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Motivation
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Scientific Questions

Wil a simulated Antarctic sea ice expansion render the Southern Ocean
surface cool, or the other way around, given ice-ocean coupling?

Or more specifically, to what extent can the bias of Antarctic sea ice trend
account for the bias of Southern Ocean SST trend during the three to four

decades since the satellite era”?

How will the Antarctic sea ice expansion assoclate with other components of
Farth’s climate system?

Liu, W. (2025a) Simulated Antarctic sea ice expansion reconciles climate model with observation. npj Climate
and Atmospheric Science, 8, 4.

Liu, W. (2025b) Linking Antarctic sea ice expansion to high-latitude Southern Ocean surface cooling and
salinification. The Innovation Geoscience, 3, 100128-1.



Antarctic sea ice expansion due to natural sea-ice variability
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* Historical ensemble simulations with multiple
climate models show that sea-ice natural
variability enables the models to simulate an
Antarctic sea ice expansion during 1979-2014
under anthropogenic forcings

* This highlights the variability mechanism in an
approach without interfering the natural
atmosphere-ice-ocean coupling, thus different
from many previous studies



Linked to high-latitude Southern Ocean SST cooling
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Improved simulation of subsurface temperature change
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Antarctic sea ice expansion Is
accompanied by a significant
subsurface cooling off the
Antarctic coast to about 50°S,
mostly In the upper 100 m, and
enhanced warming beneath. This Is
perhaps due to a net northward
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ASIA (million km?)

Can all of these be proved due to sea ice?

1.5 P« |ncrease snow/ice emissivity in CESM1 by a time-evolving factor of
: : [1.2 + (year — 1979) x 0.05] over the Antarctic sea ice area under

_ historical+RCP45 scenario where year denotes the year index

0.5 1 * The modification of sea-ice/snow radiative properties can be viewed
as Ice forcing, adjusting the model to reflect the correct response of
Antarctic sea Ice to external forcing. This method allows for natural
atmosphere-ice-ocean coupling as well as investigation of the effect

of Antarctic sea ice on Southern Ocean SST and SSS
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Linked to high-latitude Southern Ocean surface
cooling and salinification

CESM1-ASI

* Antarctic sea ice expansion In CESM1-
AS| causes a notable SST cooling
primarily south of 60°S In the Southern
Ocean

* Antarctic sea ice expansion In CESM1-
| AS| also brings on a conspicuous
e /dncads INncreasing trend of surface salinity from
L the Antarctic coast to 60°S and a surface
e freshening trend north of 60°S in the
Southern Ocean, consistent with

observation

* This Is because sea Ice forms around the
Antarctic coast, moves northward due to
meridional wind drift, and melts in the
open ocean In lower latitudes

psu/decade

-0.04 -0.02 0 0.02




Conclusion

* Historical ensemble simulations with multiple climate models to show that sea-ice
natural variability enables the models to simulate an Antarctic sea ice expansion from
1979 to 2014 under anthropogenic forcings. Along with sea-ice expansion, Southern
Ocean surface and subsurface temperatures up to 50°S exhibit significant cooling
trends, both of which are consistent with observations.

* Neither the Southern Annular Mode nor the Interdecadal Pacific Oscillation can fully
explain the simulated Antarctic sea ice expansion over 197/9-2014, while the sea-ice
expansion Is closely linked to surface meridional winds associated with a zonal wave 3
pattern.

* Further Antarctic sea-ice perturbation experiment demonstrates the linkage between
Antarctic sea ice expansion and high-latitude Southern Ocean surface cooling and

salinification.
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Flux trend (W/m?/decade)

o
N

©
No

©
o

|
©
N

I
o
N

a Precipitation

1 1 | 1 1 | 1 1 | 1 1 | 1 1 | 1 1
_ - A N 7___
_‘_\’\/ \f\/\/\lv \/\/ R
1 1 l 1 1 l 1 1 l 1 1 l 1 1 l 1 1
90S 60S 30S 0 SON 60N 90N
Latitude (degree)
C | | | Atmo?pheric er|1ergy flux
J —TOA [
{1 — SFC -
] — TOA-SFC [
_Q(AAVAA/\/\W "t
1 1 l 1 1 l 1 1 l 1 1 l 1 1 l 1 1
90S 60S 30S 0 30N 60N 90N

Latitude (degree)

Flux trend (W/m?/decade)

Flux trend (W/m?/decade)

0.4

0.2

0.0

—-0.2

-0.4

0.4

Y

|
©
N

|
O
~

b | | TOA e?ergy flux
N sw
] lw
1 l 1 1 l 1 1 1 l
80S 60S 40S
Latitude (degree)
d | | SFC er|1ergy flux
— sw+lw
—— sh+lh

60S
Latitude (degree)

13



CESM1

L

120w

m/yr/decade

.
]
]
]
]
]

W

o

(-]

o

(-]
"
]
]
]
]
]
]
]
]
]

P R T 4

Ny - ~
Y U

CESM1-ASI

-0.15 -0.09 -0.03 0.03 0.09 0.15 0.21

-0.21

CESM1

N

CESM1-ASI

1x10®

I
[
[}

LSNPS

vk

90W 90E |---

-
EET O ST

)
%

»
.

x10%® m®/s/decade

—-0.63 —-0.45 -0.27 -0.09 0.09 0.27 0.45 0.63

14



