anomalously warm water can
penetrate from the surface to a depth of at least 150m and that depth penetration of warm water is likely
related to downwelling favourable winds. Similarly, upwelling favourable winds appear to be related to the
dissipation of marine heatwaves in the region.

We also show that the ocean temperature at both the surface and at 150m on the KP is significantly
correlated with key modes of climate variability with regions of the KP displaying significant correlations
with the Indian Ocean Dipole, El Nino Southern Oscillation and the Southern Annular Mode. These results
suggest there may be potential predictability in ocean temperatures, and their extremes, in the KP region.

Strong MHWs, as have been seen in recent years, may be detrimental to the unique ecosystem of this
region, including economically relevant species, such as the Patagonian Toothfish.
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El Nifio Southern Oscillation and Southern Annular Mode signals from sea
salt deposition in the Mount Brown South ice core, East Antarctica

Camilla Crockart?, Tessa Vance?, Alexander Fraser?, Nerilie Abram?, Alision Criscitiello®, Mark Curran#,
Vincent Favier®, Lenneke Jong*, Andrew Klekociuk*, Andrew Moy, Tas van Ommen?**, Christopher
Plummer?, Jason Roberts!*, Paul Vallelonga®, Jonathon Wille®

IUniversity of Tasmania, Hobart, Australia, ?Australian National University , Hobart, Australia, 3University of Alberta,
Edmonton, Canada, *Australian Antarctic Division, Hobart, Australia, *Université Grenoble Alpes, Grenoble, France,
SUniversity of Copenhagen, Copenhagen, Denmark

The mid-latitudes of the Southern Ocean are among the stormiest on Earth, yet the longer-term variability
in atmospheric circulation in this region remains poorly understood. This is particularly true for the southern
sector of the Indian Ocean, where reliable observations are primarily limited to the satellite era as few
habitable land-masses means observational station data is sparse. Model studies and paleoclimate records
(ice-cores and corals) suggest decadal variability in atmospheric circulation exists in this region, however,
long annually resolved ice-core records are needed to further investigate these processes. Until recently,
the Law Dome Summit South (DSS, 66.769°S, 112.806°E), remained one of few multi-century annually
resolved ice-core records in East Antarctica. A new ice-core drilled at Mount Brown South (MBS, 69.111°S,
86.312°E) approximately 1000km west of DSS provides an additional high-resolution record at millennial
timescale. We present a comparison between the sea salt concentrations for DSS and MBS over the satellite
era. Our results suggest that annual sea salt deposition at MBS contains significant signals for the El Nifio
Southern Oscillation (ENSO) and the Southern Annular Mode (SAM). These signals are further demonstrated
by composite maps that show (a) significantly higher (lower) sea surface temperature anomalies in the
western equatorial Pacific during high (low) sea salt years that correspond with El Nifio events (La Nifia
events), and (b) a significant contraction (expansion) of zonal wind anomalies during low (high) sea salt
years that correspond with the positive (negative) SAM phase.
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A Preliminary Reconstruction of Miocene Ocean-Climate History of the
Ross Sea, Antarctica based on Foraminifera from IODP Site U1521 and
DSDP Site 272

Dipa Desai, R. Mark Leckie, Mark Steinhauff, Peter Webb, David Harwood, Imogen Browne, Amelia Shevenell,
Justin Dodd, Robert McKay, Laura De Santis, Denise Kulhanek, IODP Expedition 374 Scientists
IUniversity Of Massachusetts Amherst, Amherst, United States

The International Ocean Discovery Program (IODP) Expedition 374 recovered deep-sea sediment cores from
the continental shelf of the Ross Sea, Antarctica to evaluate the stability of the Antarctic Ice Sheet (AlS)
during the warmer-than-present climates of the Miocene. Studies of AlS stability are critical to understand
the modern impacts of anthropogenic warming on the Ross Sea sector, as numerical modeling indicates that
this region is highly sensitive to changes in ocean and atmospheric heat flux. Located in the Pennell Basin,
IODP Site U1521 recovered sediments of the Miocene Climatic Optimum (MCO; 17-14.5 Ma) and Middle
Miocene Climatic Transition (MMCT; 14.2-13.8 Ma). Global proxy records indicate dynamic changes in
carbon cycling, prolonged global warmth, and reduced ice cover during the MCO, followed by ice expansion
during the MMCT. To reconstruct changes in the Ross Sea and the associated marine paleoenvironments
during the Miocene, assemblages of fossil benthic and planktic foraminifera were analyzed from Site U1521
and assessed with foraminiferal data from DSDP Site 272.

Prior to the MCO, low diversity and a mix of in-situ and reworked foraminifera, coupled with lithology,
indicate periodic ice advance and retreat. During the MCO, an increase in species diversity and
predominantly in-situ microfossils suggests an interval of highly productive open water and warmer sea
surface temperatures. A widespread hiatus across the shelf implies grounded ice during the late stages of
the MCO. A decrease in diversity and preservation suggests a shift to a less productive paleoenvironment
during the MMCT.
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Influence of climate modes and solar variability on East Antarctic ice core
temperature during the past two centuries

Tariq Ejaz!, Waliur Rahaman?, C.M Laluraj?, K Mahalinganathan®, Meloth Thamban?
INational Centre For Polar And Ocean Research, Goa, India

El Nifio Southern Oscillation (ENSO), Pacific Decadal Oscillations (PDO) and their interactions with Southern
Annular Mode (SAM) largely influence Antarctic climate. Solar variability is also known to contribute
Antarctic climate variability. However, the relative roles of these climate modes and solar variability are not
yet well understood particularly in the backdrop of global warming scenario. In this study, we have
reconstructed high resolution temperature of the past two centuries (1809 — 2013 CE) based on oxygen
isotope (6180) record of a new ice core (IND-33/B8) from Dronning Maud Land (DML), East Antarctica
together with other published records. Our 6180 record broadly agree with the simulation result from
water isotope-enabled ECHAM5-wiso model except for the periods of large excursions observed in the ice
record. We found that ~32% variability in 6180 records of the DML region is attributed to temperature,
which is modulated by ENSO and PDO, whereas 27% variability is related to moisture source changes and
transport processes. Further, moisture sources and its transport are primarily controlled by wind and the
sea ice variability modulated by the Southern Annular Mode (SAM) at annual to sub-decadal time scale,
whereas solar variability influences at decadal scale (9 -12 yrs band). DML temperature record shows
dominant ENSO signal during the time slices 1825-1835, 1950-1960 and 1975-1995 CE with a dramatic shift
from low (9-16 yrs) to high (2-8 yrs) frequency bands since 1940s. We observed significant correlation
(r=0.42, p<0.05) between SAM and temperature during 1965-1993 CE when SAM started shifting to positive
phase.
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Quantifying Changes in Atmospheric Oxidative Capacity since 1870 AD
Using Measurements of 14CO in ice and firn from Law Dome, Antarctica

David Etheridge®?, Vasilii Petrenko?®, Peter Neff>*, Andrew Smith®, Edward Crosier?, Lenneke Jong®, Ross
Beaudette’, Christina Harth’, Ray Langenfelds?, Blagoj Mitrevski*, Mark Curran®®, Benjamin Hmiel®, Christo
Buizert?, Lee Murray?, Cathy Trudinger?, Michael Dyonisius?, Jessica Ng’, Jeff Severinghaus’, Ray Weiss’,
Matthew Woodhouse'?

1CSIRO Climate Science Centre, ASPENDALE, Australia, ?Australian Antarctic Program Partnership, Hobart, Australia,
3University of Rochester, Rochester, USA, *University of Washington, Seattle, USA, >ANSTO, Kirrawee, Australia,
SAustralian Antarctic Division, Hobart, Australia, ’Scripps Institution of Oceanography, La Jolla, USA, 80regon State
University, Corvallis, USA

Climate change and stratospheric ozone depletion are affected by the emissions of key trace gases as well
as by their loss from the atmosphere. Hydroxyl, OH, is the main tropospheric oxidant and determines the
atmospheric lifetime of many greenhouse gases and ozone depleting gases. Changes in OH concentration
([OH]) in response to large changes in reactive trace gas emissions are uncertain and constraints on future
simulations by atmospheric models come from limited observations. Reconstructions of 14CO from ice
cores could in principle provide such constraints but are complicated by in-situ cosmic ray production of
14CO. Recent work in Antarctica and Greenland shows that this in-situ component would be relatively small
and accurately quantified at sites with very high snow accumulation rates. A joint US-Australian program in
2018-19 measured air in firn and ice at Law Dome, Antarctica (DE08-OH, 1.2 m a-1 ice). Trapped air was
extracted using an on-site large-volume (~500 kg) ice melting system. Ice core air sample ages spanned from
the 1870s to the early 2000s and the firn-air samples spanned from the early 2000s to present. Analyses of
[CO] and halocarbons in the samples show a relatively low and stable procedural CO blank and demonstrate
that the samples are unaffected by ambient air inclusion. 14CO measurements in these firn and ice core air
samples will be presented. This 14CO history will be interpreted with the aid of the GEOS-Chem chemistry-
transport model to place the first long term observational constraints on the variability of Southern
Hemisphere [OH].
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ICEPRO: An International Collaboration Effort for improving Paleoclimate
Research in the Southern Ocean

Johan Etourneau?, Carlota Escutia?, Amy Leventer?, Jose-Abel Flores*, Andres Rigual Hernandez®, Dimitrios
Evangelinos?, Jung-Hyun Kim®, Rob Dunbar®, Andrew Hennig® Leanne Armand’, Linda Armbrecht®, Ruth
Ericksen®, Guiseppe Cortese!®, Manish Tiwari'?, Rahul Mohan'?, Julianne Miiller?, Maria-Helena Vorrath??,
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The Southern Ocean (SO) is an active regulator of global climate through its influence on the modulation of
the global ocean circulation, the phytoplankton productivity as well as nutrient cycles, the transfer of energy
and gas between the ocean and the atmosphere, and sea level. Despite its importance, seasonal and sparse
distribution of instrumental data across the SO prevent a robust assessment of the physical and biological
response and feedback on future climate change. Paleoclimate data are therefore essential to document
the natural variability of environmental conditions and identify their drivers from decadal-to-millennial
timescales. However, in paleoclimate studies, several questions remain unaddressed due to the lack of
robust proxy calibration. While some tools are better constrained than others, the mechanisms controlling
them are not fully understood. A critical step to improve their use is to conduct a systematic multi-annual
collection of samples and data throughout the SO. ICEPRO has been initiated to strengthen existing
collaborations and creating new connections among several partners regularly crossing through different
transects the SO and who have the opportunity to sample the water column and marine sediments
spanning at least the last 2,000 years. Such collaborative work could therefore cover most of the important
regions of the SO, thus allowing a better monitoring of modern environmental and hydrological conditions,
and ultimately improve calibration of tools commonly used for paleoreconstructions. Here we aim to
present ICEPRO, its first steps and results we obtained from the last Antarctic cruises as well as our future
ambitions.
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Mid-to-Late Holocene climatic oscillations at northern Antarctic Peninsula
from combined lacustrine and glacial records

Heitor Evangelista!
1Uerj, Rio De Janeiro, Brazil

Meteorological data and climate models have pointed the Antarctic Peninsula as one of the most rapidly
warming regions of the planet. However, recovering the past climate changes at that site using ice cores is
still challenging since summer meltings effect ice core glacio-chemistry. In this scenario, the sediment core
profiles retrieved from Holocene pro-glacial lakes arise as promising for reconstructions. The sediment cores
analysis presented here comprise data from an isolated lake, covering the mid-to-late Holocene, and 9
(nine) cores surveyed from lakes located at the end of braided glaciers meltwater streams covering the
modern epoch (last 150 years). From this approach, we were able to ensemble the sedimentary record and
produce an integrated sedimentation history that allowed comparison with ice core records of WAIS,
especially from northern Antarctic Peninsula, the James Ross ice core. Sediment core dated from the
Holocene presented regular marked laminations indicating pronounced 80-to-100 yr periodicities revealing
a possible signal of the Gleissberg solar cycle. Main finding from this work is an identification of a prolonged
cooling phase observed during the last 2kyr. We propose here that such event is related to the combined
impact of the regional volcanism concomitant to a reduced solar irradiance based on latest reconstructed
time series. This work is part of UN/FAO/IAEA climate change program with support of the Brazilian and
Russian Antarctic Programs.
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Southern Hemisphere Pressure Relationships during the 20th Century:
Implications for Climate Reconstructions and Model Evaluation

Ryan Fogt!, Logan Clark?
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The relationship between Southern Hemisphere middle and high-latitude regions has made it possible to
generate observationally-based Antarctic pressure reconstructions throughout the 20th century, even
though routinely collected observations for this continent only began around 1957. Nearly all
reconstructions inherently assume stability in these relationships through time, and in the absence of direct
observations, this stationarity constraint can be fully tested in a model setting. Seasonal pressure
reconstructions based on the principal component regression (PCR) method spanning 1905 — 2013 are done
entirely within the framework of the Community Atmospheric version 5 (CAM5) model in this study in order
to evaluate this assumption, test the robustness of the PCR procedure for Antarctic pressure
reconstructions, and to evaluate the CAM5 model. Notably, the CAM5 reconstructions outperformed the
observationally-based reconstruction in every season except the austral summer. Other tests indicate that
relationships between Antarctic pressure and pressure across the Southern Hemisphere remain stable
throughout the 20th century in CAMS. In contrast, 20th century reanalyses all display marked changes in
mid-to-high latitude pressure relationships in the early 20th century. Overall, comparisons indicate both the
CAMS5 model and the pressure reconstructions evaluated here are reliable estimates of Antarctic pressure
throughout the 20th century, with the largest differences between the two resulting from differences in the
underlying reconstruction predictor networks and not from changes in the model experiments.
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Past Sea Surface Temperature and Sea Ice Extent and their role in
Fragilariopsis kerguelensis size variation from the Southern Ocean”
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The present study aims in addressing the past changes in the Southern Ocean (SO) system in a quantitative
and process oriented way in order to improve the understanding of future climate and environment. In this
study we have reconstructed the summer sea surface temperature (SST) and winter sea ice presence (SIP)
along with diatom morphometry from the sediment core located at 55°01’ S, 45°09’E from the Indian Sector
of SO. The maximum SIP of 1-2 months/year and lowest SST of 1-3RC were recorded during glacial stages,
this probably resulted in reduced valve size (~¥250 microns) of Fragilariopsis kerguelensis. Comparison of our
records with published studies demonstrates that during the glacial stages SIP was of longer duration in the
Atlantic and western Pacific Sector than in the Indian Sector. This suggests additional dynamical processes in
the Atlantic and Western Pacific Sector, whereby sea-ice transport by the Weddell and Ross Gyre may have
allowed WSI further to the north. The relatively lower SIP in the Indian Sector resulted in the largest mean F.
kerguelensis sizes which was facilitated by the efficient utilization of the nutrients by these diatoms. This
study suggests that changes in the past sea ice dynamics may control the sizes more rapidly in the Atlantic
and Western Sector than anywhere else in the SO if the Weddell and Ross Gyre weakens in the coming
decades.



1016

A multi-proxy reconstruction of the SAM in the Southern Ocean Sector
during the Holocene and Last Interglacial

lan Goodwin®
1Unsw, Sydney, Australia

Of paramount interest to reconstructing Antarctic regional paleoclimate are: (i) the zonal vacillations of the
Southern Hemisphere westerlies, and their encapsulation within the Southern Annular Mode (SAM) of
variability; (ii) the atmospheric Planetary Waves controlled by orography and land/sea contrasts in diabatic
heating; and (iii) the geographic distribution of tropical-Antarctic teleconnections.

The approach presented in this talk is based around reconstructing ‘macroweather’, the centennial-scale
upscaling of weather patterns and climate modes. Past macroweather and climate shifts can be resolved on
a deterministic manner on sub-orbital time scales due to the coupling between macroweather and the
latitudinal temperature gradient. Advances in data-model assimilation using hemispheric to regional multi-
proxy data are presented for the last millennium, early, middle and late Holocene and the Last Interglacial
(MIS Stage 5). An alternative approach is to project far field proxy climate and sea-level data onto Antarctica
to develop an ‘inverse’ view of climate influences by developing: (i) regional ice-sheet basin meltwater
fingerprints from far field sea-level records, and, (ii) circumpolar wind fields from far field paleoclimate
proxies and ice cores.
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Influence of ice-ocean interactions in the Southern Ocean on Antarctic
temperatures and on the global carbon cycle over the past millennia.
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Reconstructions of Antarctic surface temperature covering the past millennia display a large centennial
variability that is not synchronous with fluctuations recorded on other continents and which is generally not
well simulated by models. Many processes can be at the origin of these temperature variations such as
teleconnections with tropical oceans and changes in the Southern Ocean. The focus here will be on the
latter, in particular on ice-ocean interactions that regionally control the stratification of the Southern Ocean
and thus have a large impact on the exchanges of heat and carbon between the ocean and atmosphere.
Changes in the Southern Ocean circulation and stratification also influence the carbon cycle at global scale.
It is generally suggested that atmospheric CO2 variations over the past two millennia were mainly
controlled by land processes but the Southern Ocean might also have played a role. We will thus test
whether the joint analysis of Antarctic temperature and atmospheric CO2 concentration fluctuations can
inform us on the origin of the observed changes over this period. In this purpose, we use the climate model
LOVECLIM which includes a representation of the global carbon cycle. Experiments over the last two
millennia will address the sensitivity to realistic perturbations of the wind stress and freshwater forcing
from the ice sheet. Finally, experiments with data assimilation will allow assessing what constraints are
needed for model results to better reproduce the reconstructed temperature history.
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Can we reconstruct the formation of large open ocean polynyas in the
Southern Ocean using ice core records?
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Large open-ocean polynyas, defined as ice-free areas within the sea ice pack, have been observed only
rarely over the past decades in the Southern Ocean. In addition to smaller recent events, an impressive
sequence occurred in the Weddell Sea in 1974, 1975 and 1976 with openings of more than 300,000 km2
that lasted the full winter. Those big events have a huge impact on sea ice cover, deep-water formation and
more generally on the Southern Ocean and the Antarctic climate. However, we have no estimate of the
frequency of the occurrence of such large open-ocean polynyas before the 1970s. Their overall role in the
natural climate variability at high southern latitudes is thus unknown. No paleoceanographic data is
available in the Weddell Sea to reconstruct directly past polynya activity. Our goal here is to test if this could
be done using continental records, and specifically, observations derived from ice cores. The fingerprint of
big open-ocean polynyas is first described in reconstructions based on data from weather stations and ice
cores for the 1970s and in climate models. It shows a clear signal, characterized by a surface air warming
and increased precipitation in coastal regions adjacent to the eastern part of the Weddell Sea where several
high-resolution ice cores have been collected. The potential to base reconstructions of polynya activity over
past centuries on this signal using simple statistical techniques as well as data assimilation is explored.
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A constrained optimization (CONOP) biostratigraphic framework for
Antarctic unconformities during the Cenozoic
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The quantitative biostratigraphic method of Constrained Optimization (CONOP) provides a common
framework including geochronology for the correlation of Antarctic sediment cores to overcome
discontinuous records and facies constrained biostratigraphy. CONOP has been used previously to improve
age models of Antarctic shelf sites (i.e. ANDRILL-1B; Cody et al., 2012) and analyse phytoplankton turnover
in response to climate cooling over the last 15 million years (Crampton et al., 2016).

