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Polar ocean water-mass change over the past 50 years — and
projections for the future

Matthew H. England

Centre for Marine Science and Innovation (CMSI), and ARC Australian Centre for Excellence in
Antarctic Science, University of New South Wales, Sydney, NSW, Australia
* Presenter’s email: M.England@unsw.edu.au

By absorbing vast quantities of heat and carbon, the polar oceans play a critical role in

moderating climate change. But these climate benefits do not come without cost; as the polar

oceans warm, they disrupt ecosystems and melt the polar ice caps, raising sea-level globally

and reshaping our coastlines. In this talk I will outline the ways in which the Southern Ocean

is currently absorbing vast quantities of heat. I will also show how melting ice around

Antarctica is slowing the ocean’s abyssal overturning circulation, and what this means for

global climate and sea-level rise. The talk will also analyze recent high-resolution model

projections of a slowdown in the Atlantic Meridional Overturning Circulation (AMOC), how

to monitor an AMOC slowdown using regional hydrographic observations, and what a

slowdown potentially means for Pacific climate variability and change.
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Antarctic shelf ocean warming and sea ice melt affected by
projected El Niño changes

Wenju Cai1, Agus Santoso1,2,3*

1 Frontiers Science Center for Deep Ocean Multispheres and Earth System, Ministry of Education,
Ocean University of China, 266100 Qingdao, PR China
2 International CLIVAR Project Office, Ocean University of China, 266100 Qingdao, PR China
3 Climate Change Research Centre, University of New South Wales, Sydney, Australia
*Presenter‘s email: agus.santoso@clivar.org

Antarctica is a major component of the climate system, with extensive cover of sea ice and

ice sheets that maintain Earth’s radiative balance, global thermohaline circulation, and the

ocean’s freshwater and volume budgets. In a planet that continues to warm, it is crucial to

understand how Antarctica, its cryosphere, and the vast Southern Ocean surrounding it, will

change in the future. While a lot is known about how this complex system will be affected

by greenhouse warming in the climatological sense, a less known or underappreciated aspect

is how some of the changes can be related to projected change in climate variability. The El

Niño Southern Oscillation (ENSO) is the most dominant mode of year-to-year climate

variability on the planet. Climate models that participated in the sixth phase of Coupled

Model Intercomparison Project (CMIP6) have shown an inter-model consensus on the

projected increase in ENSO variability over the 21st Century. Our analysis further showed

that this projection has an impact on Antarctica. Specifically, the projected increase in ENSO

variability is found to slow Southern Ocean warming and heat uptake but accelerate Antarctic

shelf ocean warming. Models with greater increase in ENSO variability tend to simulate

ENSO-induced high-latitude easterly wind anomalies which reduce circumpolar upwelling

that plays an important role in the uptake of atmospheric heat. The reduced upwelling means

that less warm shelf ocean water is transported to the surface, thus hastening ice shelf melting

but slowing sea ice reduction. This has implications for global warming and the risk of future

sea level rise.
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Ecology of benthic ciliates in the Arctic seas: spatial patterns
and long-term dynamics

Yuri Mazei1,2*, Xiaolei Li1,2

1 Shenzhen MSU-BIT University, International University Park Road, 1, Shenzhen 518172, PR China
2 Lomonosov Moscow State University, Leninskiye gory, 1, Moscow, 119234, Russian Federation
* Presenter’s email:yurimazei@mail.ru

Arctic coastal ecosystems play a major role in global environmental system and have been

altered significantly by climate changes. To better understanding the response of marine

coastal ecosystems towards rapid Arctic climate changes, we reviewed the available

information about the spatial patterns and community structure as well as seasonal and

long-term dynamics of interstitial ciliate assemblages in the intertidal and bathyal zones of the

White Sea, Barents Sea and Kara Sea. We review major environmental factors that affect

community structure and compositions, sediment properties, depth, beach type, salinity.

Co-occurrence networks analysis indicated considerably high ration of positive correlations

within the model ciliate assemblage in the White Sea in 2009–2019 that indicated low

competition between interstitial ciliate species. Furthermore, we found that contribution of

stochastic processes to the ciliate community assembly was insignificant. Compare with

earlier data from the same ecosystem obtained in 1980s–1990s, the role of competitive factors

is decreasing, and communities are becoming more spatially and temporally homogeneous.

This community simplification is likely due to the response of the entire intertidal ecosystem

to global climate change in Arctic.
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Mid-latitude cold extremes during the recent period of
Arctic amplification

Judah Cohen1,2*

1 Atmospheric and Environmental Research, Inc., Lexington, Massachusetts 02421, USA
2 Department of Civil and Environmental Engineering, Massachusetts Institute of Technology,
Cambridge, MA, 02139, USA
*Presenter’s email: jcohen@aer.com

Though cold extremes are expected to warm comparable to Arctic warming, cold extremes

across the United States (US) east of the Rockies, Northeast Asia and Europe have remained

nearly constant over recent decades, in clear contrast to a robust Arctic warming trend.

Analysis of trends in the frequency and magnitude of cold extremes is mixed across the US

and Asia but with a clearer decreasing trend in occurrence across Europe, especially Southern

Europe. This divergence between robust Arctic warming and no detectable trends in

mid-latitude cold extremes highlights the need for a better understanding of the physical links

between Arctic amplification and mid-latitude cold extremes.

Therefore, in an effort to understand the relationship between Arctic temperatures and

mid-latitude weather, we have extended a recently developed index of accumulated winter

season severity index (AWSSI), originally based on temperature and snowfall observations

from weather stations in the US only, to the entire Northern Hemisphere using reanalysis

output. The expanded index (rAWSSI) is analyzed to reveal relationships between Arctic air

temperatures/geopotential heights and the probability of severe winter weather across the

midlatitudes. We find a direct and linear relationship between anomalously high Arctic

temperatures/geopotential heights and increased severe winter weather, especially in northern

and eastern continental regions. Positive temperature trends in specific Arctic regions are

associated with increasing trends in severe winter weather in particular midlatitude areas.
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Role of ocean heat transport in Arctic ocean and sea-ice change
Young-Oh Kwon1, Dylan Oldenburg1, Claude Frankignoul1,2, Gokhan Danabasoglu3,

Stephen Yeager3, and Who M. Kim3

1 Woods Hole Oceanographic Institution
2 Sorbonne University, LOCEAN/IPSL
3 National Science Foundation National Center for Atmospheric Research
* Presenter’s email: ykwon@whoi.edu

Arctic Ocean warming and sea ice loss are closely linked to changes in the ocean heat

transport (OHT) and the surface heat fluxes. To quantitatively assess their respective roles, we

use the 100-member Community Earth System Model version 2 (CESM2) Large Ensemble

over the 1920–2100 period. We first examine the Arctic Ocean warming based on a heat

budget framework by quantifying the relative contributions from heat exchanges with

atmosphere and sea ice versus OHT across the Arctic Ocean gateways. Furthermore, we

quantify how much anomalous heat from the ocean directly translates to sea ice loss and how

much is lost to the atmosphere. We find that Arctic Ocean warming is driven primarily by

increased OHT through the Barents Sea Opening, with additional contributions from the Fram

Strait and Bering Strait OHTs. These OHT changes are driven mainly by warmer inflowing

water rather than changes in volume transports across the gateways, while there also are

significant changes in the structure of volume transport at the Fram Strait an Barent Sea

Opening. The Arctic Ocean warming driven by OHT is then partially damped by increased

heat loss through the sea surface. The increased heat loss to atmosphere is concentrated in the

cold season, thus enhances the seasonal cycle of the ocean-atmosphere heat exchanges. We

also explicitly calculate the contributions of ocean–ice and atmosphere–ice heat fluxes to sea

ice heat budget changes. Throughout the entire 20th century as well as the early 21st century,

the atmosphere is the main contributor to heat gain by the sea ice in summer, though the

ocean’s role is not negligible. Over time, the ocean progressively becomes the main source of

heating for the sea ice as the ocean warms.
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From enhanced Arctic amplification to Tropical Eastern Pacific
and Southern Ocean cooling since 1980:

The role of internal variability
Qiang Fu

Department of Atmospheric and Climate Science University of Washington, Seattle, Washington, USA
*Presenter’s email: qfu@uw.edu

The Arctic has been warming at four times the global average since 1980, a phenomenon

known as Arctic Amplification (AA). While climate models robustly simulate the AA, they

often fail to reproduce the level of observed AA. Concurrently, the observed cooling in the

Tropical Eastern Pacific and Southern Ocean since 1980 is not shown in the simulated forced

trend and is rarely captured in model ensembles. Whether these discrepancies between model

simulations and observations are largely due to internal variability or model biases has been a

debate within the climate community. To address this, it is essential to accurately assess the

role of internal variability in observed temperature changes.

