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Deep learning—based Seasonal Prediction of Antarctic Sea Ice

Gyeongmin Baek!, Jiho Ko? and Jong—Seong Kug!?

!School of Earth and Environmental Sciences, Seoul National University
Interdisciplinary Program in Artificial Intelligence, Seoul National University

Arctic sea ice has steadily declined under global warming, whereas Antarctic sea ice had slightly
increased until a sharp downturn began in 2016, reaching a record minimum in February 2023. Given the
critical role of the Antarctic sea ice in our climate system, making accurate predictions of future Antarctic
sea ice change is essential. Here, we developed a model to predict seasonal sea ice extent based on a
deep learning approach, employing U-Net. The model not only learned the persistence of sea ice but also
captured its interactions with the atmosphere and ocean based on their patterns, which enabled seasonal
prediction. It is shown that the present deep learning-based model show superior performance of seasonal
sea-ice predictability compared to numerical models. Additionally, to assess the impact of each variable
within the model, we applied a contribution map and observed the changes in the evaluation metrics to
determine their importance using XAl methods. In summer, the influence of meridional wind was more
pronounced, whereas in spring, the downward shortwave radiation had a greater impact. These research
findings are anticipated to significantly contribute to more accurate predictions of Antarctic sea-ice change
and to improved understanding of future Antarctic sea-ice variability.

Keywords: Antarctic, Seaice, Deep learning

195



2025 S| 4] Yo1Ee] A VIS sie] X5
Proceedings of the Autumn Meeting of KMS, 2025 /

SEMM 3 /8L ofl= 2

Impact of assimilating CryoSat—2 and SMOS winter Arctic sea ice
thickness on summer sea ice area

Jeong—Gil Lee!, Yoo—Geun Ham'!?, and Daehyun Kang?

"Environmental Planning Institute, Seoul National University
’Department of Environmental Management, Graduate School of Environmental Studies,
Seoul National University
3Center for Climate and Carbon Cycle Research, Korea Institute of Science and Technology

This study investigates how assimilating CryoSat-2 (CS2) and Soil Moisture and Ocean Salinity
(SMOS) sea ice thickness (SIT) data into the CICE5 model influences Arctic summer sea ice area (SIA)
simulations. Assimilation of CS2 data (CS2 _DA) reduces negative SIT biases in the central Arctic Ocean,
thereby mitigating the underestimation of summer SIA and sea ice volume (SIV). By contrast, SMOS data
assimilation (SMOS _DA) corrects positive SIT biases in the marginal ice zones through ice thinning but
amplifies pan-Arctic negative biases, worsening the underestimation of summer SIA.

Changes in the summer mean state also affected the interannual variability of summer SIA, an effect
closely tied to differing seasonal links between winter SIV and summer SIA. CS2 _DA, with a weak link,
degraded the simulation of summer SIA variability, while SMOS _ DA, with a stronger link, improved it. A case
study for summer 2020 further demonstrated that CS2 _DA, due to thicker SIT, produced weaker negative
SIT and sea ice concentration (SIC) anomalies in the Siberian Arctic Ocean, while SMOS _ DA generated
clearer SIC anomalies and a more realistic seasonal evolution.

Summer SIC variability was found to be inversely related to winter SIT, with the mean winter SIV strongly
constraining summer SIA and SIC through thermodynamic melting processes. This suggests a threshold-
like behavior, whereby excessively thick winter SIT suppresses interannual variability while thinner winter
SIT amplifies it. These findings underscore the importance of balancing SIT bias correction and variability
representation in assimilation strategies. Moreover, they highlight that accurate initialization of winter SIT is
critical for enhancing the skill of seasonal sea ice predictions.
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Changes in atmospheric and oceanic contributions to Antarctic sea ice
variability during triple—dip La Nifia events

Daehyuk Kim!, Taekyun Kim?, Emilia Kyung Jin3, Sung—Ho Choo?,
Jae—Hong Moon!?, Hyeonsoo Cha!

!Center for Sea—Level Changes, Jeju National University
’Department of Earth and Marine Science, Jeju National University
*Department of Policy and Partnership, Korea Polar Research Institute

In recent decades, Antarctic sea ice extent (SIE) exhibited a modest increasing trend, which was abruptly
interrupted in 2016/17, indicating a potential regime shift. Since then, the SIE has remained persistently
below the long-term average, reaching record-low levels in 2022 and 2023. Numerous mechanisms have
been proposed to explain Antarctic sea ice variability, but the Antarctic region has recently experienced
unusual atmospheric and oceanic conditions, including a continuously positive SAM index, subsurface
ocean warming, and a triple-dip La Nifia event. These conditions have driven unprecedented changes
in sea ice, highlighting the need to better understand the relative roles of atmospheric and oceanic
processes in controlling variability. In this study, we use a standalone sea ice model to examine changes
in the contributions of atmospheric and oceanic forcing before and after the potential regime shift. Our
results show that atmospheric forcing predominantly controlled sea ice variability prior to the recent triple
La Nifia period (2020-2023). However, during this period, atmospheric forcing alone failed to reproduce
the observed variability, particularly in the Ross and Amundsen Seas during the austral summer. Despite
the onset of summer, sea ice melting remained weak due to cold air temperatures, emphasizing the
growing influence of oceanic processes in driving Antarctic sea ice variability. These findings underscore
the importance of considering both atmospheric and oceanic factors when assessing future changes in
Antarctic seaice.

Keywords: Antarctic sea ice variability, triple-dip La Nifia events, standalone sea ice model, atmospheric
and oceanic forcing
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Accelerated Loss of Polar Sea Ice and its Implications:
Insights from the FAST and SAFE—-SEA Projects

Emilia Kyung Jin

Department of Policy & Partnership, Korea Polar Research Institute (KOPRI)

The rapid decline of sea ice in both the Arctic and Antarctic has long been a central issue in polar science,
carrying profound environmental and socioeconomic implications. The shrinking sea ice cover reduces
Earth’s albedo, thereby accelerating global warming, while also amplifying risks such as coastal damage
from extreme waves and the stranding of vessels by drifting ice. Recent studies indicate that Arctic seaice is
melting at a rate faster than projected by CMIP6 scenarios, raising the likelihood of an ice-free Arctic Ocean
much earlier than anticipated. Simultaneously, the unprecedented Antarctic sea ice loss observed in recent
years has emerged as one of the most immediate indicators of climate change, threatening ecosystems
such as penguin habitats and fisheries, as well as the safety of scientific operations in the region.

In response, the Korea Polar Research Institute (KOPRI) has launched new initiatives to address sea
ice decline in both hemispheres. In April 2025, the FAST (Forecasting Antarctic Sea ice Trend) project was
initiated to establish advanced observation systems, investigate melt processes, improve sea ice model
performance, and develop Al-based long-term prediction systems for Antarctic sea ice. The project aims
to deliver detailed seasonal outlooks, support Korea’s climate monitoring and prediction frameworks, and
contribute officially to the international SIPN South program. Building upon this foundation, the SAFE-SEA
(Sustainable Arctic Forecasting for Environment and Safe, Eco-friendly Navigation) project will commmence
in 2026 to develop and operate an observation-based Korean Arctic shipping route model. SAFE-SEA seeks
to generate environmental datasets aligned with Polar Code requirements and to produce short- and long-
term navigation scenarios on annual and monthly scales for Arctic shipping routes.

Keywords: Seaice decline, Arctic, Antarctic, Climate change, Al-based prediction, Polar navigation
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