The Southern Ocean biostratigraphic database now incorporates taxon ranges for diatom, radiolaria,
foraminifera and nannofossils spanning the Late Cretaceous to present, with 6 radiometric ages and 342
individual paleomagnetic reversals for 50 sites south of the Polar Front. This project intends to extend
beyond the Polar Front to investigate biogeographic effects at taxon and species levels. The CONOP method
of computerised graphic correlation and parsimonious sequencing, allows objective assessment of assigned
paleomagnetic reversals and the uncertainty of correlation to be ascribed.

This work focuses on the geographical distribution of changes in sedimentation rates in relation to
widespread unconformities, and developing on seismic interpretations (e.g. DeSantis et al., 2003; Brancolini
and Leitchenkov, 2010; Escutia et al., 2011; Gohl et al., 2013). Results will ultimately help inform and refine
biostratigrahpic age models from the recent phase of IODP drilling around the Antarctic margin. The current
development of astroCONOP (Meyers, pers. comms) will also be discussed here in the context of further
chronological refinement and assistance with correlation of traditional Antarctic proxies and timeseries to
those preferentially used in more temperate climates (i.e. 6180).
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2000 Years of Variability in the Southern Annular Mode (SAM) from Tree
Rings and Ice
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The Southern Annular Mode (SAM) is the leading mode of climate variability in the middle to high latitudes
of the Southern Hemisphere, where it affects the strength and position of the westerly winds, precipitation,
and temperature anomalies across oceans and continents. While several reconstructions of the SAM have
been developed from existing proxies there is little agreement among them prior to the mid 1800s. Further,
existing SAM reconstructions are focused on the Pacific Ocean sector, with less data from the Indian Ocean
sector passing proxy screening tests. Here, we describe a project that will combine tree-ring data from
Tasmania, Australia with two high-resolution East Antarctic ice cores (Law Dome and Mount Brown) to
reconstruct the behavior of the SAM over the last 2000 years in the Indian Ocean sector. This new SAM
record will be compared with last millennium climate model simulations in order to identify internal and
external forcing of decadal to centennial variability in the SAM. As a precursor to data assimilation, we
evaluated the features of the SAM in several GCMs and identified optimal sensor locations in different
models to examine how they compare with available proxy sites. Initial results indicate that many GCMs
exaggerate the annular shape of the Southern Annular Mode relative to reanalysis data (CSIRO, FGOALS,
IPSL, MIROC, and MRI) while others more closely match (CESM, MPI and HadCM3). Data processing of the
tree ring and ice core proxies is currently underway.
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Sediment accumulation rates at the edge of the Atlantic: relationships
among sea ice, water current and sea floor relief.
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Sediment accumulation rates were studied at the southernmost Atlantic Ocean in the vicinities of the
Filchner Trough. This is an important region for water mass formation and a marine mammal feeding spot,
presumably following high primary production. The region also experiences contrasting sea ice patterns. In
spring and summer there are open water conditions at the east of the trough, whereas at the west, the sea
surface usually remains covered by multiyear sea ice. Earlier studies showed that sedimentary organic
carbon and biogenic silica were more concentrated on the eastern flank of the trough. We attempted to
study whether sediment accumulation follow this pattern and its implication for the long-term (hundreds of
years) carbon storage in the sediment column. We analyzed 16, 20-cm sediment cores along the axis of the
Filchner Trough and the adjacent continental shelf and slope. Sediment accumulation rates (SAR) varied
from 8 to 128 cm ky-1. The highest SAR were found on the deepest parts of the axis of the trough and the
shelf and slope of its eastern flank, whereas the smallest SAR were found in the shelf and slope of the
western flank and at the mouth of the trough. Preliminarily, SAR values matched with the sea-ice pattern
and the water current system, showing high values in areas with seasonal open water conditions and the
inflow of deep water onto the shelf and low values in areas where multiyear sea ice persists and the outflow
of dense cold water towards the deep Weddell Sea.
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Climatology of Antarctic ozone zonal asymmetry by MERRA-2 data
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Antarctic ozone climatology was calculated over the 1980-2018 period using monthly mean data from
MERRA-2 reanalysis. The 2D (total ozone column) and 3D (ozone concentration) mean ozone values
climatology for zonal band (90°S—0°S) at 42 pressure levels (1000-0.1 hPa) were retrieved. The amplitude of
ozone zonal asymmetry was calculated. The monthly, latitude, and longitude morphology altitude analysis
have been made. The maximal ozone zonal asymmetry is observed in spring, especially in October with
dominant wave-1 zonal minimum at 0°-90°W and maximum at 120°E-180°E. The area of high ozone
content is located in zonal band (40°S—-80°S) with gradual shift to the pole from September to November.
Latitudinal mean maximum in zonal mean ozone distribution is observed near 62°S in September, 66°S in
October, and 68°S in November. Poleward shift of latitude ozone maximum continues until March with
decreasing of ozone level, but in April the shift reverses into equatorward. Eastward shift of longitude ozone
zonal maximum from month to month could be observed in ozone distribution from September (144°E) to
October (166°E), and westward from October to November (156°E) but for ozone zonal minimum there is
only eastward shift from September (29°W) to November (6°W). The highest difference in altitude ozone
distribution is observed during October in the stratosphere between ozone zonal minimum (66°S, 30°W,
30hPa) and maximum (66°S, 160°E, 40hPa) points. The difference reaches approximately 4x10-12 cm-3,
which is about 66% of the zonal average value at this level.
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The seasonal signal and variability of 170excess in two contrasting ice
cores from coastal Antarctica
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Stable water isotopic ratios are routinely measured in ice cores to help constrain past climate variability. In
addition to measurements of the traditional water isotopic ratios,

8D and 6180, the secondary parameters, dexcess and 7Oexcess, provide insight into variability in the
oceanic evaporative region. Ice core 7Oexcess is thought to be primarily controlled by variations in relative
humidity in the source region and has the potential to be a more reliable recorder of source conditions than
dexcess, however questions still remain about how "Oexcess responds to climatic variability and
fractionation along the transport pathway. We present 7Oexcess data for the past 40 years from two
contrasting ice core locations; James Ross Island on the Antarctic Peninsula, and Mount Brown South in East
Antarctica. Both ice cores are situated in high-accumulation coastal sites, and we present 7Oexcess
measurements at seasonal resolution spanning the satellite observation period. The relationship between
7Qexcess in the ice cores and variability in relative humidity and temperature in the source region,
transport pathways, and temperature at the deposition site are investigated. This detailed analysis allows us
to assess the impact of these climate variables on the preserved Oexcess signal in the two ice cores, and
the potential for developing longer Oexcess-dervied reconstructions from these sites.
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Rates of dust transport to Macquarie Island during the mid to late
Holocene: Implications for the position and strength of the mid-latitude
westerlies and ecosystem fertilisation
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Due to its location within the core region of the Southern Hemisphere mid-latitude westerlies, Macquarie
Island winds arrive almost exclusively from the west-northwest. Thus, under certain conditions, air masses
arriving with enhanced or reduced dust input through time are likely associated with a reduction in the
strength and/or the position of the mid-latitude westerlies, (possibly associated with more positive SAM-
type conditions) and increased advection of heat to the atmosphere of the Southern Ocean. At the same
time, dust is known to play an important role in ecosystem productivity, with phytoplankton production in
the HNLC Southern Ocean linked to dust fertilisation. In addition, dust may also play an important role in
ecosystem production on Macquarie Island itself.

In this study, we examine dust transport to Macquarie Island in the mid to late Holocene by analysing three
peat cores collected from Macquarie Island in 2018. Geochronology is established for each of the cores with
210Pb and 14C dating, and they are analysed for minerogenic input (dust). Ecosystem response is quantified
with diatoms, pollens, C/N ratio, and N-alkanes. Through associations between ecosystem variation and
mineral input, we draw insights into biotic processes in the high-latitudes and the adaptive capabilities of
the food web. Our results imply episodes of increased dust transport, possibly pointing to reduced strength
of the westerly winds at these times. The results also imply increased ocean fertilisation and associated
phytoplankton response at these times, which is likely to be associated with enhanced CO2 drawdown.
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Wind driven currents along Antarctica’s coastal margins regulate water mass exchange between the
Antarctic continental shelf and Southern Ocean. As such, these currents exert control on the delivery of
heat, salt, and nutrients to the coastal margins and marine based ice sheets. This exchange affects sea ice
extent, primary productivity, and bottom water formation, and may be capable of change at centennial to
millennial timescales. However, characterising the long-term climate variability of wind driven currents, and
the effect on primary productivity, is difficult due to sparse and temporally limited observational data.
Here, we present a new Holocene climate record from Integrated Ocean Drilling Program (IODP) sediment
core U1357B in the Adélie Basin, East Antarctica. The sediment core consists of contrasting light and dark
centimetre scale laminations through the entire 170 m of core, with light laminations reflecting changes in
biological sedimentation. Using X-Ray Computed Tomography, and supported by grain size distributions,
XRF data, and other physical core properties, we developed a record of near annual biogenic bloom events
and link these bloom events to changing environmental conditions. As primary productivity in many parts of
the Antarctica's coastal regions is strongly linked to wind-driven upwelling processes, we investigate how
variations in grain size can be used to assess changes in wind-driven currents, which may influence dark and
light laminae characteristics through the Holocene. The result is a centennially resolved coastal current
reconstruction for the Holocene along the Adélie Land Margin.
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Seasonal Climate Variability in West Antarctica During the Holocene
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Paleoclimate proxies of the annual cycle are difficult to obtain and require a confluence of specialized
technology, methodology, and modeling to interpret. This represents one of the great challenges of
paleoclimate studies. In the case of ice core science, the ability to measure and interpret the annual cycle
has recently become possible for water isotope records. Here, we discuss results from the West Antarctic
Ice Sheet (WAIS) Divide ice core during the Holocene, including: 1) A continuous reconstruction of the
annual signal throughout the Holocene, and 2) Corrections for differential diffusion due to the seasonality of
accumulation. We use modeling (HadCM3) to explain changes in the summer and winter extrema, as well as
the annual amplitude through time. We also discuss where modeling deficiencies exist. As additional high-
resolution ice core records become available (e.g. Renland, EGRIP, Hercules Dome, possibly GISP, etc.), the
ability to analyze and interpret changes in the annual cycle across space and time will improve. As a result,
our understanding of climate change on timescales that humans most relate to - variability from one year to
the next - will also improve.
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Reconstructing Southern Ocean sea surface temperatures from an East
Antarctic ice core.
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The lack of reliable and long observational records of sea surface temperature (SST) from the Southern
Ocean remains a key factor in limiting our attempts to understand climate variability on interannual to
centennial scales in the Southern Hemisphere. The Law Dome DSS ice core from East Antarctica provides an
annually resolved climate record, capturing atmospheric and ocean processes from the Pacific and Indian
sectors of the Southern Ocean. We present a 1000 year reconstruction of sea surface temperature in the
Southern Ocean using snow accumulation and sea salt records from the DSS ice core. Sea salt aerosols
falling on Law Dome, carried by moisture sourced predominately from the Indian sector of the Southern
Ocean, are found to be a proxy for SST through the relationship between atmospheric-ocean heat exchange
and wind speed. Back trajectory analysis of ERA-Interim reanalysis data shows the origin of the moisture
falling as snow on Law Dome to be predominately from the Indian Ocean sector of the Southern Ocean and
reconstructs the seasonal cycle of sea salt concentrations with good agreement with the measured ice core
record. Examination of the time series of the the dominant temporal modes of the SST reconstruction
shows a break point in the time series at 1259CE. This shift is coincident with a series of volcanic eruptions
also recorded in the same ice core archive, thus eliminating timing uncertainties between the two events,
suggesting that the end of Medieval Climate Anomaly was a result of a climate response to the eruptions.
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Antarctic Surface Mass Balance: natural variability, noise and detecting
new trends
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The emergence of new, statistically robust trends in Antarctic surface mass balance (SMB) requires an
understanding of the underlying SMB variability (noise). We show that simple white or AR[1] noise models
do not adequately represent the variability of SMB in both the RACMO02.3p2 SMB model output (1979-
2017) and composite ice core records (1800-2010), under-estimating low-frequency variability. By testing a
range of noise models, we find that a Generalized Gauss Markov (GGM) model better approximates the
noise around a linear trend. The general preference for GGM noise applies over spatial scales from the total
ice sheet down to individual drainage basins. Over the longest timescales considered, trend uncertainties
are 1.3-2.3 times larger using a GGM model compared to using an AR1 model at the ice sheet scale. Overall,
given our characterisation of noise, our results suggest that larger trends or longer periods are generally
required before new SMB trends can be robustly separated from background noise.
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The mid-Cretaceous was one of the warmest intervals of the past 140 million years (Myr) driven by
atmospheric CO2 levels around 1000 ppmv. In the near absence of proximal geological records from south
of the Antarctic Circle, it remains disputed whether polar ice could exist under such environmental
conditions. Here we present results from a unique sedimentary sequence recovered from the West
Antarctic shelf. This by far southernmost Cretaceous record contains an intact ~3 m-long network of in-situ
fossil roots. The roots are embedded in a mudstone matrix bearing diverse pollen and spores, indicative of a
temperate lowland rainforest environment at a palaeolatitude of ~82°S during the Turonian—Santonian (92—
83 Myr). A climate model simulation shows that the reconstructed temperate climate at this high latitude
requires a combination of both atmospheric CO2 contents of 1120-1680 ppmv and a vegetated land surface
without major Antarctic glaciation, highlighting the important cooling effect exerted by ice albedo in high-
CO2 climate worlds.
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Mid-to-late Holocene climate variability in the Northern Antarctic
Peninsula
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The Antarctic Peninsula (AP) is one of the most sensitive areas to the recent global warming. Over the last
50 years, AP has approximately lost around 75 % of its ice shelves. The main causes of this rapid ice shelf
regression are still debated given that the surface atmosphere temperatures (SAT), the subsurface ocean
temperatures (SOT), or both can predominantly drive to this fast decline. However, due to the lack of
observations, it remains difficult to disentangle the main physical processes primarily acting on the ice
shelves. Past records can provide such information. Nevertheless, while a series of SOT records spanning the
last millennia around the Northern AP have been produced, only one Holocene ice-core SAT record has
been generated, in James Ross Island, Eastern AP. There is therefore no detailed information on the SAT
centennial evolution elsewhere around the AP. To fill this gap, we used a recently developed method based
on the application of the Glycerol Dialkyl Glycerol Tetraether (GDGT) from sediments of the Limnopolar Lake
(62937°23S, 61206’24W), Byers Peninsula, South of Livingston Island, in order to investigate the past secular
SAT changes over the last 7,500 years in the Western AP. Those data will be then compared to previous
reconstructions derived from marine sediment cores and ice cores around the AP. Results and discussion of
this ongoing work will be presented for the first time during the OSC SCAR-2020.
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Southern Weather Discovery - citizen science data rescue of high latitude
historic weather and environmental observations
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Understanding key modes of variability and southern high latitude trends presently relies on sparse data
and limited palaeo proxy evidence. This situation can be improved by augmenting meteorological data
coverage for the 19th and early 20th Centuries, which would bolster Southern Hemisphere weather
reconstructions derived only from surface observations (like the 20th Century Reanalysis; 20CR). 20CR is
one of several tools that we can use to understand weather and climate processes, and hone
interpretations about Southern Hemisphere changes.

Ship logbooks from whaling, trade, exploration and migration voyages took regimented observations across
the Southern Ocean waters, covering locations where formal land-based stations do not exist. We discuss
citizen science transcription of ship log meteorological data progress from our experiences with the
Zooniverse-hosted Southern Weather Discovery (www.southernweatherdiscovery.org; SWD) platform. SWD
was set up in 2018 as a contribution to ACRE (Atmospheric Circulation Reconstructions over the Earth.
Within this platform, volunteers can transcribe typed and handwritten observations that our team has
gathered from many archives located world-wide.