In this talk, we present a machine learning method we develop to effectively separate

Internally generated temperature trends in observations over the Arctic and globe. Our

findings show that internal variability has enhanced Arctic warming but damped global

warming since 1980. By removing the effect of internal variability, the observed AA

decreases from 4.2 to 3.0, aligning with the model-simulated forced AA. Furthermore, we

show that internal variability manifested as Global Cooling and Arctic Warming (i‐GCAW)

is rare in CMIP6 large ensembles, but simulations that do produce i‐GCAW exhibit a unique

and robust internally driven global surface air temperature (SAT) trend pattern. This unique

SAT trend pattern features enhanced warming in the Barents and Kara Sea and cooling in the

Tropical Eastern Pacific and Southern Ocean. Given that these features are imprinted in the

observed record over recent decades, our study suggests that internal variability makes a

crucial contribution to the discrepancy between observations and model ‐ simulated forced

SAT trend patterns.
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Definition of sea ice concentration using satellite microwave
radiometry and peculiarities of its application in scientific and

practical tasks
Alekseeva T.A1,2*, Tikhonov V.V.1,2, Afanasyeva E.V., Sokolova Yu. V.

1Arctic and Antarctic Research Institute, Saint Petersburg, Russia
2Space Research Institute of the Russian Academy of Sciences, Moscow, Russia
3 Institute for Water and Environmental Problems of the Siberian Branch of the Russian Academy of
Science, Barnaul, Russia
* Presenter’s email: taa@aari.ru

Satellite microwave radiometry (SMR) data is all-weather, the most durable, independent

of the time of day and covers the entire Arctic Ocean, and, accordingly, is widely used in

scientific and practical tasks around the world. Undoubtedly, these data have great value and

prospects for studying sea ice: for calculating the area of ice, determining the ice

concentration, ice age, melt ponds, thickness of ice and probably, in the future, a number of

other ice parameters. To determine all the parameters listed above, various algorithms are

used, each of which has certain advantages and disadvantages. At the moment, it is

impossible to state unequivocally that any algorithm determines a given parameter of sea ice

better than others. The most popular algorithms are those that create a multi-year database and

open public access. To carry out a large-scale assessment of the accuracy of all existing

algorithms for calculating ice parameters, it is necessary to compare them with natural data,

which is difficult to obtain in freezing seas.

The long-term joint work of several Russian institutes is carried out to determine the

accuracy of various algorithms, analyze the causes of errors by comparing SMR data with

special ship data, satellite images in the visible and infrared ranges of various resolutions,

radar images and ice maps. In the period of intense ice melt, the algorithms retrieving sea ice

concentration from SMR data may fail to detect vast regions of floating ice. Late stage melt is

characterized by abundance of melt ponds on ice resulting in considerable underestimation of

sea ice concentration. Also, during melt, ice concentration decreases and ice breccias

disintegrate, therefore the size of ice floes decreases. In winter, at river mouths in the shelf

seas, ice is formed with a heavy load of terrigenous sediments carried by the rivers. Dirty ice

surface becomes visible in summer when snow cover melts off. SMR techniques fail to

adequately determine dirty ice concentration. We present the impact of ice melt,

concentration, floe size and dirtiness on the determination of sea ice extent in the Arctic using

the SMR data and how it influences on usage of SMR data for ice navigation.
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Advances in Arctic sea ice microstructure and implications
to thermodynamics

Lu Peng*, Yu Miao, Li Xuewei, Wang Qingkai, Li Zhijun

State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian
116024, China
* Presenter’s email: lupeng@dlut.edu.cn

Under the background of global warming, observations on Arctic sea ice have long been

focused on large-scale changes such as shrinking of ice coverage, thickness, volumes and sea

ice regime shift. Physical mechanisms resulting in such changes have primarily attributed to

the impact of large-scale external factors such as atmospheric and oceanic circulations, and

solar radiation. In fact, Arctic sea ice also undergoes rapid micro-scale evolution such as gas

bubbles formation and brine pockets migration and massive formation of surface scattering

layer. Field studies like CHINARE2008–2018 and MOSAiC2019–2020 have confirmed these

observations, yet the fully understanding of those changes in sea ice microstructure remain

insufficient and superficial. In order to cope better with the rapidly changing Arctic Ocean,

this study reviews the recent advances in the microstructure of Arctic sea ice in both field

observations and laboratory experiments. The significant porosity and the annual and seasonal

variations likely modify the thermal, optical, and mechanical characteristics of sea ice, further

altering its energy budget and mass balance. Current sea ice thermodynamic models fail to

accurately capture these microstructural changes in sea ice, leading to uncertainties in the

results. The discrepancy between model predictions and actual observations strongly

motivates the parameterization on the evolution in ice microstructure and development of

next-generation sea ice models, accounting for changes in ice crystals, brine pockets, and gas

bubbles under the warming Arctic. It helps to finally achieve a thorough comprehension of

Arctic sea ice changes, encompassing both macro and micro perspectives, as well as external

and internal factors.
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Improved Arctic summer sea ice velocity based on
FY-3D/MWRI brightness temperatures

Qian Shi1*, Fei Shi2, Rui Xu1, Matti Leppäranta3, Xiaochun Zhai4, Jiping Liu1, Qinghua Yang1

1School of Atmospheric Sciences, Sun Yat-sen University, and Southern Marine Science and
Engineering Guangdong Laboratory (Zhuhai), Zhuhai, 519082, China

2 Operational Oceanography Institution, School of Marine Technology and Environment, Dalian Ocean
University, 116023, Dalian, China.

3 Institute for Atmospheric and Earth System Research, University of Helsinki, 00014 Helsinki,
Finland

4 National Satellite Meteorological Center of China, Beijing, 100081, China
*Presenter’s email: shiq9@mail.sysu.edu.cn

Arctic sea ice velocity (SIV) in summer plays key role in navigation safety and climate

study. The quality of current Arctic SIV products in summer derived from remote sensing

imagery are lower than those in winter. Our work retrieves SIV-summer based on polarization

difference (PD) of brightness temperature (TB) at 36 GHz channel derived from recalibrated

FY-3D/MWRI. Compared to using swath TB, using swath PD can better suppress

atmospheric wetness (cloud liquid water and water vapor) noise. Moreover, different from the

arbitrary template selection scheme used in current algorithms, we proposed an optimized

template selection scheme considering the frequent deformation processes of sea ice in

summer based on the texture of imagery. The SIV obtained using templates with irregular

distribution present lower uncertainty and higher computational efficiency than that using

templates with irregular distribution. Based on the improved algorithm, this study either

obtained swath irregular SIV fields with nominal spatial resolution of 30 km or daily gridded

SIV fields with 50 km spatial resolution in summer 2019 using 36 GHz PDs. It should be

noted that the new algorithm is also applicable to AMSR2 imagery and has reference value

for SIV retrieval research based on similar passive microwave imagery.
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Unraveling the impact of ocean eddies on Arctic sea ice decline
in the warming climate
Yingjie Liu1, Ruijian Gou2,3**

1Department of Atmospheric and Oceanic Sciences and CMA-FDU Joint Laboratory of Marine
Meteorology, Fudan University, Shanghai, China

2Frontiers Science Center for Deep Ocean Multispheres and Earth System and Key Laboratory of
Physical Oceanography, Ocean University of China, Qingdao, China

3Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research, Bremerhaven, Germany
*Presenter’s email: Yingjie_liu@fudan.edu.cn

The Arctic sea ice extent continues to decline at an unprecedented rate, a trend often

underestimated by current climate projection models. This discrepancy suggests potential

biases in the representation of processes that transport heat to the sea ice. In this study, we

employ an eddy-resolving climate model, covering the period from 1920 to 2100, to

investigate the role of oceanic eddies in the ongoing reduction of Arctic sea ice. Our findings

demonstrate that eddies play a crucial role in diminishing sea ice extent by enhancing the

vertical heat transport from deeper ocean layers to the surface, particularly within marginal

ice zones. The sea ice heat budget analysis, which accounts for the interactions between

ocean-ice heat fluxes, sea ice cover, and atmospheric forcing, reveals that eddy-induced

processes significantly contribute to the thinning and retreat of sea ice, with the most

pronounced effects observed during the latter half of the 21st century. These results

emphasize the critical need to incorporate eddy dynamics in future projections of Arctic sea

ice and highlight the importance of high-resolution models for accurately capturing the

complex interactions between oceanic eddies and the sea ice in a warming climate.
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Sea ice dynamics in the Barents and Kara Seas: influence of
model parametrizations and data sources

Egorova E.1, Akhtyamova A.1,2, Frolova A.1, Novikov M.1,3, Khudyakova S.1,4, Sukhikh N.1

1Lomonosov Moscow State University Marine Research Center, Department of Hydrometeorological
modelling, 119607 Moscow, Russia

2Moscow Institute of Physics and Technology, Department of Thermohydromechanics of the Ocean,
141701 Dolgoprudny, Russia

3Shirshov Institute of Oceanology of Russian Academy of Sciences, Laboratory of Land-Ocean
Interactions and the Anthropogenic Impact, 117997 Moscow, Russia

4 Saint Petersburg State University, Department of Oceanology, 199034 Saint Petersburg, Russia
* Presenter’s email: avellinnaa@gmail.com

Currently, there is an increasing interest in the Arctic region, particularly in its ice

conditions and their prediction and modeling. The aim of the study was to reproduce the ice

conditions (sea ice concentration and thickness) of the Barents and Kara Seas using different

parametrizations. To achieve this goal, the high-resolution hydrodynamic model NEMO 4.2.2

(Nucleus for European Modelling of the Ocean) was utilized in the Stand-Alone-Surface

configuration, integrating the ocean-atmosphere interaction, and incorporating the sea ice

model SI3 (Sea Ice Modelling Integrated Initiative).

The study conducted a series of experiments in the western sector of the Russian Arctic

(the Barents and Kara seas) during the 2022-2023 ice season, with a focus on the average sea

ice extent relative to its climatological values. The season was subdivided into eight periods

representing different stages of ice formation and melting. The initial and boundary

conditions were derived from GLORYS12v1 data, and several experiments were performed,

revealing noteworthy findings.

Experiments involving ice ridging/rafting demonstrated the need to adjust the compressive

strength parameter relative to the reference value, affecting ice concentration and thickness,

with variations depending on the period. An interesting trend emerged when altering the

ocean-ice drag coefficient: an increase led to better alignment between model and observed

sea ice concentration, whereas a decrease improved alignment with ice thickness. Model

results for the melting period showed underestimated sea ice concentration, thickness, and

spatial distribution. Modifications with the melt ponds parameterization did not enhance the

model performance. Adjustments to ice thickness categorization and inclusion of landfast

parameterization resulted in insignificant deviations from the reference experiment.

Additionally, a comparative analysis using TOPAZ5 and GLORYS12v1 data revealed better

agreement with actual observations using the GLORYS12v1 dataset.

This comprehensive investigation provides valuable insights into the dynamic processes of

sea ice in the Arctic, shedding light on the complex interplay of various parameters in ice

modeling.
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Understanding Antarctic sea ice predictability through lenses of
AI modeling
Xiaojun Yuan

Lamont-Doherty Earth Observatory of Columbia University, 61 Rt. 9W, Palisades, NY 10964, USA
*Presenter’s email: xyuan@ldeo.columbia.edu

Dynamic and statistical models have evaluated Antarctic sea ice concentration (SIC)

seasonal predictability. However, SIC subseasonal (1-8 weeks) predictability remains

unknown due to imperfect representations of sea ice physical processes in dynamic models. In

this study, we developed a deep learning model named SIPNet that can predict SIC variability

without the need to account for complex physical processes. Compared to mainstream

dynamical models like ECMWF, NCEP, and GFDL-SPEAR, as well as a relatively advanced

statistical model, namely the linear Markov model, SIPNet outperforms them all, providing

the first assessment of subseasonal SIC predictability in the region. SIPNet results indicate

that autumn SIC variability contributes the most to sea ice predictability, whereas spring

contributes the least. In addition, the Weddell Sea displays the highest sea ice predictability,

while predictability is low in the West Pacific. Furthermore, the deep-learning model reveals

that sea ice nonlinear processes become predominant sources for predictability at 6-week and

longer lead times. In contrast, linear processes have dominant predictability at 3-week and

shorter lead times. Finally, SIPNet can predict ENSO- and SAM-associated anomalies in the

sea ice field.
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Impact of Antarctic ice sheet meltwater pulse on Atlantic
meridional overturning circulation

Soon-Il An1,2*, Jun-Young Moon2, Henk A. Dijkstra3, Young-Min Yang4, Hajoon Song2

1 Irreversible Climate Change Research Center, Yonsei University, Seodaemun-gu, Seoul, 03722,
Republic of Korea

2Department of Atmospheric Sciences, Yonsei University, Seodaemun-gu, Seoul, 03722, Republic of
Korea

3Department of Physics, Utrecht University, Utrecht, The Netherlands
4Department of Environmental Engineering, Jeonbuk National University, Jeonju, Republic of Korea
* Presenter’s email: sian@yonsei.ac.kr

Due to hemispheric connections, Antarctic ice sheet melting in a warmer climate could

alter the Atlantic Meridional Overturning Circulation (AMOC). In this study, we investigate

the impact of an Antarctic ice sheet meltwater pulse on the AMOC using an

ocean-atmosphere coupled general circulation model of intermediate complexity. Freshwater

input into the Pacific sector of the Southern Ocean (SO) is transported eastward via the

Antarctic Circumpolar Current. As this freshwater reaches the Atlantic sector, it travels

northward along the eastern coast of South America, eventually reaching the North Atlantic.

Additionally, the freshwater in the SO causes surface cooling due to increased stratification,

provoking a northward shift of the Intertropical Convergence Zone (ITCZ) and resulting in

more precipitation in the northern tropical Atlantic. These two effects lead to lower salinity in

the North Atlantic, reducing salt advection and thereby weakening the AMOC. Further

experiments, in which the duration of freshwater hosing was varied while maintaining the

total amount constant, reveal that both the total freshwater input and hosing duration play

crucial roles in determining the extent of AMOC reduction.
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East Antarctic polynyas: a quarter century of exploration and
discovery on the cold, salty heartbeat driving Antarctic Bottom

Water Production
Guy D. Williams

First Institute of Oceanography, and Key Laboratory of Marine Science and Numerical Modeling,
Ministry of Natural Resources, Qingdao, China
* Presenter’s email: guy.darvall.williams@gmail.com

Antarctic coastal polynyas, characterized by intense sea-ice formation and salinification of

underlying shelf waters, are among the most dynamic and awe-inspiring regions on Earth.

The interplay between freezing winds and oceanic processes in these regions drives the

production of Antarctic Bottom Water, a critical component of the lower limb of the global

thermohaline circulation. Polynyas also play a vital role in biogeochemical cycling and

ecosystem functions.

In this presentation, I will share my personal scientific journey with these extraordinary

natural phenomena, which began 25 years ago when I joined the first winter expedition to the

Mertz Glacier polynya in East Antarctica during July-September 1999. The groundbreaking

results from this expedition laid the foundation for new research, focusing on detecting and

monitoring polynyas via satellite and incorporating these new sources of Antarctic Bottom

Water into global ocean climate models.

These efforts necessitated validation and year-round observations across the vast East

Antarctic margin—observations that were often beyond the reach of traditional national

Antarctic research expeditions. Remarkably, the use of instrumented southern elephant seals,

originally deployed in an adjacent research area to study habitat, has filled many of these

observational gaps. Over the last decade, data from this program has driven significant

advances in our understanding, with each new polynya region uncovering additional

complexities and nuance, particularly regarding their interaction with increasing meltwater

from ocean-ice shelf interactions.
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Differences Between the CMIP5 and CMIP6 Antarctic sea ice
concentration budgets

Yafei Nie1*, Xia Lin2,3, Qinghua Yang1, Jiping Liu1, Dake Chen1 and Petteri Uotila4

1School of Atmospheric Sciences, Southern Marine Science and Engineering Guangdong Laboratory
(Zhuhai), Sun Yat-Sen University, Zhuhai, China.
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Compared to the Coupled Model Intercomparison Project Phase 5 (CMIP5) climate

models, the Antarctic sea ice area (SIA) has been improved in Phase 6 (CMIP6). However,

the lack of knowledge about the reliability of sea ice dynamic and thermodynamic processes

in the CMIP6 models still limits the accuracy of Antarctic sea ice projections. Here, by using

a novel and systematic statistical metric, the performance of CMIP5 and CMIP6 models with

near-realistic SIAs was assessed. We found improvements in CMIP6 models relative to

CMIP5. Moreover, forcing the sea ice-ocean model with atmospheric reanalysis led to

excessive ice convergence compared to the fully coupled ocean-sea ice-atmosphere model,

although the SIA bias could be much smaller. This prevalent insufficient ice divergence in the

models is highly correlated with the negative ice thickness bias, highlighting the importance

of ice thickness in the correct simulation of sea ice dynamics.