In the first SWD phase, thousands of volunteers transcribed >250,000 barometric pressure and temperature
observations. These "new" old data are being used in Southern Annular Mode reconstructions and analysis
of weather patterns that produced extreme impacts for New Zealand. We describe some preliminary
results, and discuss bottlenecks for image preparation, quality control of observations, and data munging.
We also introduce the "Week it Snowed Everywhere", a SWD component with aims to consolidate citizen
science data transcription lessons and improve handwritten scientific data transcription using artificial
intelligence.
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Foraminifera in deglacial sediments: Where can we find in situ calcareous
microfossils to date Grounding Zone Wedges?
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Thanks to improved multibeam swath bathymetry, it is now possible to perform targeted coring of glacial
landforms. Among them, Grounding Zone Wedges (GZWs) mark grounding line stand-stills that punctuated
the progressive deglaciation. For a full understanding of deglaciation processes, it is critical to recognize and
date these stand-stills. Following the NBP1502 cruises A and B to the Ross Sea, we examined post-LGM
foraminiferal records from almost 30 sediment cores largely from sites near or at GZWs that were different
in scale and location. We identified unusual foraminiferal taxa well-fit to survive limited food resources near
paleo-grounding lines and influenced by the drainage of subglacial meltwater into the ocean. More
importantly, we also recognized environments and geomorphic settings from which in situ foraminifera
could be obtained and used for radiocarbon dating. Despite clear differences in post-LGM foraminiferal
records between the western and the eastern Ross Sea, it appears that the high bathymetric gradient of
GZWs and relative proximity to continental shelf edge were key factors promoting rich benthic foraminiferal
communities. This knowledge may enable better core site selection in future studies.
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Exploring the Relationships of Sea Ice Proxies in East Antarctica
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Polar Sea ice plays an important role in the global climate system by acting as climate change indicators.
Satellite observations inform us Antarctic sea ice extent has had consecutive maximum sea ice records
between the years 2012 to 2014, but experienced a record low in 2016. With satellite data available from
1979, distinguishing long term trends from the noise of inter-annual variability has been challenging. This
has led to reconstructions of Antarctic sea ice in the 20th century using proxies from the ice core trace
chemical records extracted from the Antarctic ice sheet. Methanesulphonic acid (MSA) is closely linked to
biological marine activity and its preservation in the sea ice allows it to be used as a sea ice proxy (Curran
2003, Abrams 2013). Sea salts such as chloride which are stable in the ice sheet, hold potential as proxies for
sea ice extent over glacial timescales. Pre-satellite information suggests a decline in Antarctic sea ice over
the 20th century although the magnitude of the decline varies regionally.

In this study we explore the relationship between sea ice proxies such as MSA and chloride with sea ice
extent at three sites in East Antarctica: Mount Brown South, Aurora Basin North and Dome Summit South.
We show that MSA and chloride have significant relationships with the sea ice at these regions which
warrant further study. Investigating the variability of sea ice reconstructions from these regions is a vital
step towards understanding the regional patterns of long term Antarctic sea ice trends.
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The oxygen isotopic variations in a Dome Fuji (Antarctica) ice core —
Relationships of the temperature proxy with solar activity and oceanic
variations

Yuko Motizukit
IRIKEN, Wako, Japan

Dome Fuiji station, one of Japanese research stations in East Antarctica, is located on a summit of Dronning
Maud Land at an altitude of 3,810 m a.s.l. (above sea level; 77°19’ 01” S, 39°42’ 12” E) and the 10 m depth
mean snow temperature is -57.3°C. The East Antarctic inland area in the vicinity of the Dome Fuji station
has been recognized to be very unique: The snow and ice there contain much stratospheric information
rather than tropospheric information compared with other Antarctic ice cores.

We present our quasi annually-resolved temperature reconstruction of 1750 — 1940 AD, a period of
preindustrial era, based on oxygen isotope measurement on a shallow ice core drilled in 2010 at the 10 km
south of the Dome Fuji station. The concerned Dome Fuiji ice core called DFS10 is dated by applying volcanic
signature matching to transfer the West Antarctic Ice Sheet (WAIS) Divide ice core chronology constructed
by annual layer counting. Based on this quasi-annual chronology, we have examined a well-established
temperature proxy, 6180. We found periodicity of ~10 and ~20 years in our time series analyses. In our
presentation, we will further discuss the origin of these periods by investigating their cross correlation with
solar activity variations and also with Pacific Decadal Oscillation (PDO) that has been known to have ~20
years periodicity, as a representative of oceanic and atmospheric variations.
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Evidence of MIS Late Peistocene Ice Melt from Planktonic Foraminfers
impacted by the Totten Glacier outflow over the Sabrina Slope, East
Antarctica

Bradley Opdyke?, Phil O'Brien?, Leanne Armand*
IThe Australian National University, Canberra, Australia

Stable isotope analyses of n. pachyderma from RV Investigator(IN2017-V01), Piston Core #1 (PCO01) indicate
after preliminary dating, negative delta 180 intervals during Heinrich events 4 and 5 (Epica Dome intervals
AIM 8 and 12). We interpret these as indicating meltwater events from the Totten Glacier catchment. The
change in delta 180 is on the order of one per mil or more during these events. The core site is located on
the continental slope seaward and slightly west of the Totten Glacier in an area likely to be on the path of
water moving from the front of the Totten, at a depth of 2163m. Typically, preservation of foraminifera is
relatively rare in slope sediments that are close to the ice edge, however during the meltwater events
foraminiferal preservation is good and the foraminifera are abundant. We suggest that the stratification
established by the meltwater plumes diminishes the productivity of the diatom assemblages and reduces
the flux of organic matter to the sea floor locally, which aids in the preservation of the foraminifera in the
sediment underneath the plume. That significant meltwater can reach the slope region off the East
Antarctic margin is a surprise given how cold and stable the East Antarctic margin is perceived to be and
implies a much more dynamic East Antarctic ice sheet than previously thought.
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An expanded view on the Orbital Response of West Antarctic Ice Sheet
Dynamics during the Mid- to Late Pliocene
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International Ocean Discovery Program Site U1524 is located on the eastern levee of the Hillary Canyon
system, which acts as a major conduit for newly formed Antarctic Bottom Water (AABW) and its export into
the Southern Ocean. We present an integrated sedimentological (lithofacies and grain size), inorganic
geochemical (XRF), and organic geochemical (TOC and bulk carbon and nitrogen isotopes) datasets that
demonstrate the significant role changes in southern hemisphere seasonal insolation had on the West
Antarctica Ice Sheet (WAIS) during the mid- to Late Pliocene.

The “warm” mid-Pliocene 3.0-3.3 Ma is characterized by 100,000 year paced lithological changes and low
amplitude 100,000 year variability in our iceberg rafted debris (IBRD) mass accumulation rate (MAR) record.
The low amplitude variability IBRD MAR record is mostly likely a consequence of a retreated ice margin
when relatively warmer than modern surface ocean conditions enhanced melt out of ice bergs close to the
margin. Whereas, after 3.0 Ma the gradual increase in terrigenous mud content and large amplitude
100,000 year IBRD MAR cycles is consistent with evidence from the AND-1B record of a dynamic ice margin
with large scale fluctuations in ice sheet extent and retreat superimposed on southern ocean cooling trend.
The orbital pacing in our record is consistent with new far-field Pliocene sea level reconstructions and both
deep ocean and surface ocean changes occurring the Pacific Ocean sector that appear to be decoupled from
the globally integrated benthic d180 stack record.
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Million Year Ice Core: Australia’s oldest ice core project
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The aim of Australia’s Million Year Ice Core (MYIC) project is to recover a continuous Antarctic ice core
reaching beyond 1.2 million years into the past. Obtaining such a record is a deliverable of the Australian
Antarctic Science Strategy and a key priority of the International Partnership in Ice Core Sciences. The MYIC
will extend the Antarctic continuously-dated ice core record beyond the current 800,000 years and across
the Mid Pleistocene Transition, during which the pacing of glacial cycles changes from 41,000 to 100,000
years. Resolving the cause of this non-linear shift in the Earth's climate state is the major scientific
motivation of the project.

The MYIC project is collaborating with the European Beyond Oldest Ice (BE-Ol) project and the US Ice
Drilling Program in accordance with IPICS call for two or more oldest ice cores. The target drilling sites for
MYIC and BE-Ol are in the 'little Dome C' region (~30km south of Dome Concordia Station) where
collaborative radar surveys and modelling indicate million-year-old ice is likely present in a ~2.8 km-deep
stratigraphically-continuous profile. The suite of MYIC measurements will include the primary greenhouse
gases and their isotopes, temperature and climate proxies, radionuclides, volcanic markers and tracers of
crustal weathering.

The project is led by the AAD, partnering with CSIRO and UTAS, with ongoing development of other national
and international collaborations. The presentation will update the community on drill development, MYIC
science and collaborative opportunities. We hope to stimulate discussion and engagement with the broader
Antarctic science community.
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Late Holocene climate variability inferred from lake sediments in Litzow-
Holm Bay, East Antarctica
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Lakes in coastal ice-free regions of Antarctica sit at the boundary of the continent and the oceans, providing
an opportunity to fill a spatial gap between palaeoclimate records derived from ice cores and those from
lower latitudes. High resolution records have been developed from the sediments of Lake Hamagiku and
Lake Naga in Liitzow-Holm Bay, East Antarctica, tracing environmental change through the last 3000 years.
These reconstructions are based on sedimentary diatom species composition and bulk organic matter
carbon and nitrogen isotope ratios. These records of past environmental change are supported by an
investigation into the modern relationship between diatom assemblages and their habitats and lake water
chemistry. Specific conductivity was found to be the primary factor explaining variations in diatom
assemblage. Diatom assemblages were also found to significantly differ between the littoral region and the
lake floor deeper than two metres water depth. Both lakes record a coherent and sustained shift in fossil
diatom assemblage at ~1800 cal. yr BP, interpreted to reflect an increase in the duration of ice-free
conditions associated with regional warming. Lake productivity, inferred from diatom valve concentrations
and isotope geochemistry, appears to be stable through this time period however, which is attributed to
limitations imposed by low nutrient conditions. Periodicity with a wavelength of ~250 years was identified in
the records from both lakes. These periodicities are consistent with those reported from a range of
Southern Hemisphere paleoclimate records and reconstructions, and have been associated with both solar
activity and Southern Hemisphere westerly airflow.
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Eight centuries of hydroclimatic variability recorded in a southwest
Australian speleothem with an annually resolved chronology
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Speleothems from Golgotha Cave in SW Western Australia have been investigated to extend our knowledge
of past climate variability for this region during the last millennium. A challenge in their interpretation has
been the disagreement between these records despite representing coeval growth from within the same
cave. This presentation will focus on a record (GL-S4) that grew continuously over the past eight centuries
determined by counting annual chemical laminations. The paleoclimate interpretation of GL-S4 is informed
by long-term monitoring of Golgotha Cave to characterise the hydrology’-*, hydrochemistry®,®, rainfall water
isotopes’ and the development of proxy system forward models’,®. A principal components analysis
demonstrates that the dominant variability in the GL-S4 geochemical record is attributable to hydroclimate
(PC 1), soil connectivity (PC 2) and bedrock weathering (PC 3). These results provide eight centuries of
baseline data to extend our knowledge of past hydroclimate variability for this region that is currently
experiencing a prolonged decrease in rainfall.



1701

Late Pleistocene and late Pliocene records of glacial-interglacial
paleotemperatures and depositional processes in the outer Amundsen
Sea from diatom morphometrics and sedimentary microfabrics
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Drilling in the outer Amundsen Sea, IODP expedition 379 recovered Upper Pliocene and late Pleistocene
biosiliceous records that document oceanographic changes coincident with dramatic glacial-interglacial
changes in the West Antarctic Ice Sheet (WAIS) and the Southern Ocean. We are generating preliminary
paleotemperature records for the last 620 kyrs (representing Marine Isotope Stages 15 (MIS-15) to MIS-4)
from quantitative morphometric analysis of the dominant Pleistocene diatom Fragilariopsis kerguelensis,
following techniques pioneered by Kloster and colleagues (2014; 2018; 2019). Utilizing the SHERPA image
processing and analysis package, we assess two distinct morphotypes that have been shown to correlate
with temperature and water mass. We have reason to believe that a significant amount of these diatoms
are advected from the upwelling zone further offshore, rather than recording local production, thus the
record may be useful in tracking changes in southward advection of diatoms in Circumpolar Deep Water; a
primary influence on marine ice sheet instability.

Many Late Pliocene interglacials here are characterized by a strong association of enhanced ice-rafted
detritus (IRD) coincident with very high diatom productivity. Using continuous light and scanning electron
microscopy through key intervals we are documenting microfabrics that demonstrate a direct link between
enhanced iceberg production and diatomite accumulation. This strong correlation may indicate that WAIS
collapse events and iceberg melting, especially in the late Pliocene, enhanced nutrient availability to the
Southern Ocean, either directly from the continent or by changing upwelling or current patterns associated
with ice sheet retreat.
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A first insight into mercury atmospheric deposition in lakes from sub-
Antarctic Macquarie Island
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Mercury is a potent neurotoxin with a high rate of bioaccumulation and biomagnification in food chains,
causing serious health issues for wildlife and human populations. The atmospheric residence time of
elemental mercury is several months to a year, and therefore it can travel long distances in the atmosphere
and be deposited to remote locations such as the Antarctic region. In this study we measured mercury
concentrations and fluxes in sediments of two lakes on sub-Antarctic Macquarie Island (Lake Tiobunga and
an unnamed lake in the northwest, Lake 1) to examine the influence of climate and anthropogenic activities
on mercury deposition. Mercury fluxes in the last 3,000 years varied from 4 to 26 (ug-1m2 yr-1), with the
highest fluxes recorded between ~600 and 300 cal yr BP (1400-1700 CE). Mercury fluxes also increased in
the last 100 years, suggesting the influence of anthropogenic effects such as industrial emissions and long-
distance transport, as well as erosional inputs associated with the activities of introduced rabbits. Lakes
from other sub-Antarctic islands need to be studied to provide a refined history of the effects of climate and
wind strength on mercury deposition in the sub-Antarctic region, as well as to decouple the anthropogenic
influence on mercury deposition in Macquarie Island in the last 100 years.
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Antarctic climate response to large volcanic eruptions in the historical
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Large tropical volcanic eruptions are well known to change the global climate and maybe even interfere
with some natural modes of variability such as El Niflo Southern Oscillation. As they inject a high amount of
sulfur gas into the stratosphere, sulfate aerosol loading increases a few months after the eruption, which is
then transported globally. Large tropical events may, therefore, affect extratropical climate variability. For
example, temperature changes have been identified in Antarctica after the Pinatubo eruption in 1991, as
warming in the peninsula. However, a causal link with the eruption and, more generally, a possible influence
of large tropical volcanic eruptions on the Southern Hemisphere climate are still open questions. In this
study, we aim to focus on the five biggest eruptions of the historical period (Krakatau — Aug/1883, Santa
Maria — Oct/1902, Mt Agung — Mar/1963, El Chichdn — Apr/1982 and Pinatubo — Jun/ 1991) by assessing
two CMIP6 class models (IPSL-CM6A-LR Large Ensemble and BESM) and two Reanalyses (NOAA 20th
Century Reanalysis and ECMWF's ERA 20th Century).
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Diatoms in Ice Cores, a new proxy for reconstructing past wind strength in
the Amundsen-Bellingshausen Seas region, Antarctica

Dieter Tetzner?, Liz Thomas?, Claire Allen®
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In the last decade, several efforts have been carried out to assess the causes of the current rapid recent
warming measured on West Antarctica and Antarctic Peninsula. The increase in wind strength and shifts in
atmospheric circulation patterns have shown to play a key role in driving the advection of warm air from
mid-latitudes to high-latitudes. Winds are also responsible for driving surface melting in the ice shelves,
enhancing the removal of surface snow, and for promoting basal melting through the upwelling of deep
warm water. All these combined have shown to produce substantial effects on environmental parameters,
such as sea surface temperatures, sea ice extension, air surface temperatures and precipitation.

Even though winds are fundamental components of the climatic system, there is a lack of reliable long-term
observational wind records in the region. This has hindered the ability to place the recent observed changes
in the context of a longer time frame.