21

The responses of Antarctic sea ice and overturning cells to
meridional wind forcing

Hajoon Song1*, Yeonju Choi1, Edward W. Doddridge2, and John Marshall3

1 Department of Atmospheric Sciences, Yonsei University, Seoul, South Korea
2Australian Antarctic Program Partnership, Institute for Marine and Antarctic Studies, University of
Tasmania, nipaluna / Hobart, Tasmania, Australia

3Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of Technology,
Cambridge, Massachusetts, USA
* Presenter’s email: hajsong@yonsei.ac.kr

Meridional winds over the seasonal ice zone (SIZ) of the Antarctic have undergone

changes and likely contributed to sea ice extent variability in recent decades. In this study,

using observations and an eddy-resolving channel model of the Antarctic SIZ, we investigate

the influence of meridional wind changes on the sea ice distribution, and document how the

underlying ocean might change. We find that southerly wind anomalies in austral winter lead

to an increase in sea ice extent by encouraging equatorward sea ice drift. This results in more

leads and polynyas, ice production and buoyancy loss near the coastal region and freshening

out in the open ocean near the Antarctic Circumpolar Current. In contrast, summertime

southerly wind anomalies reduce sea ice extent due to warming anomalies near the sea ice

edge. This is a consequence of enhanced meridional overturning circulation (MOC) triggered

by enhanced buoyancy loss through surface heat flux and brine rejection, which brings

relatively warm water towards the summertime sea ice edge. A water-mass transformation

analysis reveals the increased deep water formation caused by brine rejection and heat loss in

leads and polynyas. Changes in sea ice extent and MOC behave in the opposite way when the

sign of the wind anomaly is switched from southerly to northerly. Our study shows that

meridional wind anomalies can modify not only the sea ice distribution, extent of polynyas

and air-sea buoyancy fluxes, but also the ocean's MOC and bottom water properties.
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The melting of the Antarctic ice sheet, a crucial factor in global sea level rise, along with

the recent rapid decline in Antarctic sea ice extent, significantly influences future global

climate change. However, due to limited observations and uncertainties in modeling, a high

degree of uncertainty remains in future projections. To address this issue, we analyzed both

remote and regional ice-ocean-atmosphere interactions that affect the melting of the Antarctic

ice sheet, utilizing a range of observational data and modeling techniques. Our focus was

particularly on the Thwaites Glacier region in West Antarctica, where ice is melting most

rapidly, and the eastern part of East Antarctica, where a notable reduction in ice extent is

observed. External forcings that cause teleconnections, such as El Niño, the Indian Ocean

Dipole (IOD), the Atlantic Multidecadal Oscillation (AMO), as well as major regional climate

variabilities in Antarctica including the Southern Annular Mode (SAM) and the Amundsen

Sea Low (ASL), were considered. Based on these studies, we aim to introduce Project FAST

(Forecast of Antarctic Sea ice Trend), designed to enhance understanding of the

unprecedented reduction in Antarctic sea ice extent observed in recent years and to improve

future predictions of sea ice. In particular, this project focuses not only on the variations in

sea ice extent in the open waters of the Southern Ocean, as analyzed in previous studies, but

also on the analysis and prediction of fast ice, which is crucial for supporting Antarctic

activities and infrastructure.
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The Antarctic margin largely controls global climate elements such as mean sea level and

meridional overturning circulation. Environmental settings of the Antarctic coastal shelf

region are key factors of the continental ice melt and dense water formation. Warm water

intrusion onto the West Antarctic shelf is known to trigger melt of continental ice. In contrast,

East Antarctic shelf has been paid less attention, but its huge potential and recent sign of ice

mass loss demands intensive research. Totten Glacier is one of the hotspots for the ice sheet

instability. General structure of the shelf bathymetry has been clarified and details such as

zig-zag conduit of deep valleys have been revealed. Ubiquitous presence of warm water and

significant temporal variabilities from the tidal to interannual time scares have been detected.

The change in the warm shelf can have far-reaching influence.

General freshening, warming, and volume reduction have been recognized for Antarctic

Bottom Water, and recent hydrographic surveys have clarified the presence of spatial and

temporal dependence in those changes off East Antarctica. Decadal upturn in salinity has

been observed in the eastern side of the Australian–Antarctic Basin, and the signature can be

traced back to the Ross Sea shelf. In the western side the decadal flip is less pronounced and

the longer-term trend is clear even for the lighter density further into South Australian Basin.

To the west Cape Darnley Bottom Water revealed general freshening, with its magnitude

somewhat suppressed compared to those changes in the east. Some numerical models

reproduce similar changes, while still many models do not. Although the quantitative

assessment is needed, many aspects of bottom water formation, spreading, and change remain

insufficiently known due to the paucity of in situ observation. Sustained observations are

indispensable in understanding the mechanism and global impact of the Antarctic margin.
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Around the margins of Antarctica, dense waters formed on the continental shelf are

exported to oceanic depths. This overflow of dense waters to the abyss ventilates the ocean,

and is vital to the global overturning circulation. Accurately quantifying the variability in the

transport of dense waters exported from the Antarctic continental shelf poses substantial

challenges, due to the reliance on costly, carbon-emitting and sparse observations or on

models that do not capture complete dynamics. Here, we demonstrate that Antarctic dense

water overflows can be monitored from space, using year-round sea surface height (SSH)

observations from satellite altimetry. We employ high-resolution simulations to characterize

the SSH signature of the dense waters crossing the Ross Sea continental shelf break. This

allows us to find an SSH proxy that captures the dense water transport variability, even when

model outputs are subsampled to the sparse satellite observation coverage. When applied to

the existing satellite record, this proxy reveals interannual variability that aligns with changes

in dense water properties measured from moorings and hydrographic surveys. Our findings

suggest that satellite-based monitoring can effectively complement and enhance existing in

situ observing systems, by providing long-term and extensive spatial coverage of Antarctic

dense water transports. For example: The variability of Arctic sea ice contributes to heat

reduction (albedo) and gas exchange between the ocean and the atmosphere, and further

affects the deep-water formation.
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We analyze the processes that control interannual salinity variability on the Ross Sea

continental shelf in a high-resolution regional coupled ocean-sea ice-ice shelf model with

constant boundary conditions. We show that both brine rejection and salt advection jointly

dictate the interannual salinity variability. The surface salinity variability is driven by both

brine rejection and the import of the upper layer water across the shelf break. Enhanced sea

ice production does not necessarily increase the salinity in High Salinity Shelf Water (HSSW).

This is because the salt input into the lower layer from brine rejection cannot exceed the salt

export associated with the outflow of High Salinity Shelf Water (HSSW) when the surface

salinity is relatively low and the vertical salt gradient is relatively large. The east-west sea

level pressure gradient across the Ross Sea significantly shapes the surface wind patterns over

the Ross Sea continental shelf and hence controls sea ice production on the continental shelf.

The enhanced (reduced) HSSW production and the increase (decrease) in the salinity of the

HSSW can increase (decrease) the outflow of saltier lower layer water and the inflow of the

upper layer water across the shelf break, tending to make a larger (smaller) vertical salt

gradient. Thus, wind-forced brine rejection acts to drive the interannual salinity variability,

while the responding overturning circulation tends to damp the variability.
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Antarctic Bottom Water (AABW), which supplies the lower limb of the thermohaline

circulation, originates from dense shelf water (DSW) forming in Antarctic polynyas.

Combining the longest mooring record of DSW measurements in the Southern Ocean,

numerical simulations and satellite data, we show that significant correlation can exist

between interannual variability of DSW production in polynyas of the Ross Sea that

contributes between 20–40% of the global AABW production and the Southern Annular

Mode (SAM). The correlation is largest when the Amundsen Sea Low (ASL) is weakened

and further away from the Ross Sea. During positive SAM phases, enhanced offshore winds

over the western Ross Sea increase sea ice production and promote DSW formation, with the

opposite response occurring during negative SAM phases. These processes finally modulate

AABW thickness in the open ocean of the Pacific sector. The projected trend in SAM toward

its positive phase and ASL moving further from the Ross Sea has implications for the future

of DSW and AABW.
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The Antarctic Slope Current (ASC), coupled with the Antarctic Slope Front (ASF),

encircles Antarctica and is a roughly alongshore flow. Yet, the instabilities of the ASC/ASF

can induce cross-slope exchanges. The ASC/ASF instabilities excited by external forcing

have been studied extensively in previous literature. However, the mechanisms responsible

for the intrinsic instabilities are still not clear. Based on an idealized eddy-resolving model,

this study focuses on the intrinsic instabilities of the ASC/ASF. The ASC/ASF is classified

into three types: Fresh Shelf, Warm Shelf, and Dense Shelf. Focused on the Fresh Shelf and

Dense Shelf cases, two high-resolution process-oriented numerical experiments are conducted

to reveal the typical characteristics, the dynamic mechanisms, and the influences of intrinsic

instabilities. In the Fresh Shelf case, the intrinsic instabilities are characterized by a

submesoscale vortex train over the middle-lower slope, associated with the Topographic

Rossby waves. In the Dense Shelf case, a mesoscale vortex train is present over the lower

slope, and abundant filaments and jets can flow across the shelf break. The baroclinic

instability greatly contributes to the generation of intrinsic instabilities in the two cases, yet

the barotropic instability contributes less to the intrinsic instabilities in the Fresh Shelf case.

As an important feature of the instabilities, coherent eddies have been identified and

significantly favor the cross-slope exchanges by the advection of water boluses retaining

source water. Intrinsic instabilities only contribute to exchanges across the continental rise in

the Fresh Shelf case but effectively result in cross-slope exchanges in the Dense Shelf case.
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High-salinity shelf water (HSSW) acts as a precursor to Antarctic Bottom Water (AABW)

and plays a critical role in regulating the global ocean circulation system. This study utilizes a

high-resolution Ross Sea-Amundsen Sea ocean-sea ice-ice shelf model to analyze the

variability in HSSW formation in the Ross Sea from 2003 to 2019, with a focus on the

extreme HSSW event during the winter of 2007. The results indicate that during the winter of

2007, synoptic-scale cyclones were predominantly located near the front of the Ross Ice Shelf.

Under the influence of local topography, the western flanks of these cyclones significantly

enhanced offshore winds, leading to a sharp increase in ice production within the Ross Ice

Shelf polynya, which directly contributed to the substantial HSSW formation. However,

despite this increase in HSSW, the salinity and density of the Ross Sea decreased significantly

during the same period. Further investigation revealed that this anomaly was due to a rapid

increase in ice shelf melting in the Amundsen Sea and Ross Seas during 2006-2007, with

annual cumulative melt rates reaching up to 600 Gt yr^-1, the highest in recent decades. The

resulting large inflow of meltwater was transported westward into the Ross Sea by a strong

coastal current, leading to an increase in freshwater in the region. This increase in freshwater

flux, combined with the increased production of HSSW, created a dynamic interplay that

ultimately altered the hydrographic characteristics of the Ross Sea.
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Accurately predicting climate-driven changes to Southern Ocean marine biomass is

essential to protecting fragile ecosystems and managing fisheries. The canonical wisdom

holds that higher temperatures will drive weaker conductive mixing, shallower mixed layers,

relived phytoplankton light limitation, higher primary productivity, and ultimately more

marine biomass. Consistent with this framework, CMIP6 models generally agree that

phytoplankton growth conditions (i.e. specific cell division rates) will increase under high

emissions scenarios (SSP585). However, only a subset of models actually exhibit increasing

phytoplankton biomass. Many others simulate decreasing phytoplankton biomass despite

improving growth conditions. This paradox is only possible if increasing phytoplankton loss

rates become decoupled from biomass, allowing them to outpace increasing cell division rates.

Interestingly, this phenomenon typically only occurs in the Southern Ocean when

biogeochemical models include multiple phytoplankton and zooplankton functional groups. I

will show mechanistically how shifting planktonic community composition in a changing

climate can drive decreasing phytoplankton biomass despite faster cell division more efficient

trophic transfer. This is critical because most marine ecosystem models used to project

Southern Ocean fisheries are forced only with phytoplankton biomass, and thus could mistake

increasing secondary production for decreasing biomass at the base of the food chain. These

results raise questions about the true fate of Southern Ocean biomass and how best to predict

-and protect- it.
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Mode waters in the Southern Ocean form a major sink for both anthropogenic heat and

carbon, yet little is known about the oceanic mechanisms that control its variability. In this

study, we use observationally based data to examine the oceanic teleconnections from the

tropics to the Southern Ocean along a pathway from the Indonesian Throughflow (ITF) to the

South Equatorial Current, the Agulhas Current, then around the Southern Ocean via the

Antarctic Circumpolar Current (ACC). Our analysis reveals propagation of ITF water and its

interannual variations into the Southern Ocean along this pathway, taking approximately 2–3

years from the Indonesian exit passages to the Agulhas Retroflection region. The Agulhas

water combines with ACC water entering from the Atlantic basin to govern the

temperature–salinity pattern and variability of ACC waters in the western Indian Ocean, over

which the mixed-layer depth (MLD) and Subantarctic Mode Water (SAMW) volume and

properties all show strong quasi-biennial variability. These temperature–salinity, MLD, and

SAMW anomalies introduced in the western Indian Ocean are then advected eastward with

the ACC and re-emerge in the eastern Indian Ocean in approximately one year, reaching the

southeast Pacific in 4–5 years and further to the east of Drake Passage a year later. The

propagation speed of these anomalies is around 40–55 degrees longitude per year along the

ACC, or equivalently 0.15–0.2 m s-1, matching the advective time-scale and pathway of

variability along the ACC. A Lagrangian particle tracking analysis shows this route matches

the trajectory of particles driven by geostrophic currents in the ACC.
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The Southern Ocean has experienced considerable salinity changes. In this study,

specifically designed numerical perturbation experiments based on a global ocean-sea ice

model were conducted to distinguish contributions from different types of surface flux forcing

to the Southern Ocean salinity changes under anthropogenic climate change. We find that in

addition to the freshwater flux forcing, the heat flux and wind stress forcing also have

significant contributions to the Southern Ocean salinity changes, especially for those seen in

the interior ocean. Particularly, the heat flux forcing is mainly responsible for the

deep-reaching salinification in the high-latitude Southern Ocean through the enhanced

stratification and suppressed diffusive vertical exchange, as well as the subtropical freshening

in the SAMW and AAIW through the poleward migration of surface outcropping and

resulting subduction of fresher water.



33

Enhanced ocean heat storage efficiency by Southern Ocean
warming and AMOC weakening during the last deglaciation
Chenyu Zhu1*, Saray Sanchez2, Zhengyu Liu3, 4, Peter U. Clark2, Chengfei He5, Lingfeng
Wan6, Jiuyou Lu7, Chenguang Zhu8, Lingwei Li3, 9, Shaoqing Zhang6, Lijing Cheng110

1 Earth System Numerical Simulation Science Center, Institute of Atmospheric Physics, Chinese
Academy of Sciences, Beijing, China

2 College of Earth, Ocean, and Atmospheric Sciences, Oregon State University, Corvallis, OR 97331,
USA

3 Department of Geography, Ohio State University, Columbus, OH 43210, USA
4 School of Geography Science, Nanjing Normal University, Nanjing, China
5 Rosenstiel School of Marine, Atmospheric, and Earth Science, University of Miami, Miami, Florida
6 Frontier Science Center for Deep Ocean Multispheres and Earth System (DOMES), Institute for
Advanced Ocean Study (IAOS) and Key Laboratory of Physical Oceanography, MOE (POL), Ocean
University of China, Qingdao, China

7 Laoshan Laboratory, Qingdao, China
8 School of Ocean Sciences, China University of Geosciences (Beijing), Beijing, China
9 Institute of Arctic and Alpine Research, University of Colorado Boulder, Boulder, CO 80303, USA
10International Center for Climate and Environment Sciences, Institute of Atmospheric Physics,
Chinese Academy of Sciences, Beijing, China
* Presenter’s email: zhuchenyu@mail.iap.ac.cn

Proxy reconstructions suggest that increasing global mean sea-surface temperature

(GMSST) during the last deglaciation was accompanied by a comparable or greater increase

in global mean ocean temperature (GMOT), corresponding to a large heat storage efficiency

(HSE, ∆GMOT/∆GMSST). An increased GMOT is commonly attributed to surface warming

at sites of deepwater formation, but winter sea-ice covered much of these source areas during

the last deglaciation, which would imply a HSE much less than 1. Here we use climate model

simulations and proxy-based reconstructions of ocean temperature changes to show that an

increased deglacial HSE is achieved by warming of intermediate-depth waters, especially

those sourced from the Southern Ocean. The warming is forced by mid-latitude surface

warming in response to greenhouse gas and ice-sheet forcing as well as by reduced Atlantic

meridional overturning circulation associated with meltwater forcing. These results, which

highlight the role of surface warming pattern and oceanic circulation changes, have

implications for our understanding of long-term ocean heat storage change.
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Oceanic mesoscale eddies are important dynamical processes in the Southern Ocean.

Using high-resolution (~0.1。 for the ocean) Community Earth System Model (CESM-HR)

simulations under a high-carbon emission scenario, we investigate the role of mesoscale

eddies in regulating the response of the Subantarctic Front (SAF) to global warming. The

CESM-HR simulates more realistic oceanic fronts and mesoscale eddies in the Southern

Ocean than a coarse-resolution (~ 1。for the ocean) CESM. Under global warming, the SAF is

projected to intensify. The mean flow temperature advection intensifies the front, whereas

the mesoscale-eddy-induced temperature advection and atmospheric dampening play

primary (~67%) and secondary (~28%) roles in counteracting the effect of mean flow

temperature advection. Our study suggests the importance of mesoscale eddies on inhibiting

the SAF intensification under global warming and necessity of mesoscale-eddy-resolving

simulations for faithful projection of future climate changes in the Southern Ocean.
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Eddy-induced heat flux (EHF) convergence plays an important role in balancing the

cooling of mean flows in the heat budget of the Southern Ocean. This study investigates the

EHF in the Southern Ocean and the surface ocean heat budget over the Antarctic Circumpolar

Current (ACC) estimated through a high-resolution ocean assimilation product. In contrast to

previous studies in which the estimation of the EHF in the Southern Ocean was based on the

assumption that mesoscale eddies are quasigeostrophic turbulence, we find that more than

one-third of the total meridional EHF in the surface layer is attributed to ageostrophic currents

of eddies and that the ageostrophic component of the EHF convergence is as important as its

geostrophic component for the surface ocean heat budget over the ACC. In particular, the

ageostrophic meridional EHF convergence accounts for 22% of the warming needed to

balance the cooling from the mean flows during winter, equivalent to warming the surface

ocean of the ACC by 0.14°C. The ageostrophic meridional EHF is likely caused by the

stirring effect of ageostrophic secondary circulations in mesoscale eddies, which are induced

by the turbulent thermal wind balance to restore the vertical shear of the upper layer in

mesoscale eddies destructed by intense winter winds.
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Oceanic heat enters the Arctic mainly through the Nordic Seas, advected by two main

branches of the Norwegian Atlantic Current: the Norwegian Atlantic Slope Current and the

Norwegian Atlantic Front Current. The Norwegian Atlantic Current, on its way through the

Nordic Seas to the Arctic, loses over 50% of its heat. In this study it is shown that a large

portion of this heat loss is due to generation of mesoscale eddies.