In this work, we present records of marine diatoms preserved in a set of ice core retrieved from the
southern Antarctic Peninsula, the Ellsworth Land region and sub-Antarctic Islands. The diatom abundance
and species assemblages from these ice cores prove to represent the local/regional variability in wind
strength and circulation patterns that influence the onshore northerly winds. We use this novel proxy to
produce an annual reconstruction of westerly winds in the Amundsen - Bellingshausen seas region during
the last two centuries.
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Bottom water oxygenation changes in the Southern Indian Ocean over the
last glacial cycle: implications for the efficiency of the ocean biological
carbon pump
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A larger remineralized carbon pool in the deep glacial ocean has been related to a more efficient
sequestration of CO2, yet the interplay and dynamics of potential mechanisms responsible for this
drawdown such as a slower glacial overturning circulation and/or a more efficient biological carbon pump
remain elusive. Bottom water oxygenation reconstructions based on redox-sensitive trace metals can help
decipher the relative contribution of these processes on the magnitude and efficiency of the partitioning of
carbon between the ocean and atmosphere. We present downcore manganese (Mn) and authigenic
uranium (aU) records from the last glacial-interglacial cycle based on three sediment cores retrieved in the
vicinity of the Kerguelen Plateau in the Southern Indian Ocean covering a transect from the Antarctic to the
Subantarctic Zones. For the Subantarctic and Polar Frontal Zones, we report higher bottom water
oxygenation during interstadials and lower oxygenation during glacial periods. Compared with export
production reconstruction, this suggests a dominant influence of ventilation changes compared to local
export production on sedimentary redox conditions. Export production may have entailed a secondary
influence on bottom water oxygenation during terminations as a result of enhanced aeolian Fe supply at our
core sites, enhancing by inference the respiratory oxygen demand associated with organic matter
remineralization. In the Antarctic Zone, we cannot detect a coherent glacial-interglacial bottom water
oxygenation pattern. The robustness of trace-metal reconstructions may be limited due to the shallow core
location exposed to temporally varying water masses and thereby affecting oxygenation patterns.
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A new dinoflagellate cyst-based transfer function for the Southern Ocean:
Quantifying sea surface temperature, sea-ice and nutrient availability
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Dinoflagellate cyst assemblages are widely used to reconstruct past marine environmental conditions. Most
of these reconstructions have been qualitative, limiting their potential and impeding immediate comparison
to other proxies. As dinoflagellate cysts are often continuously present in past sediments, a new
guantitative approach would greatly improve the reconstruction of past ocean conditions.

Here, we present a novel way to better quantify sea surface temperature, sea ice and nutrient availability
for the Southern Ocean based on modern sedimentary dinocyst assemblages. We combine previously
published (Marret et al., 2019) and new surface sedimentary dinoflagellate cyst assemblages from the
Southern Indian Ocean and the Ross Sea, increasing the spatial coverage of ice-proximal locations, with a
novel way to assess the connection of sedimentary particles to the overlying water. Lagrangian particle
trace simulations in high-resolution (1/12°) ocean models allow us to account for lateral transport by ocean
currents and thus lead to a more accurate identification of surface water source regions of the sedimentary
dinocyst assemblages.

We now make use of several statistical means, such as a bayesian approach, to further detect, separate and
improve correlations between the new database of modern dinocyst assemblages and environmental
conditions. Eventually, we compare these results to existing techniques (such as the modern analogue
techniques or weighted averaging—partial least squares) in order to translate dinocyst assemblages to
guantitative paleoceanographic conditions.
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Climate variability in Antarctica and the Southern Hemisphere over the
past 2000 years (CLIVASH2k)

Elizabeth Thomas®
1British Antarctic Survey, Cambridge, United Kingdom

The CLIVASH2k working group is part of the PAGES 2k network. We aim to improve our understanding of
large-scale modes of climate variability and the mechanisms and drivers of climate change in Antarctica, the
sub-Antarctic and the wider Southern Hemisphere during the past 2000 years. We build upon previous
PAGES syntheses documenting changes in Antarctica over the past 1000-2000 years to focus on the
mechanisms driving climate variability. The working group is open to anyone working on climate variability
in the southern hemisphere and currently consists of paleoclimateologists working on a range of archives
(ice cores, marine sediments, lake sediments, and peat and moss banks), climatologists and climate
modellers. Come along to the poster for more information and ways to get involved.
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The 14C0O2 bomb pulse in firn air and ice at Aurora Basin North, East
Antarctica.

David Thornton¥?, David Etheridge?, Cathy Trudinger?, Mauro Rubino?, Andrew Smith*, Bin Yang*, Mark
Curran®®

IClimate Science Centre, CSIRO Oceans & Atmosphere, Aspendale, Australia, Australian Antarctic Program Partnership,
Hobart, Australia, 3Seconda Universita di Napoli, Caserta, Italy, *Institute for Environmental Research, ANSTO, Lucas
Heights, Australia, *Australian Antarctic Division , Hobart, Australia

In modern times, the natural radiocarbon (14C) cycle has been perturbed by the large-scale combustion of
fossil fuels during the industrial period and more recently by nuclear technologies. The above-ground
testing of nuclear weapons during the 1950s and 1960s doubled the amount of 14C in the atmosphere and
this ‘bomb-pulse’ of 14C02 has been taken up in plants through photosynthesis. It has also been
incorporated in air in open pores of firn before close-off in bubbles in polar ice sheets. Due to its rapid onset
and known decline, the pulse provides a powerful constraint to quantify the smoothing of atmospheric CO2
signals due to firn diffusion and bubble close off. The degree of smoothing determines the time resolution
with which trace gas histories can be reconstructed from ice cores. When used to tune a firn air diffusion
model, the measured 14C0O2 ‘bomb pulse’ also permits accurate dating of CO2 and other gases in the air
record.

Here we report on the extraction of CO2 from Aurora Basin North (ABN) firn air and ice core air bubbles. As
expected, results suggest the age spread at ABN is wider than higher accumulation sites, such as Law Dome.
Firn modelling has been completed and the 14C results have been incorporated to help determine (with
other gas measurements) the age and age spread of air in firn and ice at ABN. Measurements at ABN will
also help confirm variations measured in other cores such as at Law Dome.
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Exploring Past Connections between Productivity and Iron Supply at the
Subtropical Front

Manish Tiwari*, Sidhesh Nagoji*
INational Centre For Polar And Ocean Research, Vasco, India

Dust can affect the global climate through several ways amongst which fertilization of the HNLC regions by
iron-bearing dust is an important one. However, present-day iron-fertilization experiments have failed to
reproduce a large-scale, sustained productivity increase that would result in substantial CO2 drawdown.
One of the major questions is whether a significant portion of the organic carbon produced in the surface
waters due to nutrient utilization is exported below the mixed layer and preserved in underlying sediments.
In this scenario, the response of productivity to the past episodes of iron-bearing dust increase can provide
a clue. Here we present a record of nutrient utilization (nitrogen isotope ratio of sedimentary organic
matter) and consequent productivity variability and its preservation (total organic carbon and nitrogen
content of bulk sediment) from the Subtropical Front of the Indian Ocean sector of the Southern Ocean (42
°S latitude and 48 °E) for the past 71 kyr. We find that the nutrient utilization and productivity preserved in
the sediments are strongly coupled. We further compare our results with the EDC dust flux representing
global dust concentration and ODP1090 Fe mass accumulation rate (MAR) from the Atlantic sector of the
Southern Ocean representing iron-bearing dust input in the Southern Ocean. We find that nutrient
utilization increases during glacial periods along with the iron-bearing dust supply, which is accompanied
with high productivity. The close correspondence between these records reveals a possible connection
between aeolian dust influx and global climate via natural iron ocean fertilization.
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High-Resolution Paleoceanography of the Falkland Slope and the Scotia
Sea during Pleistocene based on IODP Expedition 382

Shubham Tripathi!, Manish Tiwari!, Michael Weber?, Maureen Raymo?, Victoria Peck?, Trevor Williams®,
Fabricio G. Cardillo®, Zhiheng Du’, Gerson Fauth®, Anna Glider®, Mutsumi lizuka®®, Suzanne O’ Connell?,
Thomas Ronge!?, Consortia I0DP Expedition 382 Scientists®3

INational Centre for Polar and Ocean Research, Vasco Da Gama, India, ?Steinmann-Institute, University of Bonn,,
Germany, 3Lamont-Doherty Earth Observatory, Palisades NY, USA, “British Antarctic Survey, Cambridge, UK,
>International Ocean Discovery Program, Texas A&M University, , USA, ®Departamento Oceanografia Servicio de
Hidrografia Naval, Ministerio de Defensa., , Argentina, ’State Key Laboratory of Cryospheric Sciences, Chinese Academy
of Sciences, , China, éInstituto Tecnologico de Micropaleontologia -itt Fossil Ave. UNISINOS, 950, , Brazil, °College of Earth,
Ocean and Atmospheric Sciences, Oregon State University, , USA, °Knowledge Engineering, Tokyo City University, , Japan,
"Dpepartment of Earth and Environmental Sciences, Wesleyan University, , USA, *?Marine Geology, Alfred Wegener
Institute Helmholtz-Center for Polar and Marine Research, , Germany, *3Consortia IODP Expedition 382 Scientists, ,

Iceberg alley and Sub-Antarctic zone of South Atlantic is a key modulator for the global climate. The
sensitivity and the importance of this region to the climate change have been a significant topic of research
with respect to past, present and future climate. The studies related to long term climate reconstructions
and frontal movement during the glacial-interglacial cycles are lacking in the Iceberg Alley. Resolving
changes in the transition of various fronts located in the region is crucial for advancing our understanding of
the Southern Ocean’s role in affecting ocean and climate change on a global scale. Diatom-bound RI15Ndb
was used to reconstruct the glacial-interglacial nutrient utilization variability of the Subantarctic Zone.
Earlier down-core records from the Southern Ocean showed BI15Ndb variability of 5 to 6 %o during the Last
Glacial Maximum. The BI15Ndb values decreased to values as low as 2 %o during the glacial terminations.
Changes in nutrient utilization may have resulted from atmospheric dust influx and/or decreased mixed
layer depths associated with sea ice melting. Enhanced nutrient consumption during glacial periods in Sub-
Antarctic regions would have lowered the concentration of CO2 in the atmosphere. We will present here
the @15Ndb and BI15N-SOM of the scrape sediment and squeezed cake samples retrieved during IODP
expedition 382 spanning the timespan of Pleistocene.
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Synoptic climatology of the Southern Indian Ocean and potential links to
East Antarctic ice cores

Danielle Udy'?, Tessa Vance®*, Anthony Kiem?®, Neil Holbrook'?, Mark Curran®

Institute for Marine and Antarctic Studies / University of Tasmania, Hobart, Australia, °Centre of Excellence for Climate
Extremes, Hobart, Australia, Antarctic Gateway Partnership / UTAS, Hobart, Australia, *Australian Antarctic Partnership
Program, Hobart, Australia, *University of Newcastle, Newcastle, Australia, °Australian Antarctic Division, Kingston,
Australia

Interpretation of eastern Antarctic ice-core palaeoclimate proxies can be improved through better
understanding of the synoptic-scale dynamics and variability of the Southern Indian Ocean. In the case of
high-resolution (seasonal to annual) ice-cores, this is especially important, as event-scale precipitation and
redistribution of surface snow can enhance or weaken links to regional climate processes. Two high
resolution ice-cores in East Antarctica, Law Dome and Mt Brown South (MBS), provide an opportunity to
extend and broaden our understanding of Southern Indian Ocean synoptic variability prior to the modern
satellite era (post 1979). However, limited understanding of the variability of synoptic processes (daily to
decadal) influencing the East Antarctic ice-cores and how these are preserved in ice cores hampers the
interpretation of palaeoclimate proxies. Here we present results from a synoptic typing study for the
Southern Ocean region between 40°E and 180°E — the ‘atmospheric catchment’ region for both Law Dome
and MBS. Our results describe regional synoptic conditions, ranging from meridional, mixed and zonal
patterns. The zonal and mixed patterns were strongly correlated with the Southern Annular Mode (SAM);
however, the regional synoptic representation of positive SAM conditions is not zonally symmetric.
Additionally, our results indicate that during austral spring and summer, the meridional patterns have
stronger relationships with tropical modes of climate variability (i.e. Indian Ocean Dipole, El Nino Southern
Oscillation) compared to SAM. These results are useful for East Antarctic atmospheric transport and climate
variability research, in particular for improved interpretation of East Antarctic ice-core climate proxies.
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Evidence of Southern Hemisphere lead in a millennial-scale warming
event of the last glacial period

Abhijith Ulayottil Venugopal®, Nancy Bertler’?, Thomas Blunier®, James Edward Lee*, Laurie Menviel®,
Giuseppe Cortese?, Rebecca Pyne?

Wictoria University Of Wellington, Wellington, New Zealand, °GNS Science, Wellington, New Zealand, Neils Bohr
Institute, University of Copenhagen, Copenhagen, Denmark, *Los Alamos National Laboratory, , USA, *University of New
South Wales, , Australia

The Northern Hemisphere millennial-scale climatic oscillations of the last ice age, known as ‘Dansgaard-
Oeschger’ (DO) events, and their Southern Hemisphere counterparts, ‘Antarctic Isotope Maxima’ (AIM), are
characterized by their distinct phase relationship known as ‘bipolar seesaw’. A recent study taking
advantage of high-resolution ice core records from Antarctica and Greenland, suggests that DO-AIM events
are initiated in the Northern Hemisphere. Here, we present the relative timing of these events in Roosevelt
Island Climate Evolution (RICE) and Northern Greenland Ice Sheet Project (NGRIP) isotope records between
26-40 kilo years before present (ka BP 1950 AD). The well-constraint RICE age model and continuous flow
methane record provide an opportunity to examine the relative phasing during AIM-DO4. We demonstrate
that RICE cools 209481 years prior to the onset of this Greenland interstadial, which could indicate the
Southern Hemisphere initiation of these events, and nuances the generic Northern Hemisphere push. We
propose that the influence of water column stratification resulting from sea-ice melt on areas of open-
ocean convection as the major causal mechanism for the weakening of the southern limb of overturning
circulation in the Ross Sea. Additional factors may have also contributed to the build-up of water column
stratification in the region, such as local insolation changes and ice sheet melt. Our results show that the
evolution and relative phasing of individual DO-AIM events varies, providing additional insights into the
drivers of these events.
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An Interdecadal Pacific Oscillation reconstruction spanning the last two
millennia

Tessa Vance!, Anthony Kiem?, Jason Roberts®, Lenneke Jong®, Chris Plummer!, Mark Curran®, Andrew Moy?3,
Tas van Ommen?

Institute for Marine & Antarctic Sceince, University Of Tasmania, Hobart, Australia, °Centre for Water, Climate and Land,
University of Newcastle, Callaghan, Australia, *Australian Antarctic Division, Kingston, Australia

The Interdecadal Pacific Oscillation (IPO) is a nominally 15-30 year climate mode identified through analysis
of Pacific sea surface temperatures over the past 150 years. It is unclear whether the IPO is a true oscillation
or simply the low frequency response of the climate system to forcing, principally ENSO. Nonetheless, the
IPO has clear climate impacts, one example being hydroclimate variability in Australia. In positive phases of
the IPO, drought risk is heightened due to a reduction in the likelihood of large, recharging La Nina-derived
rainfall events. In negative phases, flood risk in Australia is greatly increased due to an increased likelihood
of such rain events.

Previous work derived a 1000 year, reconstruction of the IPO from multiple palaeoclimate archives from the
Law Dome ice core in East Antarctica. This reconstruction allowed the assessment of the true risk of
drought- and flood-prone epochs in Australia. Subsequently, an entirely independent reconstruction of the
IPO was developed using SE Asian tree records by Buckley et al. (2019), spanning most of the last
millennium. The fidelity the two reconstructions display with respect to the instrumental IPO record and
each other suggests both are representing IPO variability. Here we present an IPO reconstruction that
doubles the temporal span of existing reconstructions to cover the last 2000 years using newly analysed and
dated material from the Law Dome ice core. This new, longer reconstruction identifies important features of
Pacific decadal variability that have significant implications for understanding hydroclimate epochs across
Australasia and the Pacific region.
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High spatial and temporal variability of surface mass balance at ice rise
and promontories in Dronning Maud Land (East Antarctica): precipitation
vs. post-depositional processes

Sarah Wauthy?!, Mana Inoue?, Frank Pattyn!, Sainan Sun?, Mark Curran?, Philippe Claeys?, Jean-Louis Tison!
IUniversité Libre de Bruxelles, Brussels, Belgium, ?University of Tasmania, Hobart, Australia, 3Vrije Universiteit Brussel,
Brussels, Belgium

The surface mass balance (SMB) is one of the largest sources of uncertainty when determining the Antarctic
ice sheet total mass balance and thus Antarctica’s contribution to sea level rise. Here we present a
reconstruction of surface mass balance at two ice promontories located in Princess Ragnhild Coast
(Dronning Maud Land). To reconstruct the SMB history, we first date our ice cores using a suite of seasonal
parameters (water stable isotopes, major ions and ice conductivity). Annual layer thickness is then
converted into meter water equivalent using the measured density profile and by accounting for ice
deformation at depth using strain rates. The latter are obtained from ice dynamical modelling at the ice
divide and differential OPTV measurements from repeated surveys in the borehole.

The resulting SMB reconstructions exhibit a large interannual variability without any trend over the last 50
years for both promontories. This is in sharp contrast with the SMB reconstruction from the Derwael Ice
Rise (located at 90 km from our easternmost promontory) that showed a significant SMB increase since the
1950'’s, consistent with expected snowfall increase as a result of higher temperatures (Philippe et al., 2016).
Different factors may contribute to these contrasting results over a relatively short distance, such as
variability in precipitation regime (e.g. atmospheric rivers) and/or post-depositional processes (e.g. wind
erosion). Such large discrepancies over short distances of the order of spatial resolution of global
atmospheric models have major implications for understanding precipitation changes across the Antarctic
ice sheet.



1105

Ice core biomarker constraints on past sea ice change in the Ross Sea

Holly Winton?, Nancy Bertler!, Chris Fogwill?, Matthew Harris?
Wictoria University Of Wellington, Wellington, New Zealand, ?University of Keele, Keele, United Kingdom

Ice core biomarkers show great promise for reconstructing marine primary productivity and sea ice change
in Antarctic waters. A novel ice core biomarker based on spectroscopy of fluorescent Organic Matter (fOM)
paired with Imaging Flow Cytometry (IFC) offers new information on changes in microbiota transported in
the atmosphere and deposited in Antarctic snow. Here we provide the first results of fOM from the
Roosevelt Island Climate Evolution (RICE) ice core recovered from the northern margin of the Ross Sea. The
10 m firn core record of fOM captures marine variability over the past 50 years. We outline our plans to
extend the fOM record to the past 2000 years providing constraints on marine primary productivity and sea
ice change. Correlation of the RICE record with annually resolved marine sediments will extend the
relatively short observational record of sea ice in the Ross Sea region improving our understanding of
regional climate variability.
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The sensitivity of the early Cenozoic Southern Ocean to Tasman Gateway
depth and wind stress

Qianjiang Xing®, Andreas Klocker!, Joanne Whittaker?, Isabel Sauermilch?®
nstitute For Marine And Antarctic Studies, Hobart, Australia

Ocean circulation is largely modulated by the distribution of continents and seafloor topography. Tectonic
motions of continents through the Cenozoic led to the opening of gateways between major ocean basins,
causing the alteration of global ocean circulation. While the role of Tasman Gateway deepening has been
modelled in the past, the role of wind stress in the Southern Ocean has not yet been investigated. Here, we
use an eddy-permitting model (0.25°) with relatively realistic paleobathymetry to investigate the evolution
of the Cenozoic Southern Ocean under the gradual deepening of the Tasman Gateway and latitudinal
modifications of wind stress. We find that clockwise polar gyres exist in both Pacific and Indo-Atlantic
sectors of the Southern Ocean. The latitude of the wind band affects the size and strength of the gyres. As
the wind band moves southward, the gyres get shrunk, while the strength is intensified. A strong eastward
current develops under the synergistic actions of gateway deepening and wind stress shifts to the south.
The influence of the latitude of the wind band is particularly noticeable when the Tasman Gateway is deep
at 1500 m, where a 5 degree southward shift causes a strengthening of this interbasinal current by about 20
Sv. Furthermore, we propose that it is the latitude of maximum westerly wind relative to the northern
margin of the deep Tasman Gateway that controls the strength of the throughflow.
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Antarctic sea ice variability during the past 200 years

Jiao Yang?!, Cunde Xiao??, Jiping Liu®, Dahe Qin!
INorthwest Institute Of Eco-environment And Resources, Chinese Academy Of Sciences, Lanzhou, China, 2Beijing Normal
University, Beijing, China, 3University at Albany, State University of New York, Albany, USA

In contrast to the Arctic, where total sea ice cover has been decreasing since systematic satellite
observations began in the late 1970s, Antarctic sea ice has shown a steadily and significant increasing trend
from 1979 to 2014, followed by a precipitous decline after 2014. However, the observational period is too
short to evaluate the sea ice variability and its drivers over decadal to multi-decadal time scales. In this
study, ice core and fast ice records are used to reconstruct the latitude of northernmost sea ice extent
(NLSIE) for different sectors of the Antarctic, including the Indian and west Pacific (IndWPac), Ross Sea (RS),
Amundsen Sea (AS), and Weddell Sea (WS). We analyze the linear trends of the NLSIE for the past 100~200
years (-0.03°, 0.02°, 0.07°and -0.08° per decade for the IndWPac, RS, AS, and WS respectively) and identify
possible regime shifts using a sequential data processing scheme. Our results suggest that the NLSIE trend in
all sectors accelerated after the mid-20th century. The rapid decreasing trend in IndWPac was associated
with the positive shift of Indian Ocean Dipole (I0D) and Southern Annular Mode (SAM). The increasing trend
in RS and AS, and the decreasing trend in WS was associated with the multi-decadal variability of
Interdecadal Pacific Oscillation (IPO) and the positive trend of SAM.
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Identifying atmospheric processes favouring the formation of physical
features in the Mount Brown South ice core.

Lingwei Zhang?, Tessa Vancel, Alexander Fraser!, Lenneke Jong?, Alison Criscitiello®, Nerilie Abram*, Andrew
Moy?, Chris Plummer?, Jason Roberts?, Paul Vallelonga®, Mark Curran?, Adam Treverrow?, Vincent Favier®
Institute for Marine & Antarctic Studies, University Of Tasmania , Hobart, Australia, Australian Antarctic Division,
Kingston, Australia, *Dept of Earth & Atmospheric Sciences, University of Alberta, Edmonton, Canada, *Research School of
Earth Sciences, Australian National University, Canberra, Australia, °Nihls Bohr Institute, University of Copenhagen,
Copenhagen, Denmark, ®Université of Grenoble-Alpes, Grenoble, France

The features preserved in ice cores provide crucial and unique records about the past atmospheric
variability, offering the possibility to increase knowledge of the climate system and better predict future
climate changes. Consequently, understanding the link between features in ice cores and the atmospheric
processes causing them is key to interpreting the palaeoclimate information preserved in Antarctic ice. Ice
cores from Mount Brown South (MBS), East Antarctica, were drilled to help understand the past
atmospheric circulation variability in the southern Indian Ocean and southwest Pacific Ocean. In addition to
chemical and isotopic records, high-resolution images of the ice core were made using an Intermediate
Layer Ice Core Scanner (ILCS). Upon physical inspection of these images, there are visible bubble-free layers
occurring frequently multiple times a year, and the origin of these features is still unknown. This project
aims to determine whether the bubble-free layers in the MBS ice core can be related to atmospheric
processes. We use the newly available reanalysis products (ERA5) from the European Centre for Medium
range Weather Forecasts (ECMWF) to investigate the occurrence of atmospheric processes in the Mount
Brown region including temperature inversions, wind scour and accumulation hiatuses. We dated the ice
cores using multiple annual chemical and isotopic horizons, and then used ERA-5 regional accumulation to
estimate the season that the bubble-free layers occurred during 1979-2017. This information is used to
detect the weather patterns occurring when the layers were formed in order to identify the most likely
processes causing the bubble-free layers.
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Magnetostratigraphy and Environmental Magnetism Study of Hole
U1524A from IODP Expedition 374

Xiangyu Zhao!, Saiko Sugisaki?, Tim van Peer?, Yusuke Suganuma®*, Joseph Stoner®, Laura De Santis®, Robert
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Scientists, IODP Expedition 383 Scientists

INational Institute of Polar Research, Japan, Tachikawa, Japan, °National Institute of Advanced Industrial Science and
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Southampton, UK, “Department of Polar Science, SOKENDAI (The Graduate University for Advanced Studies), Japan,
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IODP Expedition 374 aims at resolving the Ross Sea ice sheet history since the Miocene. Hole U1524A is
cored ~120 km north of the Ross Sea continental shelf edge, providing important materials to reconstruct
the ice sheet variability and corresponding driving forces. To determine the age of the cores of U1524A, U-
channel samples were taken from the top 8 cores and discrete cube samples were taken from the rest of
cores. The natural remanent magnetization (NRM) of the samples are AF-demagnetized in order to
determine the characteristic remanent magnetization (ChRM) upon which the magnetostratigraphy is built.
The NRM of the majority of samples are effectively demagnetized up to 80 mT. It is observed that most
samples carry pronounced overprints at the low coercivity range (< 10 mT), with weak signals left for ChRM
determination. Detailed rock magnetic experiments suggest that ChRM of weakly magnetized samples are
often suspicious. We attempted to correct the ChRM of weak samples in order to extract the geomagnetic
information from noisy data. Finally, three major normal/reversed polarity sequences are identified (down
to the bottom of Core 30), which suggests the bottom of Core 30 was deposited in the Mammoth Subchrons
that is about 3.3 Ma ago.

In addition, the magnetic properties of representative samples of Hole U1524A were compared with
sediments from Antarctic Circumpolar Current in the Central South Pacific sector retrieved by IODP
Expedition 383. The environmental connection between the Ross Sea and the far-field region are discussed
based on the magnetic properties.
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Observations of Weddell Sea Deep Water export through Orkney Passage:
2004-present

E. Povl Abrahamsen?, Arnold L. Gordon?, Bruce A. Huber?, Christian E. Buckingham?, Carl P. Spingys*, Alberto
C. Naveira Garabato®, Eleanor Frajka-Williams®, Andrew J. S. Meijers?, Michael P. Meredith?

1British Antarctic Survey, Cambridge, United Kingdom, 2Lamont-Doherty Earth Observatory, Columbia University,
Palisades, USA, 3IUEM / LOPS / Université de Bretagne Occidentale, Plouzané, France, *University of Southampton,
Southampton, United Kingdom, *National Oceanography Centre, Southampton, United Kingdom

Much of the Antarctic Bottom water that reaches large parts of the World Ocean is formed in the Weddell
Sea. Orkney Passage, a 3650-m deep gap in South Scotia Ridge, east of the South Orkney Islands, is a key
export region of Weddell Sea Deep Water (WSDW). Since 2004, moorings have made continuous
observations in this region, with the aim of shedding light on variability in deep water properties and export
rates. Coincident with these moored records are full water column profiles from ship-based profiling
instrumentation, and in 2017 near-bottom measurements were obtained from the Autosub Long Range
autonomous underwater vehicle. These observations have been pivotal for elucidating the water mass
transformation processes that take place as WSDW flows through these areas of extremely steep
bathymetry. Finally, nearby repeat hydrographic sections crossing South Scotia Ridge have revealed details
of links between the variability of abyssal water masses in the Weddell Sea and lighter water masses that
are able to reach the Scotia Sea. In this study, we present an overview of our observations in this region,
followed by a discussion of the most probable causes of the observed variability in deep water properties.
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Transport of inorganic carbon with Dense Shelf Water from the Adélie
Land coast, East Antarctica

Mar Arroyo?, Elizabeth Shadwick??3, Bronte Tilbrook®3, Steve Rintoul*?, Kazuya Kusahara*
Wirginia Institute of Marine Science, Gloucester Point, United States, °CSIRO Oceans & Atmosphere, Hobart, Australia,
3Centre for Southern Hemisphere Oceans Research, Hobart, Australia, “JAMSTEC, Yokosuka, Japan

Dense Shelf Water (DSW) supplied from Antarctic coastal polynyas is a key component of the formation of
Antarctic Bottom Water, contributing to global meridional overturning circulation. In this study, the export
of dissolved inorganic carbon with DSW from the Mertz and Ninnis Polynyas on the Adélie Land Coast in
East Antarctica is quantified. Shipboard observations from two summer surveys in 2015 and 2017 were
paired with model-derived DSW transport estimates to explore the offshore and cross-shelf fluxes of
inorganic carbon. Fluxes of inorganic from the shelf were associated with DSW export through the northern
boundary across the Adélie and Mertz Sills, with an additional westward transport from the Mertz through
the D’Urville Trough Sill. The source of inorganic carbon to DSW is mainly derived from inflowing modified
Circumpolar Deep Water in the mid-layer of the water column, with additional contributions from brine
rejection during sea ice formation. This work suggests that Dense Shelf Water export serves as a conduit for
the offshore transport of dissolved inorganic carbon, thereby connecting the atmosphere and the surface
waters on the shallow Antarctic continental shelf with the deep ocean.
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Rates and mechanisms of mixed layer development in the Drake Passage
sector of the Southern Ocean

Alexander Brearley?, Louise Biddle?, Ryan Scott?!, Miguel Morales-Maqueda®, Hugh Venables?, Michael
Meredith?, Sebastiaan Swart?

1British Antarctic Survey, Cambridge, United Kingdom, 2University of Gothenburg, Gothenburg, Sweden, 3University of
Newcastle, Newcastle, United Kingdom

The Southern Ocean is known to be a key region for the subduction and obduction of heat and carbon into
and out of the ocean’s interior. These processes are strongly governed by the deepening and shoaling of the
ocean’s mixed layer, which is known to respond both to surface forcing and to submesoscale fronts (scale of
1-10s km) that are present in the ocean’s interior. Here, we present a unique time series of ship, surface
vehicle and underwater glider measurements collected in the vicinity of the Southern Antarctic Circumpolar
Current Front (SACCF) in Drake Passage for two months in 2017-2018, which tracked the development of
the mixed layer during the early summer season. The autonomous vehicles were piloted so as to quantify
both the background mesoscale and small-scale submesoscale gradients, and were supported with high-
quality flux measurements from the ship and meteorological measurements from a WaveGlider. The results
show significant high-frequency variability in mixed layer depths during the deployment, with indications
suggesting this is coupled to the surface wind forcing. The wind data are analysed to assess the contribution
of Ekman buoyancy fluxes in promoting submesoscale instabilities, and the accompanying glider
temperature, salinity and velocity measurements are analyzed to determine the susceptibility of the flow to
a variety of instability processes. We discuss the implications of these processes for heat subduction into
the Southern Ocean on seasonal timescales.
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The Southern Ocean in Global Climate: The ORCHESTRA Programme

Alexander Brearley!, Andrew Meijers?, Michael Meredith?, David Munday?, Elizabeth Kent?, Yvonne Firing?,
Margaret Yelland?, Tim Smyth3, Melanie Leng* Helene Hewitt®, Pat Hyder®, George Nurser?, Lars Boehme®,
Anna Hogg’, Povl Abrahamsen?, Huw Griffiths?, Dan Jones?

1British Antarctic Survey, Cambridge, United Kingdom, ?National Oceanography Centre, Southampton, United Kingdom,
3pPlymouth Marine Laboratory, Plymouth, United Kingdom, *British Geological Survey, Nottingham, United Kingdom, *Met
Office, Exeter, United Kingdom, °St Andrews University, St Andrews, United Kingdom, “University of Leeds, Leeds, United
Kingdom

The Southern Ocean accounts for around half of all oceanic uptake of carbon, and more than three-quarters
of the heat uptake. Despite its profound importance, the Southern Ocean is also the least measured and
arguably the least understood of the world's oceans: its remoteness and inhospitable nature have led to a
dearth of sustained, strategic measurement programmes, and the small-scale and complexity of many of
the key processes have precluded the desired advances in simulation. To address these issues, a £10M
programme funded by the United Kingdom

NERC is underway - 'Ocean Regulation of Climate by Heat and Carbon Sequestration and Transports
(ORCHESTRA)'. ORCHESTRA spans five years (2016-2021) and is using combination of novel data collection,
analyses, and computer simulations to radically improve our ability to measure, understand and predict the
circulation of the Southern Ocean and its role in the global climate. It is making unique and important new
measurements in the Southern Ocean using a range of techniques, including basin-wide
ocean/carbon/tracer sections, as well as deployments ofautonomous vehicles, meteorological aircraft, seal
tagging and other innovative techniques for collecting data. It also involves the development and use of
advanced ocean and climate simulations, to improve our ability to predict climatic change in coming
decades. This poster will outline the

rationale and key results from the ORCHESTRA programme to date.
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Physical properties of the eastern Ross Sea observed during the ESTRO
project

Pasquale Castagno?, Naomi Krauzig?, Pierpaolo Falco?, Elena Mauri?, Riccardo Gerin?, Piero Zuppelli?, Stefano
Kuchler?, Arturo De Alteris?, Giovanni Zambardino?, Paola Rivaro?, Enrico Zambianchi?

IUniversita degli Studi di Napoli “Parthenope”, Napoli, Italy, ?Istituto Nazionale di Oceanografia e Geofisica Sperimentale,
Sgonico (TS), Italy, 3Universita Degli Studi Di Genova, Genova, Italy

During the last decades, the Ross Sea Dense Shelf Water, a precursor to AABW, experienced a steady
salinity decline. Recent observations show a striking salinity increase from 2016. Besides the negative
salinity trend and the recent rebound, coherent fluctuations with a time-scale of 5-10 years were observed.
A quantitative estimate of the terms contributing to the Ross Sea salt budget is necessary to understand the
physical mechanisms responsible for these changes. A crucial area to investigate is the eastern Ross Sea,
where the inflow of freshwater from the Amundsen Sea (ASW) occurs, and where the lack of observations is
still a major issue. In January 2020 the ESTRO project conducted for the first time a synoptic oceanographic
survey in this area. Its main objective was to characterise the inflow of Circumpolar Deep Water and ASW,
to assess the vertical mixing of these water masses, and to define their contribution to the freshwater
budget. Here we present hydrographic and current observations collected during the cruise. These
observations extended north-south across the shelf break from east of Cape Colbeck (155°W) to 165°W and
east-west along the Ross Ice Shelf (RIS) from the Bay of Whales to Ross Island. In addition, a glider was used
to complete a transect between the RIS and the shelf break. The ASW characterized by salinity of 34.12 and
potential temperature of -1.86°C was identified in a 200m layer centred at 150m depth. These observations
will be discussed within the context of the (few) previous ocean observations available.
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Pushing SOOS to its limit: what can we see with the current Southern
Ocean Observing System?

Christopher Chapman?, Didier Monselesan?, Violaine Pellichero?
1CSIRO, Hobart, Australia, ?Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Australia

The Southern Ocean is known to be one of the most data-sparse ocean basin. Even in the era of Argo floats,
the density of in-situ observations in the Southern Ocean remains substantially lower than those of other
major basin, particularly in seasonally ice covered regions, and during the austral winter.

What physical processes and ocean structures can we "see" with the current Southern Ocean Observing
System (SOQS) and how can the system be improved? Here, we assess the current and some hypothetical
future observing systems through a series of simple Observing System Simulation Experiments (OSSEs): a
realistic, high resolution ocean model is sampled using the historical distribution of ship based, Argo float
and instrumented marine mammal profiles to create a database of "virtual" temperature and salinity
profiles. The ocean state is then reconstructed from these "virtual" observations using a sophisticated
optimal interpolation technique, which can then be compared to the "true" model state.