Three-dimensional properties of mesoscale eddies in the Norwegian and Greenland Seas

were studied using satellite altimetry data and in situ observations. Eddies in the Norwegian

Sea generally have significantly bigger volume, rotation velocity, and core temperature

anomalies compared to eddies in the Greenland Sea. The likely reason for this difference is

that eddy generation mechanisms in the Greenland Sea are different from those in the

Norwegian Sea. The large-scale pattern of eddy translations was estimated. Eddies move

counterclockwise around the Norwegian-Greenland region, and are organized in an

intensified regional circulation pattern in the Lofoten Basin.

Mesoscale eddies are shown to have a significant impact on heat redistribution in the

Lofoten Basin, extracting and dispersing over the Basin approximately 1/3 (60 TW) of the

heat, brought into the Basin by the Norwegian Atlantic Slope Current.

The interannual variability of the eddy heat transport, which is linked to the observed

variability in the number of generated eddies, accounts for only 10 TW. However, an increase

in the temperature in the eddy cores by 1°C leads to an increase of the eddy heat flux by 50

TW. Thus, the variability in the eddy heat transport can effectively damp the water

temperature anomalies entering the Norwegian Sea from the south.
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The Chukchi Slope Current (CSC) is an important channel for transporting freshwater and

heat that originates from the Pacific Ocean into deep Arctic basins. The variation of its

intensity is influenced by ice-ocean interaction processes. This talk will analyze the seasonal

variations of the CSC from an observational perspective, revealing its variability under

different forcing fields and exploring the interaction between CSC and eddies via examining

the wind-power input.
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Amundsen Gulf, located between the Canadian north slope and Banks Island, is the first

gateway to the Canadian Arctic Archipelago, providing a bridge between the western Arctic

Ocean and the North Atlantic. Using timeseries from 13 moorings in the vicinity of the mouth

of Amundsen Gulf deployed from 2003-2004, we investigate the mean state and dominant

variability of the circulation in the upper layer which consists of boundary currents on both

sides of the gulf and anticyclonic recirculation in the interior. We find that the flow at the

western side of the gulf switches directions in response to the wind: inflow under

northwesterly winds and outflow under southeasterly winds. Such a relationship persists

throughout the year, except during periods of full ice coverage. By contrast, the current on the

eastern side of Amundsen Gulf consistently flows into the gulf for most of the year and is

only weakly correlated with the western boundary current or local winds. Instead the flow

aligns more with the circulation along the eastern side of Banks Island which is linked to the

southeastern extension and movement of the Beaufort Gyre, and, in turn, the basin-scale wind

stress curl. Three distinct water masses were observed at the mouth of the gulf mouth during

the year-long period: fresh water in late fall that originates in the basin and penetrates into the

gulf; cold/salty water in winter that is intermittently advected into the gulf from the eastern

boundary current; and warm water in summer that appears in open ocean regions where

atmospheric heating occurs, independent of the detailed circulation structure.
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Marine heatwaves (MHWs) and total heat exposures (THEs), extreme warming events

occurring across the global oceans, seriously threaten marine ecosystems and coastal

communities as the climate warms. However, future changes in MHWs and THEs in the

Arctic Ocean, where unique marine ecosystems are present, are still unclear. Here, based on

the latest CMIP6 climate simulations, we find that both MHWs and THEs in the Arctic Ocean

are anticipated to intensify in a warming climate, mainly due to Arctic sea ice decline and

long-term warming trend, respectively. Particularly striking is the projected rise in MHW

mean intensity during the 21st century in the Arctic Ocean, surpassing the global average by

more than sevenfold under the CMIP6 SSP585 scenario. This phenomenon, coined the 'Arctic

MHW Amplification', underscores an impending and disproportionately elevated threat to the

Arctic marine life, necessitating targeted conservation and adaptive strategies.
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High-resolution climate models can resolve more climate variability, including ocean

eddies and climate extremes, and are therefore important for studying the interactions of polar

climate variability at different scales. We found that although the meridional overturning

circulation in high-resolution climate model shows a smooth weakening, there are abrupt

shifts on regional scales only in the high-resolution model, such as a strengthening toward the

Arctic. The Arctic marine heatwaves, as resolved in high-resolution climate models, would

induce even stronger future Arctic ocean warming, and therefore the currently expected ocean

warming is underestimated. In the Southern Ocean, marine cold spells are projected to

intensify in the future. This is due to the resolved eddies that show a strengthening of

northward movement and carry high-latitude cold water.
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The area of Arctic winter sea ice growth (WSIG) has expanded dramatically since winter

2008. Yet the thermodynamic and dynamic contributions to the abrupt increase in WSIG

remain unclear. Here using an ice concentration budget, we characterized quantitatively the

increasing WSIG and revealed the relative contributions of dynamics during 1985–2021. Ice

dynamics related to ice convergence/divergence are compared in two representative regions.

The northern Laptev Sea is a freezing-dominated ice growth region and is competitively

driven by the ice convergence. While in northwest Beaufort Gyre (BG), the combined effects

of freezing and ice divergence have both enhanced since 2008, and the dynamics contribute

84% to the significant WSIG intensification since 2008. Comparison of thermodynamic and

dynamic contributions emphasized that the winter sea-ice expansion is influenced not only by

winter freeze, but also by convergence/divergence relative to newly formed thinner and

mobile ice. Furthermore, the amplified summer Beaufort High in the mid-2000s and its

long-lasting memory of the wind-driven strengthened BG are partially attributed to the abrupt

increased WSIG since 2008.
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The Kara–Laptev Seas (KLS), known as the ‘Ice Factory of the Arctic’, witnesses rising

instead of falling winter sea ice growth (WSIG) under the shrinkage of Arctic ice. However,

knowledge of the large year-to-year variation is still unclear. Combining a seasonal ice

concentration budget, a composite analysis, and a typical case study, we study both the

interannual variability of WSIG in the KLS and the associated air-sea forcings during

1985–2021. Results quantitatively reveal that, during 1985–2021, thermodynamic melt in the

melting season (April–August) contributed 80.3% to the interannual ice loss difference and

promoted the subsequent WSIG by the recovery mechanism in the KLS. This consistent

thermodynamic melt is caused by the strengthened summer Beaufort High, transporting heat

and introducing a locally positive ice-albedo feedback. However, since 2010, the dynamic

growth during the freezing season (October–February) has increasingly stimulated the WSIG.

Typical cases in 2013 and 2017 indicate that the overlying anticyclonic atmospheric regime

restricts the ice drift from the KLS and contributes to the dynamic growth of 41.6% of the

WSIG difference, while the turbulent-heat-induced thermodynamic growth in winter is down

to 58.4%. In short, we reveal an unstable relationship between the summer ice loss and the

subsequent WSIG under the background of Arctic warming. Our study points out that the

distinct dynamic ice growth driven by surface winds or ocean currents during the freezing

season is likely to increase in the near future, with thinner and more mobile seasonal ice

predominating in the Arctic.
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Investigating deep ‐ sea temperature variability is essential for understanding deep ‐ sea

variability and its profound impacts on climate. The first mode in the Atlantic is referred to as

Deep Atlantic Multidecadal Variability (DAMV), characterized by a north ‐ south dipole

pattern in the mid ‐ high latitudes with a quasi ‐ period of 20 – 50 years. The DAMV and

Atlantic Multidecadal Variability, despite a statistical discrepancy, may be different responses

to ocean heat transport (OHT) driven by the Atlantic Meridional Overturning Circulation

(AMOC) at distinct depths separately. The relationship between the DAMV and the AMOC is

established, indicating the AMOC is likely to transport surface heat downwards by deep

convection and contribute to such dipole pattern in the deep Atlantic. Furthermore, meridional

OHT proves the AMOC can explain the DAMV variation as a dynamic driver. These results

reinforce the importance of deep‐sea studies concerning the Atlantic climate system.
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Seasonal patterns in seasonally frozen waters have largely been derived from composites

of analyses conducted in different years and largely have been confined to ice-free periods.