By selectively withholding various platforms within in-situ database, sub-sampling observations to degrade
the observing network, and removing observations from selected regions, we can assess how many in-situ
observations we require to effectively "see" the large, medium and small-scale ocean structure, as well as
where these observations must be taken. Various hypothetical future scenarios are presented (such as a
doubling of the number of Argo floats) to inform improvement of the observing system.
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Freshening and cooling effect of Vincennes Bay Bottom Water on the
layer of Antarctic Bottom Water in the Australian-Antarctic Basin

Linggiao Cheng?, Yujiro Kitade?, Keishi Shimada?, Yu Shirayi
IShanghai Ocean University, Shanghai, China, ?Tokyo University of Marine Science and Technology, Tokyo, Japan,
3SFURUNO ELECTRIC CO., LTD., Nishinomiya, Japan

Inter-annual variability of Antarctic Bottom Water (AABW) properties off the Vincennes Bay, East Antarctica,
is investigated based on five-time high-quality repeat hydrographic observations carried out in Januaries
2011-2015. Spatial and temporal variability in volumetric contribution of Vincennes Bay Bottom water
(VBBW), the mixture of local Dense Shelf Water (DSW) and modified Circumpolar Deep Water (mCDW), to
the AABW layer have been estimated respectively. Bottom water in this region is found having a significant
freshening (0.0016 /yr on average) and minute warming (0.0002 °C/yr on average) trend during these years.
Evidences show that VBBW has a freshening and cooling effect on the AABW layer. The largest contribution
of VBBW (> 30 %) along the ridge northwestern of Vincennes Bay (VB) is accompanied by the freshest and
coldest AABW property; VB-origin DSW freshens the internal layers of AABW, resulting in plume structures
tending to fresher and cooler in the potential temperature-salinity diagram. Temporal variation reflects that
there is a sharp increase of contribution of VBBW from 2014 to 2015 along 110°E. This variation
corresponds well to the enhanced northward wind, larger upward heat flux and more sea ice formation in
the coastal polynya region of VB during freezing season in 2014. Spatial contribution of VBBW, as well as
DSW, indicates that the main outflow route of DSW may be along the ridge northwestern of VB. VBBW can
reach the abyssal layer deeper than 4000 m at 61°S.
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Trends of the deep water masses properties in the Bransfield Strait,
Antarctica: Austral summers from 1960 to 2019

Brendon Yuri Damini®, Rodrigo Kerr?, Tiago Segabinazzi Dotto?
1Universidade Federal Do Rio Grande, Rio Grande, Brazil

The Bransfield Strait (BS) is influenced by dense Weddell Sea shelf waters recently ventilated. After sinking,
these waters remain restricted in the BS deep basins due to their thermohaline properties and the
bathymetric configurations. Thus, this region is frequently referenced to be a proxy area to study the
temporal variability of the Weddell Sea shelf waters.Here, the temporal evolution of the water masses from
the deep BS is investigated for the summer periods of 1960-2019. For this, historical hydrographic data from
the Word Ocean Database 2013 and from Alfred Wegener Institute spanning from the 1960s to 2010s are
combined with the High Latitude Oceanography Group (GOAL) measurements from 2003 to 2019. Cooling (-
0.0021 + 0.0020 2C/yr), freshening (—0.0005 * 0.0005 g kg -' /yr) and lightening trends (-0.0011 + 0.0010
kgm- 3 /yr) are observed in the BS central basin for that period. In turn, the eastern basin shows warming
(+0.0022 + 0.0034 °C/yr), freshening (—0.0007+0.0005 g Kg -' /yr) and lightening (-0.0017 + 0.0012 Kg m -3/
yr) for the same period. The results indicate a strong interannual variability of BS water masses
thermohaline properties, which are related to changes in the wind patterns associated to the climate modes
El Nifio-Southern Oscillation and Southern Annular Mode. Periods of higher salinity are associated with
increased intrusions of High Salinity Shelf Water from the Weddell Sea.
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Offshore Transport of Particulate Organic Carbon off the Antarctic
Peninsula by Nonlinear Mesoscale Eddies

Renato Castelao’, Michael Dinniman?, Patricia Medeiros?, Caitlin Amos?, John Klinck?
IUniversity of Georgia, Athens, United States, 2Old Dominion University, Norfolk, United States

The Southern Ocean plays a disproportionally large role in the global carbon cycle, accounting for a large
fraction of the global ocean CO2 uptake. The Southern Ocean is also unique because it encircles the globe,
providing a pathway for inter-basin exchange. Previous studies have shown that particulate organic carbon
(POC) accumulates seasonally around Antarctica. Here, we examine the offshore export of POC off the
Antarctic Peninsula, from areas of high accumulation near the coast to areas offshore that provide a link for
exchange of water masses and biogeochemical properties between the worlds’ major ocean basins. For
that, we use decade-long satellite observations of POC based on algorithms validated against in situ data,
eddy kinematic and propagation characteristics based on altimeter data and results from a high resolution
ocean model coupled to a sea ice model. We show that mesoscale eddies are nonlinear (geostrophic
velocities around the eddies exceed their propagation speed) in the top 750 m of the water column, and
that cyclones located offshore that were generated near the coast contain higher carbon concentration in
their interior than cyclones of the same amplitude generated offshore. This indicates that eddies are in fact
trapping and transporting coastal water offshore. The offshore transport is estimated at 1.1 Sv off the
Peninsula, resulting in an offshore POC enrichment of 4.5 + 1.3 Gg/year. Eddies may also strongly influence
the offshore transport of freshwater from ice melting, nutrients, phytoplankton and zooplankton,
potentially creating offshore oases for higher trophic organisms.
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Italian mooring observations in the western Ross Sea from 1995 to 2019

Pasquale Castagno?!, Naomi Krauzig?, Pierpaolo Falco?!, Federico Giglio?, Leonardo Langone?, Arturo De
Alteris?, Giovanni Zambardino?, Andrea Gallerani®, Giorgio Budillon*

IUniversity of Naples Parthenope, Naples, Italy, ?National Research Council (CNR) - Institute of Polar Sciences, Bolonga,
Italy, 3National Research Council (CNR) - Institute of Marine Sciences, Bologna, Italy

Antarctic Bottom Water (AABW) plays an important role in the deep ocean stratification and in the
transport of heat, carbon and nutrients throughout the global ocean. In the Pacific Sector of the Southern
Ocean, the Ross Sea is responsible for shaping the properties of approximately 25% of the world's AABW.
The Italian Marine Observatory in the Ross Sea (MORSea) project, funded by the Italian National Program of
Research in Antarctica (PNRA), has a network of four active moorings in the western Ross Sea: two located
in the Terra Nova Bay polynya, where the HSSW precursor of the AABW is formed, and two close to the
shelf break in the Drygalski and Joides troughs where the AABW is formed from the interaction of the shelf
waters and the warm circumpolar deep water and subsequently exits from the continental shelf.

CTD data and moored observations time-series collected since 1995 have shown significant changes in the
thermohaline characteristics of HSSW.

MORSEa mooring, deployed from 1998 to 2019 in the central Ross Sea, are demonstrating the important
role played to assess the cross-shelf exchanges processes and changes in the AABW formation in the Ross
Sea and how rapidly these changes occur.
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Characterization of the ocean mesoscale eddies in the Antarctic
Circumpolar Current from in situ, model and remotely sensed data

Yuri Cotroneo?, Lavinia Patara?, Milena Menna?, Pierpaolo Falco?, Jan Klaus Rieck?, Giulio Notarstefano?,
Giannetta Fusco?, Glorgio Budillon?, Pierre Poulain®

IUniversity of Naples Parthenope, Naples, Italy, ?°GEOMAR Helmholtz Centre for Ocean Research, , Germany, 3Istituto
Nazionale di Oceanografia e di Geofisica Sperimentale - OGS, Trieste, Italy

Mesoscale variability and associated eddy fluxes (EF) play crucial roles in the ocean dynamics. In the
Southern Hemisphere, where the Antarctic Circumpolar Current (ACC) acts as a barrier to the direct heat
transport toward the Antarctica, the EF across the ACC is the main mechanism that guarantees the heat
budget and distributes physical and biogeochemical properties between subtropical and polar regions.

The study area is located between the South-West Indian and South Pacific ridges. In this area, the
interaction between the ACC and the topography, produces large values of EKE and eddy heat fluxes and
steers the ACC path.

The aim of this study is to evaluate the efficiency of mesoscale eddies to exchange heat and other
properties across the different ACC fronts and to describe the vertical and horizontal properties of the
eddies. To this end, we used in-situ and satellite data in conjunction with a hindcast simulation from 1958 to
2018 performed with a 1/10° ocean biogeochemistry model.

Eddies are identified and tracked in both the model output and altimetry data while their thermohaline
properties and vertical extension in situ data as well, which include repeated XBT sections (i.e. New Zealand
— Antarctica and Hobart — Antarctica) and Argo float profiles.

Thanks to the joint analysis of model and observational data, we are able to 1) assess the ability of the 1/10°
ocean model of simulating the eddy field properties, and to 2) better interpret the spatial and temporal
variability of the observed eddies
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Antarctic Bottom Water Outflow from the western Ross Sea: preliminary
results from the Ross Sea Outflow Experiment

Melissa Bowen?, Denise Fernandez?, Aitana Forcen-Vazquez®, Arnold Gordon?, Bruce Huber?, Pasquale
Castagno?®, Pierpaolo Falco®

ISchool of Environment, University of Auckland, Auckland, New Zealand, ?NIWA, Wellington, New Zealand, *MetOcean,
Wellington, New Zealand, “Columbia University, NY, USA, *Universita Parthenope, Naples, Italy

Antarctic Bottom Water (AABW) sets the water properties of 40% of the global ocean and 25% of this water
mass originates in the western Ross Sea. Recent and historic hydrographic and moored observations were
used to investigate what controls the changes in water properties and outflow when dense plumes exit the
shelf along the slope near Cape Adare in the Ross Sea. Bottom water exiting the region at Cape Adare is
comprised of approximately 40% Ross Sea High Salinity Shelf Water (HSSW), 30% Circumpolar Deep Water
(CDW) and 30% low-salinity AABW from further east. The seasonal cycle in salinity and temperature at Cape
Adare can be explained by the seasonal cycle in salinity of HSSW in the Drygalski Trough. Dense water
pulses occur twice a year, primarily in April and October, often after minimums in tidal velocities in both the
semi-annual and spring-neap tidal cycles. Investigation continues on how tides and winds can modulate
delivery of HSSW from the shelf to the deep ocean.
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Bottom water properties in the Australian-Antarctic Basin: A perspective
from the Deep-Argo pilot array

Annie Foppert®?, Stephen R. Rintoul*?, Matthew H. England®*
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The production and export of Antarctic Bottom Water (AABW) regulates the global overturning circulation
and ventilates the deep ocean. Roughly 40% of AABW is exported into the Australian Antarctic Basin after
being formed in two distinct source regions near East Antarctica: Adelie Land and Ross Sea. Observations
from the past several decades show both flavours of AABW freshening, with the highest rates of change
near the bottom water sources. A pilot array of Deep-Argo floats capable of profiling to between 4000 and
6000 dbar (depending on float type) was deployed in early 2018 in the Australian Antarctic Basin that helps
put the long-term changes in context with the spatial variability of properties in the basin. As of January
2020, 12 active floats in the region have recorded over 700 profiles, with almost 450 bottom-reaching
profiles and almost 600 profiles reaching the top of the AABW layer (defined as y > 28.3 kg/m3). Calibrated
against quasi-contemporaneous shipboard CTD profiles, this array reveals absolute salinities and
conservative temperatures spanning 0.03 and 0.30C in the AABW layer, respectively, with larger property
ranges in the bottom 100 m of the ocean. While Ross Sea sourced AABW is relatively warmer and more
saline than that sourced from Adelie Land, the differences are compensated in density. This pilot array of
Deep-Argo floats puts the observed changes over the past several decades into a broader spatial context
and reveals pathways of AABW through the Australian Antarctic Basin.
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Anthropogenic temperature and salinity changes in the Southern Ocean

Will Hobbs¥?3, Chris Roach?, Jean-Baptiste Sallee* Tilla Roy®, Nathan Bindoff*3
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The Southern Ocean is an essential part of the climate system, due to its disproportionately-important role
in global heat and carbon uptake. Hence, changes in its physical properties, especially those that affect
water mass transformations (temperature and salinity) have global implications. In this study, we perform a
multi-model attribution of the primary forcings of historically-observed Southern Ocean temperature and
salinity change, from 1966-2005. Consistent with previous research, we find a robustly-detectable
anthropogenic greenhouse gas (GHG) response, characterized most clearly by a warming of Sub-Antarctic
Mode Waters and a freshening of Antarctic Intermediate Waters. The warming pattern is somewhat
mitigated by non-GHG anthropogenic forcings (i.e. anthropogenic aerosols or stratospheric ozone
depletion). We also find evidence of a detectable GHG-forced change in denser watermasses (i.e. deeper
than 2000m and south of 600S), with a warming of Circumpolar Deep Water and warming and freshening of
Antarctic Bottom Water; the latter result must be considered with caution given the poor representation of
Bottom Water in climate models.
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Thermal responses to Antarctic ice shelf melt in an eddy rich global
ocean—sea-ice model

Ruth Moorman?, Adele Morrison?, Andrew Hogg*

IAustralian National University, Canberra, Australia

Water-mass exchange across the Antarctic shelf margin plays a crucial role in abyssal ocean ventilation and
the transport of ocean heat to Antarctic glaciers. Coastal freshening from accelerating Antarctic land-ice
melt may alter dynamics at the shelf margin, with implications for deep ocean heat storage and future ice
shelf melt rates. Due to the scarcity of observations near the Antarctic coast and difficulties associated with
resolving high latitude processes in ocean models, such responses are poorly constrained and confer large
uncertainties to projections of future sea level.

Using a high resolution (0.1°) global ocean—sea-ice model with a realistic representation of near-Antarctic
water mass properties, we investigate the response of near-Antarctic waters to increased meltwater. We
conduct two freshwater perturbation experiments based on projected ice-loss rates under RCP 4.5 and RCP
8.5 emissions scenarios at 2100. Within 10 years of the puerturbation, formation of Dense Shelf Water
ceases. On the shelf, increased ocean stratification in Dense Shelf Water formation regions leads to
subsurface warming, suggesting a positive feedback to ice shelf melt in these regions. In other regions,
coastal freshening strengthens the Antarctic Slope Front, inhibiting the transport of warm Circumpolar Deep
Water onto the shelf. Thus, freshening isolates cool shelf waters from open ocean heat, indicating a
negative feedback to ice melt, and homogenize shelf waters, enhancing remote feedbacks. The net effect
over the continental shelf is cooling, comprised of strong positive and negative regional temperature
responses with complex implications for future melt rates.
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The neodymium isotope fingerprint of Ross Sea Bottom Water
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Unlocking the interplay between ocean circulation and climate change remains a key target in
paleoceanography and palaeoclimate research. The 143Nd/144Nd ratio of seawater, expressed as €Nd, is
commonly used as a tracer for reconstructing the provenance of water masses. Applications so far have
mainly focussed on the North Atlantic. What is less explored is the eNd fingerprint of Antarctic Bottom
Water (AABW), now and in the past.

We here present new dissolved Nd isotope and concentration results from 15 seawater samples collected at
9 stations on the 2018 GO-SHIP cruise SO4-P around the Ross Sea. This area produces ~25% of modern
AABW, and exports two physically different varieties of Ross Sea Bottom Water (RSBW). Results for both
varieties of RSBW display a homogenous Nd isotopic composition of eNd =-7.3@0.2 (2 S.D., n=6) and Nd
concentrations of 24.13 @ 0.03 pmol/kg (2 S.D., n = 6).

This Nd isotope signature of RSBW is distinct from Weddell Sea Bottom Water (eNd = -9.0 + 0.8), Adelie
Land Bottom Water (eNd = -8.9 + 1.0) and local overlying Circumpolar Deep Water (eNd =-8.3 £ 0.7). In
order to explore how RSBW acquires its unique Nd isotopic composition we will compare the influence of
precursor water mass mixing on the shelf, and ‘bottom-up’ sediment-seawater exchange processes as
inferred from detrital Nd isotope signatures. Determining which process exerts the stronger influence on
the Nd isotopic composition of RSBW is critical for interpreting past Nd isotope variations in
paleoceanographic records.
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Hotspot of carbon fluxes along the Polar Front
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The Southern Ocean is an important contributor to the global carbon sink and is of most importance for our
global climate. The capacity of the ocean to store and sequester carbon is set by the ocean circulation which
transfers carbon in and out of the deep ocean. Decadal variability in the southern ocean carbon sink has
been linked with variability in the large-scale upwelling of old carbon- and nutrient-rich deep water, the
Circumpolar Deep Water (CDW).

While we know that outcropping of CDW results in CO2 outgassing, especially near the Antarctic continent,
lots is still to learn about the CDW pathways from the ocean interior to the surface. Here we highlight an
efficient pathway for CDW surfacing. We found that at the crossing of oceanic ridges, hotspots of carbon
outgassing are a signature of CDW outcropping. We use a biogeochemical eddy-resolving ocean simulations
(1/10°) to investigate the physical mechanisms involved in the CDW outcropping and carbon outgassing at
these hotspots. We show that upwelling induced by flow-topography interaction, fronts merging and
baroclinic instabilities control local CDW pathways resulting in hotspots of CO2 outgassing.

Gaining in-depth process understanding can help reducing uncertainties in the net contribution of the
southern ocean to the global carbon sink.
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Frontal variability of the Antarctic Circumpolar Current.
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The Antarctic Circumpolar Current (ACC) plays a major role in regulating the transport of heat between the
lower latitudes and Antarctica. The ACC has multiple substructures and fronts. Over the last decades,
several studies have investigated the variability and shifts of these fronts with variable answers. Here we
use 26 years of Satellite altimetry and 15 years of Argo sampling to monitor the changes in the ACC and
interpret them at the same time as investigating the effect of methods used to monitor these fronts. One
main finding is that the global sea level rise can significantly impact the results. Some studies reported large
southward shifts of the fronts by using reference dynamic topographic levels as proxy to frontal position.
Here we show that this is not as simple and that the large scale sea level rise needs to be taken into
account. We propose a method to account for the large scale sea level rise in frontal position monitoring.
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Separating roles of individual air-sea fluxes in the Southern Ocean
warming under anthropogenic climate change
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The Southern Ocean is one of the key regions absorbing the excess heat stored in the climate system due to
anthropogenic warming. It remains unclear how changes in the heat and freshwater fluxes and the
poleward intensification of the westerly winds play different roles in driving the Southern Ocean warming
patterns and magnitudes. In this study the contributions from individual air-sea fluxes are separated using
global ocean model perturbation experiments, forced by the wind stress, heat flux, and freshwater flux
anomalies under the doubled CO2 concentration provided by the Flux-Anomaly-Forced Model
Intercomparison Project (FAFMIP). Several key findings include: (1) The surface heat flux changes account
for most of the ocean warming by adding heat into the ocean which is in turn redistributed by the
background ocean circulation; (2) the wind-driven heat convergence is the key to enhance the deep-
reaching warming at middle latitudes (centred at ~4529S); (3) The poleward expansion of the subtropical
gyres is primarily attributed to the wind forcing and heat accumulation near the poleward edges of the
subtropical gyres. The wind forcing also drives a clockwise shift of the isopycnals in the Southern Ocean
indicating a spin-up of the meridional overturning circulation (MOC) and the Antarctic Circumpolar Current
(ACC); (4) The surface heat flux changes dominate the spiciness changes along density surfaces including
cooling and freshening within the Subantarctic Mode Water (SAMW) and the Antarctic Intermediate Water
(AAIW), whereas the surface freshwater flux changes contribute to a lesser extent.
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Changing water masses and their mechanisms in a standing meander in
the Antarctic Circumpolar Current
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Most theories of the Southern Ocean and more specifically the Antarctic Circumpolar Current are based on
zonally symmetric models that lack information about the complexity of the frontal structure and the
presence of several significant topographic obstructions that cause the flow to meander.

We surveyed a standing meander in the Subantarctic Front downstream of the Southeast Indian Ridge with
11 cross-frontal transects, comprising 99 CTD profiles to ~1500 dbar, to examine the along stream change of
watermass properties in the upper ocean. We describe the change in properties relative to gravest empirical
mode reference fields of temperature and salinity.

Our results show that most of the temperature changes are on density levels rather than due to the vertical
displacement of density layers. In the intermediate and upper deep waters (yn > 27.2), temperature
anomalies change from cold to warm from trough to crest. Whereas, in the mode waters (26.8 < yn < 27.2)
the temperature anomalies change from warmer into the trough to progressively colder in between trough
and crest and then warmer into the crest again. The discrepancy between the upper and lower water
column suggests different mechanisms at work.

Standing meanders from our results seem to be important pathways in heat transport as most of the
watermass changes occurs on isopycnals. In the upper water column, the watermass changes occur due to
changes in kinematics, whereas in the lower water column watermass changes are due to the turning of the
velocity vector with depth inside standing meanders.
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Heat transport towards Antarctica driven by local dense water export in
canyons

Adele Morrison?, Andy Hogg?, Matthew England?, Paul Spence?
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Poleward transport of warm Circumpolar Deep Water (CDW) has been linked to melting of Antarctic ice
shelves. However, even the steady state spatial distribution and mechanisms of CDW transport remain
poorly understood. Using a global, eddying ocean model, we explore the relationship between CDW
transport across the continental slope and descending Dense Shelf Water (DSW) transport. We find large
spatial variability in onshore CDW heat and volume transport around Antarctica, with significantly enhanced
flow where DSW descends in canyons. The CDW and DSW transports are highly spatially correlated within
~20km and temporally correlated on sub-daily timescales. Focusing on the Ross Sea, we show that the
relationship is driven by pulses of overflowing DSW lowering sea surface height, leading to net onshore
transport of CDW. The majority of simulated onshore CDW transport is concentrated in cold-water regions,
rather than warm-water regions, with potential implications for ice-ocean interactions and global sea-level
rise.
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Indian Scientific Expeditions to Southern Ocean an overview and future
perspectives

Anilkumar Narayana Pillai!
INational Centre For Polar And Ocean Research, VASCO DA GAMA, India

The Southern Ocean is a very remotely accessible region due to its harsh climatic conditions, however it
strongly controls the global climate. National Centre for Polar and Ocean Research has implemented eleven
multi-disciplinary, multi- institutional scientific expeditions in the least investigated Indian sector of
Southern Ocean since 2004 under the aegis of Ministry of Earth Sciences, Govt. of India. Comprehensive
synoptic and time series observations are being made from these expeditions. The main focus is the “Role
and response of Southern Ocean in the global and regional climatic variabilities”. Studies are being
undertaken to understand the air-sea-ice interaction, role of anthropogenic aerosols, water masses,
circulation, biogeochemistry, productivity, carbon sequestration and paleoclimate. The major outcomes
include- zones of sink (52°S) and ventilation (45°S) of CO2; southward meandering of Antarctic Circumpolar
Current; fast rate warming and freshening of bottom water; eddy influenced water masses movements;
dominance of non sea salt aerosols; enhanced productivity in the shallow subtropical region; influence of
melt water on productivity in the coastal and open ocean. Although changes are observed in the air-sea
fluxes, hydrography and biophysical processes the data is not enough to predict the behaviour of the region
in a rapidly changing climate scenario and it’s influence on tropical climate variability. The future research in
these waters will therefore largely focus on acquiring continuous data that involve long-term continuous
observations using remotely operated platforms including moorings, floats, gliders etc.

Key words: Southern Ocean, hydrodynamics, biogeochemistry, water masses, eddies
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The Southern Ocean Observing System: Supporting the Community with
Networks and Tools

Louise Newman?, Sebastiaan Swart?, Andrew Constable®, Mike Williams*, Eileen Hofmann®, Phillippa Bricher®
ISouthern Ocean Observing System, Hobart, Australia, University of Gothenburg, Gothenburg, Sweden, 3Australian
Antarctic Division, Kingston, Australia, *National Institute of Water and Atmospheric Research, Wellington, New Zealand,
°0ld Dominion University, Norfolk, USA, ®Southern Ocean Observing System IMAS-UTAS, Hobart, Australia

The Southern Ocean Observing System (SOQS) is an initiative of SCAR and SCOR and has the mission to
enhance the collection and delivery of Southern Ocean observations to researchers and the broader
community. SOOS was developed to address critical gaps in our observations of the Southern Ocean, which
have led to uncertainties in estimates of the future state of Southern Ocean processes and the subsequent
global consequences.

SOO0S has now been operating for 9 years, and during this time has built community networks, focussed task
groups, and tools to support collaboration and data discovery — towards addressing key observational gaps.
This presentation will provide an overview of the achievements of SOOS over the last 5 years; highlight the
ways that SOOS can support you in your research and data objectives; and outline the key priorities for
SOOS over the next 5 years.
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Surface water fCO, and Sea-Air CO; flux variability across the Weddell gyre
and eastern sector of the Atlantic Southern Ocean, offshore Droning
Maud Land/Hakon VII hav for Fall Season 2019
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Unique austral autumn sea surface water CO, was monitored between 28th of February and 10th of April
2019 from Punta Arenas across the Weddell gyre and the eastern sector of the Atlantic Southern Ocean. The
relative roles of the physical, chemical and biological drivers controlling the surface ocean CO, dynamics in
the Antarctic circumpolar current (ACC) and Weddell gyre were elucidated by a correlation of CO, saturation
(fCO,_sat) to O, saturation. Surface property-property relationship of sea surface temperature (SST), sea
surface salinity (SSS) and chlorophyll a (chl a) with fCO,_sat suggests that the ACC is a weak CO; sink in
autumn with -2.85 (+2) mmol/m?2/d and -1.58 (+3) mmol/m?2/d average CO, uptake across the west and
eastern ACC transect respectively. The uptake observed in the ACC were influenced by hydrographic fronts
in the ACC and photosynthesis. Frontal positions were identified by our hydrographic data and variation in
the sea surface CO, distribution was observed at the frontal positions. A larger CO; flux (-8.85 (+10)
mmol/m?/d) was computed for the Weddell gyre. Although, an intense CO, source was identified south of
60°S due to combined upwelling of CO,-rich waters and organic matter remineralization, the larger uptake
is attributed to cooling and the photosynthesis occurring in the upwelling area of Maud Rise. An austral
autumn mean CO; flux of -2.52 mmol/m?/d determined previously for the entire Weddell gyre compared
with this study indicates the increasing CO; sink capacity of the Weddell gyre in autumn.
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Role of Southern Ocean eddies in cross-frontal transport of physical and
biogeochemical properties
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Mesoscale eddies are rotating bodies of water with diameters between 10 and 100 km that live from weeks
to months. They are known to carry heat, salt and nutrients across Antarctic Circumpolar Current fronts,
thereby playing a key role in the global meridional overturning circulation. Limited direct observations make
it difficult to quantify the actual amount of heat, salt and nutrients carried by discrete eddies. Here, we
present new observations of a cold-core eddy, collected during a voyage in the Subantarctic Zone south of
Tasmania. Our analysis indicated that the amount of heat and salt carried into the Subantarctic Zone by
cold-core eddies is much larger (~ 3 times) than previously reported. We also provide the first estimate of
the nutrient content of the eddy and demonstrate that it carries a surplus of nitrate and a deficit of silicate
relative to Subantarctic Zone waters.

Based on our ship-based observations in conjunction with satellite measurements of sea surface height and
an eddy-tracking software, we propose that about 20% of the heat carried across the Subantarctic Front
south of Tasmania is achieved by long-lived cold-core eddies entering the Subantarctic Zone. The annual
volume of freshwater carried into the Subantarctic Zone is of the same order of magnitude as that delivered
by equatorward Ekman transport. In terms of nutrients and carbon, we hypothesise that long-lived cold-
core eddies can increases subantarctic mode water nutrient contents by up to 27%, which in turn has
implications for global productivity and ocean carbon uptake.
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Flood gates for heat to Antarctica: observations in an Antarctic
Circumpolar Current standing meander

Helen Phillips?

IUniversity of Tasmania, Hobart, Australia

The interaction of the Antarctic Circumpolar Current with steep topography generates standing meanders in
the flow. Such meanders are hot spots for eddy generation and poleward transfer of heat and other
properties. Model studies and theoretical work suggest these meanders also play a significant role in
dissipating the momentum imparted by strengthening westerly winds, preventing an acceleration of the
ACC.

Observations in a standing meander of the Polar Front southeast of Tasmania were gathered to examine the
evolution of watermass and velocity structure along the meander, and cross-stream fluxes, over the full
water column. The suite of observations included full depth hydrographic transects with microstructure and
biogeochemistry, high-resolution towed body measurements to 300 m, surface drifters and EM-APEX
profiling floats. A heavily-instrumented tall mooring recorded an 18-month time series of water property
variations and cross-stream fluxes at the crest of the meander.

The focus of this talk are the EM-APEX data which recorded watermass and velocity changes through a
transition from parallel shear flow upstream of the Polar Front meander, to chaotic pathways through an
intense eddy field within the meander trough. They were eventually ejected from the trough and followed a
smooth pathway eastward and northward along the western side of the Macquarie Ridge to pass through a
narrow gap in the ridge. We describe the along-stream variability and discuss the implications for cross-
frontal exchange.
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Antarctic shelf water changes in CMIP6 models
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Antarctic shelf water plays a crucial role in driving global climate. Shelf water influences Antarctic ice sheet
mass loss by ice shelf basal melt, and the formation of dense water in shelf regions modulates the global
Meridional Overturning Circulation. Observational analyses have identified a shelf water warming in the
Amundsen and Bellingshausen Seas, linked to a shoaling of Circumpolar Deep Water over the continental
slope (Schmidtko et al. 2014). Here, we analyse temperature and salinity from the Coupled Model
Intercomparison Project phase 6 (CMIP6). We assess the historical mean state and recent decadal changes
in Antarctic Continental Shelf Bottom Water, Circumpolar Deep Water and Winter Water, and compare
them to observed changes. We also assess projected changes under the high radiative forcing scenario
(SSP5-8.5). Regions of the strongest simulated trends are compared with observed, and we identify regions
of projected ice shelf melt sensitivity around Antarctica.
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There goes the neighbourhood: how enhanced ice shelf melting is
impacting downstream polynyas in East Antarctica?
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Antarctic Bottom Water (AABW) production, critical to the global overturning circulation, will be negatively
impacted by a freshening of dense shelf waters by enhanced ice shelf melting. Using elephant seal data, we
have investigated the relationship of glacier melt and downstream polynyas in East Antarctica that have
been found to produce dense shelf water: Cape Darnley/Prydz Bay and, most recently, Vincennes Bay. The
dense Cape Darnley source is currently on balance, protected by the recirculation of melting water within
the Prydz Bay Gyre. The Vincennes Bay source is considered the weakest, producing a lower density shelf
water that ultimately only contributes to the upper later of offshore Bottom Water. However this increases
its significance, as a potential example of an AABW source region that could shutdown in response to
ongoing and future change. Providing the first detailed oceanography description of the region, we found
extraordinary intrusions of bottom-intensified modified Circumpolar Deep Water during late summer/early
fall that is bottom-intensified by the influence of fresh meltwater-laden Winter Water from the upstream
Totten Glacier. Local ice-shelf melting is likely to be occurring, as Vincennes Bay is fresher than surrounding
waters. There is a complex interaction of mCDW with dense shelf water formation beneath two polynya
regions, as the heat flux reduces local sea ice growth but the mCDW provides a positive salinity flux. Into the
future, Vincennes Bay will be an important site to monitor the influence of enhanced ice sheet melting on
East AABW.
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Antarctic Bottom Water (AABW) supplies the lower limb of the global overturning circulation, ventilates the
abyssal ocean, and sequesters heat and carbon on multidecadal to millennial timescales. AABW is supplied
by dense water formed on the Antarctic continental shelf by strong winter cooling and brine released during
sea ice formation. Over the past 50 years, the salinity, density and volume of AABW has decreased, with the
most dramatic changes observed in the Ross Sea Bottom Water (RSBW). These changes have been
attributed to increased melting of the Antarctic Ice Sheet. Here we use new observations to document a
recovery in the salinity, density and thickness of RSBW, with properties in 2018-2019 similar to those
observed in the 1990s. The recovery is the result of increased sea ice formation on the continental shelf.
The increase in sea ice formation was triggered by anomalous wind forcing associated with the unusual
combination of positive Southern Annular Mode and extreme El Nifio conditions between 2015 and 2018.
Our study highlights the sensitivity of bottom water formation to remote forcing and shows that episodic
increases in sea ice formation driven by climate anomalies can counter the tendency for increased ice sheet
melt to reduce AABW formation.
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Decadal trend of the carbonate system properties of shelf waters and of
Antarctic Bottom Waters in the Ross Sea (Antarctica)

Paola Rivaro!, Carmela lanni!, Davide Vivado?, Pasquale Castagno?, Yuri Cotroneo?, Pierpaolo Falco?
IDepartment of Chemistry and Industrial Chemistry, University of Genoa, Genova, Italy, 2Department of Sciences and
Technology, Parthenope University of Naples, Napoli, Italy