We present the first continuous measurements of hydrographic and biogeochemical variables

collected over an entire year by Biogeochemical-Argo (BGC-Argo) profiling floats on the

continental shelf of the Ross Sea. Analyses were divided into two periods: autumn/winter

and spring/summer. Mixed layers increased rapidly upon ice cover, and nitrate, oxygen, and

dissolved inorganic carbon vertical distributions were strongly influenced by this deeper

mixing. Rates of nitrification in autumn were substantial and similar to rates measured in

other areas of the ocean. Organic carbon disappearance was also most rapid in March.

Changes in all variables slowed considerably after May. The largest mixed layer depths

occurred at the southern floats and were from 400 - 500 m. Spring/summer patterns were

similar to those observed during individual cruises, with rapid nitrate removal beginning in

late November, continuing through early January, but ceasing during austral summer. The

most rapid accumulations of chlorophyll occurred prior to complete ice retreat. Substantial

spatial differences were noted that were likely related to both mixed layer depths and

phytoplankton composition. Particulate matter accumulated throughout the summer below

100 m, although the rates of change suggested substantial remineralization in the water

column. The temporal patterns observed show the importance of relatively short periods that

markedly influence the vertical distribution of biogeochemical parameters.
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The ongoing reduction in the extent and duration of sea ice coverage in the Arctic Ocean

appears to have resulted in increased biomass and production of phytoplankton along with a

shift away from ice-associated algae. Phytoplankton increases have occurred within both the

inflow seas, as well as over the interior shelves. Observations suggest there has been

concurrent increases in the abundance of zooplankton, although such data remains spotty in

its coverage. Here we discuss the factors that have led to these increases in phytoplankton

and how zooplankton communities have responded. Not all zooplankton species have

benefited equally due to differences in their life history strategies. For both components, we

consider how these trends will continue into the future, and what can be expected for

community structure and their seasonal cycles in the future Arctic Ocean. Such trends will

ultimately determine the ability of the Arctic to support upper trophic levels including

fisheries in the future.
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A review of the current state of knowledge on the structure and productivity of

zooplankton communities in the Arctic Ocean is presented. The review is based on extensive

sampling data collected during expeditions by research icebreakers, including the RV

"Polarstern" (1995-2016) and the USCGC "Healy" (2005). Data from over

170 sampling locations, where stratified samples were collected from the bottom to the

surface, allow us to compare species diversity, vertical structure, and biomass distribution of

zooplankton across the entire Arctic Ocean. This large dataset clearly demonstrates that

Arctic zooplankton are less diverse than those in other oceans. Only approximately 180

metazoan species have been identified in the four deep basins of the Arctic: the Nansen,

Amundsen, Makarov, and Canada basins. The list of species is now believed to be nearly

complete, with the exception of the deepest water layers where new species continue to be

discovered. The use of modern quantitative sampling techniques in combination with

consistent and standardized methods for zooplankton processing allowed for a comparison of

regional variability in zooplankton stock distribution. Consistent observations across all four

Arctic Ocean basins revealed two main components contributing to zooplankton biomass and

productivity: a locally reproducing autochthonous community and an allochthonous

community comprised of species transported into the Arctic by the Atlantic current. A

strong correlation was demonstrated between regional variation in biomass and water

circulation patterns, bottom topography, and life cycle traits of both autochthonous and

allochthonous species.
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Viruses are the most abundant life form on earth with an estimated total abundance in the

oceans of ~1030. They are responsible for 10-30% of bacterial mortality, known to control

harmful algal blooms and can reduce photosynthesis by up to 78%.

In Prydz Bay, eastern Antarctica, their abundance at all depths is closely correlated with

both chlorophylla and bacterial abundance. Metagenomic analyses of surface seawater from

the Scotia Ridge and Prydz Bay, identified bacteriophages of the Caudovirales, especially the

Podoviridae, as the most abundant. Microalgal viruses belonging to the Phycodnaviridae

family, which contains most microalgal viruses, especially Phaeocystis viruses, were also

identified.

Sea ice algae communities comprises a globally significant photosynthetic biofilm. While

their microalgal and bacterial constituents are well characterized, there is very little

information on their associated viral communities or on the virus-bacteria and virus-algae

interactions within them. While high levels of interaction might be expected because of the

high density of cells, infection rates, particularly of microalgae, have been found to be low. It

remains unclear whether this is a result of environment characteristics, developed resistance

or because of the small number of studies. However, research to date has focussed

exclusively on DNA viruses. Recent research has shown that key eukaryote group, including

diatoms, are mostly infected with RNA viruses. Our most recent research is showing that

RNA viruses are abundant and diverse in sea ice.

We are investigating how projected global change, including ocean acidification

temperature and nutrient availability, will change infection rates in ice edge blooms and sea

ice ecosystems.
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Marine aerosols (MA) can be influenced by sea ice concentration, potentially playing a

pivotal role in the formation of cloud condensation nuclei and exerting an impact on regional

climate. A high-resolution aerosol observation system was employed to measure the

concentration and size of aerosols in the floating ice region and seawater region of the Arctic

Ocean during the 8th and 9th Chinese Arctic Expedition Research Cruise. The identification

of aerosol sources was conducted using a modified positive definite matrix factorization

method and a backward air mass trajectory model. Two types of MA including the sea-salt

aerosol (SSA) and the marine biogenic aerosol (BA) were identified and their concentrations

were calculated. Then the physical-chemical characteristics of MA in the floating ice region

and seawater region were compared under normalized conditions (-2.5℃ < T < -0.1℃; 5.80

m/s < WS < 10.95 m/s) to discern the impact of sea ice. A unimodal distribution was

observed for MA number concentration with a dominant peak ranging from 0.5 μm to 1.0 μ

m in size range. The findings revealed that the presence of sea ice cover led to a significant

reduction of 52.2% in the number concentration of SSA, while exerting minimal influence on

its composition. BA number concentration in the floating ice region was 33.3% higher than

that in the seawater region. Strong winds (wind speed > 6.5 m s-1) transported organic matter

and nutrients entrapped in sea ice into the atmosphere, leading to an increase in BA

concentration. However, the presence of sea ice cover hampered the exchange of biogenic

gases between the ocean and air, resulting in a reduction of secondary BA formation. Our

study elucidates the correlation between MA release and sea ice coverage in the Arctic Ocean,

thereby establishing a theoretical foundation for climate prediction models.
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The Southern Ocean is an important carbon sink globally, with significant seasonal,

inter-annual, and regional variations in the sedimentary particle flux and composition.

However, there is insufficient understanding of its ecological and environmental control

factors. Here, based on one-year time series particle samples collected by sediment traps

deployed inside and outside the Amundsen Sea Polynya, we analyzed the seasonal and

regional variations in sedimentary particle flux and composition. We also discussed

inter-annual differences and controlling factors, and evaluated the impact on carbon

sequestration. The results showed that the sediment flux in the polynya was significantly

higher than the open ocean (3.2-276 vs. 0.5-38.3 mg m-2 d-1), and higher in summer and

lower in winter. The sedimentary particles in the polynya during summer are mainly organic

matter (46.4%-50.5%), while terrestrial materials (65.2%-72.4%) in winter. The seasonal

differences in the composition of sedimentary particles in open ocean are relatively small,

with opal being the main component (7.7%-79.8%), and the proportion of terrestrial materials

(1.1%-8.4%) being significantly lower than that of polynya. The summer sedimentary

particles in the Amundsen Sea were mainly contributed by phytoplankton. In the polynya, the

dominant species shifted from Phaeocystis antarctica to diatoms, while in the open ocean,

diatoms were the main species. In winter, the primary production of phytoplankton slows

down, and the flux of particulate organic carbon in polynya is mainly contributed by

polychaete zooplankton, while in open ocean it is mainly contributed by pteropod

zooplankton. The ratio of particulate organic carbon deposition flux to net primary

productivity in the Amundsen Sea Polynya (0.77%-1.85%) is significantly lower than the

Ross Sea (0.87%-17.64%) and the Prydz Bay (1.81%-4.20%). This is related to the presence

of P. antarctica as the main phytoplankton and CDW upwelling obstructing the deposition of

particulate organic carbon in the Amundsen Sea Polynya.
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Polar oceans are experiencing rapid warming. Plankton biogeography is the basis to

understand the response of plankton to climate change on plankton. Oceanic tintinnids are

planktonic loricate ciliate which could be taxonomically identified. Before 2012, tintinnid in

the polar oceans were not further divided into different belts as in the zooplankton. In recent

years, tintinnid biogeography was revealed in several transects penetrating different water

masses. Here we review tintinnid biogeographic pattern in the polar oceans in the past ca. 10

years. Boreal tintinnids in Dolan (2012) could be divided into three belts: subarctic belt,

subarctic-arctic transition belt and arctic belt. Austral tintinnids had more belt than Boreal

tintinnids: subantarctic belt, subantarctic-antarctic transion belt, Antarctic belt and Antarctic

slope belt. Compared with the nine-belt pattern of zooplankton, tintinnid had three more belts

in the polar oceans: subpolar-polar transiton belts in both hemisphere and Antarctic slope belt.