Ross Sea Bottom Water (RSBW), the second largest source of Antarctic Bottom Water (AABW), is formed by
the mixing of the Dense Shelf Water (DSW) and Circumpolar Deep Water (CDW) along the continental slope.
Changes in the thermohaline properties or in the volume of the sinking dense waters can result in changes
in chemical properties, such as the amount of anthropogenic CO, (Cant) injected in the deep layers. Total
alkalinity (AT) and pH samples collected during 5 Italian Antarctic Research Program (PNRA) expeditions
between 2006 and 2017 were analyzed to evaluate the variability of the carbonate system associated with
different water masses in the Ross Sea. The water masses on the Ross Sea continental shelf were identified
trough their physical and chemical data. The results allow to evaluate the carbonate system variability on a
ten-year scale, which is considered representative for this area, considering the increase of global
atmospheric CO, from 382 to 405 ppm and the interannual variability of the basin. The Cant values obtained
from the application of TrOCA method to the dataset vary over the years between 9 and 61 pumol/Kg on
average, emphasizing that the deep layers of the water column are invaded by anthropogenic carbon. The
highest concentrations are found associated with the presence of High Salinity Shelf Water (HSSW) in the
Terra Nova Bay polynya area, where this water mass is formed during winter. The observed variability
suggests that future climatic changes may significantly affect carbon cycling in this dynamic environment.
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Control of the oceanic heat content of the Dotson Trough, Antarctica, by
the Amundsen Sea Low
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The supply of warm Circumpolar Deep Water (CDW) to the West Antarctic continental shelf is responsible
for the basal melting and thinning of the West Antarctic ice shelves that has occurred in recent decades.
Here, we assess the variability in CDW supply, and its drivers, from a multi-year mooring deployed in, and a
regional ocean model spanning, the Dotson Trough, Amundsen Sea. Between 2010 to 2015, the CDW within
the trough underwent a pronounced cooling and freshening, associated with changes in thermohaline
properties on isopycnals. Variability in the rate of CDW inflow is tightly controlled by local wind forcing of a
shelf-break undercurrent, which determines the hydrographic properties of inflowing CDW via tilting of
density surfaces above the continental slope. Local wind forcing is coupled to the Amundsen Sea Low (ASL)
low-pressure system, which is modulated by large-scale climatic modes via atmospheric teleconnections.
For the period analysed, a deeper ASL was associated with westward wind anomaly at the shelf-break.
Changes in the sea surface slope decelerated the shelf-break undercurrent, resulting in less heat accessing
the continental shelf and, consequently, a cooling of the Dotson Trough. As well as regulating the delivery of
CDW toward the Amundsen Sea, the ASL influences the westward export of meltwater from the region via
changes in the intensity of a coastal current, with possible consequences for the freshening of the Ross Sea.
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A hydrographic gridded data set for the Northern Antarctic Peninsula
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The Northern Antarctic Peninsula (NAP), is characterized as a transitional oceanic regime composed by
warmer and saltier waters originated from the Bellingshausen Sea and colder and relatively fresher shelf
waters from the Weddell Sea. This dichotomy provides an intense oceanographic variability on interannual
time-scales. On longer time-scales, its deep waters, which are fed mainly by Weddell Sea shelf waters, have
shown freshening and lightening trends. Due to its relatively easy access, the NAP can be considered an in
situ laboratory to study changes associated with the Weddell Sea shelf waters. The Brazilian High Latitude
Oceanographic Group (GOAL) has been surveying the region quasi-annually since 2003, measuring high-
resolution hydrographic profiles. Here, we make use of this rich database from 2003 to 2019 to create a
high-resolution gridded product for the NAP. Profiles of temperature, salinity and dissolved oxygen were
linearly interpolated into 114 vertical levels between 5-4500 m. Then, the profiles were optimally
interpolated into a grid of ~10 km resolution in space. The gridded product successfully captures the main
water masses present in the region, the regional fronts (e.g. Peninsula Front and the Bransfield Front) on
the surface and on deeper depths, as well as the intrusion paths of the water from Bellingshausen and
Weddell Seas. As an example of its potential use, we highlight the validation of regional models, and to
provide direct estimates of transport into and out of the NAP and its straits. Once ready, the NAP high-
resolution gridded product will be freely available.
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Bi-stability of the Filchner-Ronne Ice Shelf Cavity Circulation and Basal
Melt Rates

Julia Hazel', Andrew Stewart?®
IUniversity of California, Los Angeles, Los Angeles, United States

Circulation and water mass transformation within the Filchner-Ronne Ice Shelf (FRIS) cavity create
precursors to Antarctic bottom water, which closes the global overturning circulation. This water mass
transformation is contingent upon a relative low rate of FRIS basal melt, currently around 100-200 Gt/yr.
Previous studies have indicated that Antarctic climate changes may induce intrusions of warm modified
Warm Deep Water (mWDW) and an order-of-magnitude increase in basal melt, and signatures of mWDW
have recently been observed along the face of the FRIS. However, it remains unclear how changes in near-
Antarctic climate translate mechanistically to changes in mWDW access to the FRIS cavity.

In this study a regional model is developed to investigate FRIS circulation dependence on local atmospheric
state. Experiments with modified initial cavity conditions but identical atmospheric states yield bi-stable
“warm' and ““cold" FRIS cavity states, with an order-of-magnitude difference in basal melt rates. Idealized
atmospheric perturbation experiments reveal that relatively modest perturbations to the katabatic winds
shift the FRIS cavity between “warm'" and ““cold" states, which occur when the FRIS cavity is filled by
mWDW or High Salinity Shelf Water (HSSW), respectively. The authors present a conceptual model in which
the FRIS cavity state is determined by whether mWDW or HSSW is denser, and thus floods the cavity; these
states are bi-stable because the basal melt rate feeds back on the salinity of HSSW. These findings highlight
a key role for the katabatic winds in mediating the melt of the FRIS and other Antarctic ice shelves.
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Effect of resolution on heat and carbon dynamics in a regional ocean
circulation model for the Argentine Basin

Stan Swierczek?, Matthew Mazloff?, Matthias Morzfeld?, Joellen Russell*
IUniversity Of Arizona, Tucson, United States, ?Scripps Institution of Oceanography, La Jolla, United States

The Argentine Basin is a region of strong currents and turbulent mixing of subpolar and subtropical waters,
with large uncertainties surrounding integrated quantities such as air-sea exchanges of heat and carbon. We
construct a regional ocean model with biogeochemistry at 1/3, 1/6, and 1/12 degree resolutions for the
year 2017 and use initial conditions and boundary forcing from BSOSE (the Biogeochemical Southern Ocean
State Estimate) and atmospheric forcing from ERA5. Model output is compared against Argo and SOCCOM
float profiles, sea surface height maps, and other observation-based products. We quantify the effect of
resolution both on misfit to these products, on model upper ocean heat and carbon content and the
associated air-sea exchanges, and vertical transport in the upper ocean.
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Lagrangian pathways and residence time of warm Circumpolar Deep
Water on the Antarctic continental shelf

Veronica Tamsitt?, Matthew England?, Steve Rintoul*?
IUniversity Of New South Wales, Hobart, Australia, ?Centre for Southern Hemisphere Oceans Research, Hobart, Australia,
3CSIRO Oceans and Atmosphere, Hobart, Australia

The inflow of relatively warm modified Circumpolar Deep Water (CDW) onto the Antarctic Continental Shelf
and into ice shelf cavities is a key driver of Antarctic ice shelf mass loss. While there have been recent
advances in understanding the processes that control the rate of CDW transport onto the continental shelf
in different regions around Antarctic, there is a gap in understanding the fate and residence time of the
CDW on the shelf. Here we use Lagrangian particle tracking experiments in a high resolution circum-
Antarctic ocean-ice model to map both the pathways and residence times of CDW on the Antarctic
continental shelf. We investigate how residence times and transformation of CDW vary by region along the
continental shelf. Results show complex spatial heterogeneity in residence times of CDW in the shelf, with
generally shorter residence times in regions of rapid water mass transformation on the shelf and much
longer residence times elsewhere. These results emphasize that it is the residual of the heat transport of
CDW onto the shelf and the transformation into denser waters on the shelf, rather than the heat transport
of CDW onto the shelf alone, that is relevant for the reservoir of warm waters on the shelf available to for
ice shelf melt.
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Combined glider and float observations of Southern Ocean ventilation at
submesoscales

Andrew Thompson?, Lilian Dove?, Giuliana Viglione®
ICalifornia Institute Of Technology, Pasadena, United States

Characterized by weak stratification, energetic frontal currents, and strong surface forcing, the Southern
Ocean is susceptible to submesoscale instabilities that influence vertical tracer transport, air-sea exchange,
and mixed layer depths. Here we present observations from two separate ocean glider deployments
focused on transitions in ventilation and water mass transformation across the Polar Front.

In the ChinStrAP2 project, two ocean gliders were piloted across the Polar Front (PF) in Drake Passage.
Despite strong surface wind and buoyancy forcing, a meltwater lens south of the PF suppresses small-scale
variability and subduction in the upper ocean. Surface-interior exchange is instead localized to the PF. The
intensity of upper ocean ventilation and lateral mixing at the PF increases in response to a deepening of the
surface mixed layer and a weakening of the front during mid-winter, which enables along-isopycnal
subduction of surface waters into the interior. During the SOGOS project, two ocean gliders were deployed
alongside a SOCCOM semi-Lagrangian biogeochemical float near the PF in a large standing meander in the
Indian sector of the Southern Ocean. Comparisons of physical properties and tracer variance between the
high-strain/EKE region and the low-strain/EKE downstream region underscore the importance of vigorous
eddies in the production of deep-reaching lateral buoyancy gradients which can lead to vertical transport
via cross-frontal secondary ageostrophic circulation. Optical backscatter measurements suggest links
between particular export and small-scale circulation features. We conclude that submesoscale have a
strong impact on exchange between the surface boundary layer and the interior in the Southern Ocean.
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21st century projected sea surface temperature in the Southern Ocean
and the potential impacts on microbial diversity

Marcos Tonelli, Camila Signori', Bruno Ferrero?, Amanda Bendia?, Juliana Neiva?, Vivian Pellizari?, llana

Wainer!
IUniversity of Sao Paulo, Sao Paulo, Brazil

Anthropogenic global warming can have devastating impacts on marine ecosystems, especially on climate-
sensitive regions such as the Southern Ocean (SO). It is, therefore, critical to understanding how Sea Surface
Temperature (SST) may change in the future since it is one of the most pressing aspects of climate change
with blunt consequences for Antarctic pelagic microbiomes. As key drivers of biogeochemical cycles,
estimating microbial diversity and community structure across temperature will allow us to predict
ecosystem functioning and help delineate potential interactions and niche characteristics. By using a suite of
numerical tools derived from physical oceanography, machine learning, and microbial ecology, we
investigate the long-term changes in the SO’s SST throughout the 21st century, as projected by CMIP6 Earth
System Models simulations, as well as the microbial diversity and interactions responding to temperature in
the northwestern Antarctic Peninsula, which is rapidly warming. Four Shared Socioeconomic Pathways
(SSPs) ranging from the mitigation and adaptation to the high emissions scenarios (i.e., SSP126, SSP245,
SSP370, and SSP585) are considered to assess the SO’s surface sensitivity to a warming climate. We discuss
the potential impacts of these projections on Antarctica’s marine diversity of bacteria and archaea, which
are expected to be significant and persistent by the late 21st century, especially within the higher end of the
range of future forcing pathways.
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A Three-Dimensional Analysis of the Southern Ocean Residual Circulation

Madeleine Youngs?, Glenn Flierl*
IMassachusetts Institute of Technology, Cambridge, United States

The Southern Ocean has a major role in the global air-sea carbon fluxes, with some estimates suggesting it
takes up 40% of anthropogenic carbon dioxide. Understanding the Southern Ocean residual overturning is
particularly important because it fluxes tracers between the depth and the surface. The Southern Ocean is
faced with a changing climate and changing winds, but there is little theory to describe how the residual
overturning in a Southern Ocean-like channel will respond to changes in wind when there is a blocking
ridge, or how the existence of the ridge changes the circulation. This study uses a re-entrant MITgcm
channel to examine how residual overturning, generated by appropriate relaxation boundary conditions,
varies with the wind. An analysis of the three-dimensional residual circulation highlights the localized
nature of this transport and the non-linear response of the circulation to changes in wind. The localization
of the vertical flow shows the necessity of highly focused observations in the Southern Ocean to understand
the transport.
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Australian-Antarctic rift-drift transition and development of the Antarctic
Circumpolar Current — new IODP drilling in the Australian-Antarctic
abyssal plain

Peter K. Bijl*, Isabel Sauermilch?, Anders McCarthy?, Carlota Escutia®, Joanne Whittaker?, Howie Scher®, Nicky
Wright®, Alan Aitken’, Michael Nirrengarten®, Morgane Gillard®, Katharina Hochmuth?®®, Jacqueline Halpin?,
Stephen Phipps?, Francesca Sangiorgi®

IUtrecht University, Utrecht, Netherlands, 2IMAS, University of Tasmania, Hobart, Australia, 3University of Bristol, Bristol,
United Kingdom, #Instituto Andaluz de Ciencias de la Tierra, Granada, Spain, >University of South Carolina, Columbia,
United States, ®Australian National University, Canberra, Australia, ’University of Western Australia, Perth, Australia,
8I'Université de Strasbourg, Strasbourg, France, *Université de Cergy-Pointoise, Cergy, France, ‘°Leicester University,
Leicester, United Kingdom

Despite many efforts, fundamental questions remain about the timing of onset, steps in development and
attainment of present-day vigour of the Antarctic Circumpolar Current (ACC). Tectonic Australian-Antarctic
(AA) separation played a critical role in this development, but the true nature of this tectonic opening
remains elusive: timing of and mechanisms during the rift-drift transition, as well as post-rift subsidence
history, are poorly constrained by the available sedimentary archives. The development of the ACC during
subsequent seafloor spreading is poorly documented. We here present a pre-proposal for IODP to drill and
collect the unique rock archive recording the onset and nature of ocean crust formation, and sedimentary
archives across the core of the flow path of the ACC, where it is unobstructed by geographical boundaries.
Through this, our drilling proposal innovatively connects structural geologic/geophysical objectives with
paleoclimate/paleoceanographic objectives. We also present expedition plans to survey the AA abyssal plain
sedimentation processes under influence of both ACC and Antarctic bottom water flow. In our drilling plans,
one site from the Australian continental rise/abyssal plain transition will recover peridotite ridge/basement
rocks and portray the overlying sedimentary conditions reflecting post-rift subsidence. A site on the
Antarctic continental rise will reveal the subsidence history conjugate to the Australian margin. Two sites on
the AA abyssal plain will represent the Cenozoic evolution of the ACC flow. All four sites combined will
complete the latitudinal transect of sediments necessary to reconstruct the evolution of latitudinal sea
surface temperature gradients, a keystone feature of the present-day vigorous ACC.
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Oceanographic and temperature consequences of tectonic opening of the
Tasmanian Gateway

Peter Bijl, Frida Snilstveit Hoem?, Suning Hou?, Julian Hartman?, Joost Frieling®, Margot Cramwinckel?, Appy
Sluijs?, Francesca Sangiorgil, Frncien Peterse!
1Utrecht University, Utrecht, Netherlands

Over the course of the Cenozoic (66-0 Ma), tectonic rift between Australia and Antarctica opened and
progressively widened the Tasmanian Gateway. The regional oceanographic consequences and therefore
the role of Tasmanian Gateway changes in the onset of Eocene cooling, Antarctic glaciation and
proliferation of sea ice, and the development of a modern-day-like Southern Ocean oceanography are
poorly resolved. Through various research projects over the past years, we have generated quantitative
temperature reconstructions (sea surface and land temperature, based on fossil lipid biomarkers), from
biomarker data, combined with dinoflagellate cyst assemblages, to reconstruct the paleoceanographic
conditions around the Tasmanian Gateway. We generated data from ODP Site 1172 in the Southwest Pacific
Ocean (Maastrichtian- Oligocene), ODP Site 1170 (South Tasman Rise; Middle and Late Eocene), ODP Site
1168 (west Tasman margin; late Eocene-recent), The Otway Basin (southern Australia; late Paleocene - early
Eocene), DSDP Site 274 (offshore Cape Adare; Oligocene-early Miocene) and IODP Site U1356 (Wilkes Land
Margin; Eocene-Miocene). We recognize the surprisingly similar temperature conditions on either side of
the Tasmanian Gateway prior to opening (ca. 50 Ma), during the Paleocene and Eocene, a progressive
cooling on both sides as the gateway first opens during the early Eocene and still warm ice-proximal
conditions during the Oligocene and Miocene. A progressive development of the SST gradients and modern-
like frontal systems is found from the late Miocene onwards. Collectively, our records provide a
comprehensive overview of the oceanographic and climatological consequences of the opening of the
Tasmanian Gateway.
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Comparison of high-latitude interannual variability of the Northern and
Southern Hemispheres during the last glacial-interglacial transition.

Chloe A. Brashear?, Tyler R. Jones?, Valerie Morris', Bo M. Vinther?, Bruce H. Vaughn?, Abby G. Hughes?, Sune
Olander Rasmussen?, Wyatt Hansen?, James W.C. White!

nstitute of Arctic and Alpine Research, University of Colorado, Boulder, United States, ?Centre for Ice and Climate,
University of Copenhagen, Copenhagen, Denmark, 3Division of Biology, Kansas State University, Manhattan, United
States

A preliminary high-resolution water isotope record has recently been recovered from the East Greenland Ice
Core Project (EGRIP). This record is currently dated to 15 ka but additional work will allow a depth age scale
through about DO event 12 (50+ ka). There also exists a 5 cm resolution NGRIP (North Greenland Ice Core
Project) water isotope record for high resolution comparison. Using these records, we will determine how
interannual and decadal variability changed across the last glacial-interglacial transition. Previous research
from the WAIS (West Antarctic Ice Sheet) ice core revealed a 50% reduction in the amplitude of interannual
variability after 16 ka, due to climate dynamics of the tropical Pacific and ultimately the topography of the
Laurentide ice sheet. This finding was remarkable in that the large northern ice sheets greatly affected
southern hemisphere climate. Did a similar shift in high frequency climate variability also occur in
Greenland, which was much closer to the Laurentide ice sheet? We'll explore this possibility using the EGRIP
and NGRIP records, and make comparisons with a new record from South Pole (east Antarctica) and the
existing WAIS record. We hypothesize that a different signal will be present at these Greenlandic sites
because north Atlantic climate variability is driven by substantially different climate dynamics than those in
the Pacific. Ultimately, we will test our results using global circulation models and present the most up to
date results at this conference.
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Inter-annual variability of Antarctic Sea Ice Extent and Indian Summer
Monsoon Rainfall

Sheeba Nettukandy Chenoli?, Siti Syairah Atigah Azhar Azhar?, Azizan Abu Samah Abu Samah®?, Seong-Joong
Kim Kim?3

IDepartment of Geography, University Malaya, , Malaysia, ?National Antarctic Research Center,University Malaya, ,
Malaysia, 3 Korea Polar Research Institu