The tintinnid Arctic belt is confined in the Beaufort Gyre while the zooplankton Arctic belt is

in whole Arctic Ocean. There are more tintinnid Antarctic species than in the Arctic possibly

due to the young geological history of Arctic. The bipolar tintinnid Acanthostomella

norvegica is in fact confined to subpolar regions. The Weddell Gyre and Ross Gyre are two

anticyclonic gyres with upwelling in their centers. Tintinnid Salpingella gausii was the

dominant species edge of the two gyres.
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The pace at which the Arctic Ocean will be free of summer ice has been a pressing societal

concern. Climate models have consistently struggled to accurately project the rate of decline

in the September Sea Ice Area (SIA), and the time the Arctic Ocean becomes ice-free in

summer. This study indicates that the decrease in September SIA is predominantly influenced

by winter Arctic warming and the subsequent response in sea ice thickness, along with the

rate at which summer sea ice melts due to feedback from ice thickness. The study found that

the 40 CMIP6 models have significant errors in simulating the growth rate of winter sea ice

thickness and the impact of summer ice thickness on melting, leading to uncertainties in

future projections. The study introduces a set of metrics, incorporating three physical

constraints, to confidently classify CMIP6 models as good, fair, or poor. The good models

predict the first ice-free year as 2049 with a standard deviation of inter-model spread of 10

years under the SSP2-4.5 scenario. In contrast, the fair (poor) models predict 2076 (2060)

with a spread standard deviation of 23 (42) years. The findings demonstrate that variations in

sea ice thickness during both freezing and melting seasons are pivotal in driving the long-term

decline of September SIA. Understanding these deficiencies and sources of uncertainty can

confidently enhance the prediction of sea ice in climate models.



54

Roles of large scale circulation in shaping Arctic climate
variability over recent decades

Qinghua Ding

Department of Geography and Earth Research Institute, University of California Santa Barbara, Santa
Barbara, CA, USA
* Presenter’s email: Qinghua@ucsb.edu

Arctic warming has been primarily attributed to anthropogenic forcing as well as

significant changes in large scale circulation patterns in the high latitudes on low frequency

time scales. In this talk, I will highlight a series of my recent work to reveal how these

circulation changes regulate various aspects of the Arctic climate system over recent decades

and the fact that our current models still lack sufficient skill to fully capture these impacts

exerted by large scale circulation changes. To overcome this challenge, which hinders us from

achieving better projections of future Arctic climate, we may need to put more effort into

improving models' capabilities in simulating the sources of this low frequency circulation

variability, such as the impact of low frequency SST variability in the tropics and subtropics,

and the simulation of teleconnections linking these remote forcing to the Arctic. This

roadmap may offer new possibilities for improving future climate projections not only within

the Arctic but also beyond.
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The atmospheric circulation favorable for Ross Ice Shelf summer surface melt could be

influenced by both the El Niño-related sea surface temperature (SST) anomalies in the

tropical central-eastern Pacific and the atmospheric heating anomalies over western Australia

through generating Rossby wave trains. Here we analyze output from 60 CMIP6 models and

reveal their ability to effectively simulate these primary drivers that affect the circulation

pattern over West Antarctica.

El Niño emerges as a crucial force shaping atmospheric circulation anomalies over the

Ross Sea through inducing two distinct wave trains toward West Antarctica: one originating

from the central Pacific and the other from the Maritime Continent. It is further found that,

independent from El Niño, the anomalous atmospheric heating over western Australia

provides another significant forcing and initiates a Rossby wave train that extends from

subtropical Australia to the Ross Sea. Overall, the CMIP6 models could simulate the wave

train patterns associated with these drivers; however, they underestimate the intensity of the

teleconnection.

This comprehensive assessment advances our understanding of the remote forcings

steering climate variability in West Antarctica during austral summer. Moreover, it instills

confidence in the predictability of future changes in the regional climate.
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This presentation introduces the principal modes of the East Asian winter monsoon

(EAWM) variability, the northern (N-) mode, southern (S-) mode and east-west dipole mode

of surface air temperature anomalies in the EAWM region. The Arctic sea ice exerts

important impacts on the EAWM at seasonal and subseasonal time scales. The possible

physical mechanisms on how preceding Arctic sea ice anomalies impact on these modes of

the EAWM are discussed. The results show that Arctic sea ice provides predictable signal for

seasonal and subseasonal variations of the EAWM. Thus, the related physically-based

empirically seasonal and subseasonal prediction models of three modes of the EAWM are

established. Hindcast experiments shows good skills of these models for predicting seasonal

and subseasonal variabilities of the EAWM, implying these physically-based empirical

models provides useful forecast tools for seasonal and subseasonal prediction of the EAWM.
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Interglacial intensity in past 800 kyr is characterized by a transition, about 430 kyr ago,

between the older ones, which were relatively cool, and the more recent ones, which were

relatively warm. This transition, as identified in Antarctic ice core records and benthic calcite

d18Oc records, corresponds to the so-called mid-Brunhes Transition (MBT). However, its

origin and underlying dynamics and its association with global ice volume/sea level remain

elusive. Here we show, based on a start-of-art, stable water isotope enabled climate model,

that MBT is in a close association with changes in Antarctic ice sheet during Termination (T)

V and Marine Isotope Stage (MIS) 11c. Our results elaborate that reduction in Antarctic ice

sheet strengthens vertical mixing in Southern Ocean by redistributing meltwater distribution.

Our marine carbon cycle model further shows that such process promotes additional

degassing of deep sea carbon, accounting for the high interglacial atmospheric CO2 levels

after the MBT. We propose that the unique orbital configurations during TV-MIS11c is the

cause of extra Antarctic ice sheet decrease, accounting for the systematic change in

interglacial climates in the late Pleistocene Epoch.
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Teleconnections impact on Antarctic sea ice, ice shelf, and snow
accumulation

Xichen Li

Institute of Atmospheric Physics, Chinese Academy of Sciences
* Presenter’s email: lixichen@mail.iap.ac.cn

Tropical-Polar teleconnections play important role in driving the recent observed Antarctic

climate changes. In particular, the decadal sea surface temperature variabilities over tropical

Pacific and Atlantic drives the east warming, west cooling pattern over the Antarctic during

the past several decades through Rossby wave dynamics. This teleconnection also leads to a

dipole sea ice pattern between Amundsen Sea and Ross Sea. Recent study indicated that the

tropical-polar teleconnection may further impact on the atmosphere-ice-ocean interactions

over Antarctica and Southern Ocean. Tropical SST variability may drive a dipole like sea ice

distribution around East Antarctica, similar to that around the west. It also accelerates the

surface warming over the Ross Ice Shelf. More importantly, the tropical-polar teleconnections

adjust the moisture transport over the Antarctic continent, further contribute to the snowfall

pattern and thus the surface mass balance of the Antarctic icesheet.
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In recent decades, Arctic sea-ice coverage underwent a drastic decline in winter, when sea

ice is expected to recover following the melting season. It is unclear to what extent

atmospheric processes such as atmospheric rivers (ARs), intense corridors of moisture

transport, contribute to this reduced recovery of sea ice. Here, using observations and climate

model simulations, we find a robust frequency increase in ARs in early winter over the

Barents– Kara Seas and the central Arctic for 1979–2021. The moisture carried by more

frequent ARs has intensified surface downward longwave radiation and rainfall, caused

stronger melting of thin, fragile ice cover and slowed the seasonal recovery of sea ice,

accounting for 34% of the sea-ice cover decline in the Barents–Kara Seas and central Arctic.

A series of model ensemble experiments suggests that, in addition to a uniform AR increase

in response to anthropogenic warming, tropical Pacific variability also contributes to the

observed Arctic AR changes.
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The ongoing reduction in the extent and duration of sea ice coverage in the Arctic Ocean

appears to have resulted in increased biomass and production of phytoplankton along with a

shift away from ice-associated algae. Phytoplankton increases have occurred within both the

inflow seas, as well as over the interior shelves. Observations suggest there has been

concurrent increases in the abundance of zooplankton, although such data remains spotty in

its coverage. Here we discuss the factors that have led to these increases in phytoplankton

and how zooplankton communities have responded. Not all zooplankton species have

benefited equally due to differences in their life history strategies. For both components, we

consider how these trends will continue into the future, and what can be expected for

community structure and their seasonal cycles in the future Arctic Ocean. Such trends will

ultimately determine the ability of the Arctic to support upper trophic levels including

fisheries in the future.
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