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Introduction

Sea ice is comprised
of frozen seawater

as either: Stationary fast ice

Moving pack ice

‘6 Each year around Antarctica,
sea ice transforms a vast area
of the Southern Ocean surface,
covering up to

19-20 million km 2

at its maximum extent in
September (~4% of Earth's
surface) before diminishing to

3-4 million km?2

in February. ” . Sea ice in February

. Sea ice in September

Better knowledge of Antarctic sea-ice characteristics and processes,
interactions and feedbacks is needed for more accurate
representation of the coupled Earth system in climate models.

This will help reduce uncertainties in predictions of Antarctic sea ice

'YLy N:{eapitl PHYSICAL ROLE
AV W 40 AND FUNCTION

Sea ice plays multiple key roles in the Antarctic and Southern Ocean
environment, weather and global climate system by

Reflecting solar
radiation {

Regulating the
uptake and
storage of heat
and CO, by the
Southern Ocean

S

Modulating the ocean
freshwater budget and
influencing ocean
properties

Insulating the 29
upper ocean

Reducing air-sea
exchanges and the
transfer of
momentum from
wind energy

Playing a key Interacting with
role in y oy ice shelf melting
biogeochemical U and stability .
cycling and and iceberg @8
biogenic gas production
production
[ .| global ocean
'\ circulation through
its production of
dense salty water



Introduction
Positive trend in Antarctic SIE & > Many factors, experiments with single forcings can help! @
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Introduction

' Warning: models have limitations in the Southern Ocean...

(d) Antarctic SIE Anomaly in September
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Methods

Experiments
Model
Historical | hist-GHG | hist-aer | hist-totalO3

ACCESS-ESMI-5 40 10 10
CanESM5 65 50 30 10

CMCC-CM2-SR5 10 10 10

CNRM-CMo-1 30 10 10
GISS-E2-1-C 40 40 40 40
HadGEM3GC31-LL 55 55 55 50

IPSL-CM6A-LR 33 10 10
MIROCG6 50 50 10 10
MPI-ESM1-2-LR 50 30 30 30
NorESM2-LM 43 23 23 20




Methods

tological cycle of total SIE
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L
Methods

Experiments
Model
Historical | hist-GHG | hist-aer | hist-totalO3
ACCESS-ESMI1-5 40 10 10
CanESM5 65 50 30 10
CMCC-CM2-SR5 10 10 10 * 9 models
CNRM-CM6-] 30 10 10 " SwithtotalO3
experiment
GISS-E2-1-G 40 40 40 40
HadGEM3GC31-LL 55 55 55 50
IPSL-CMG6A-LR 33 10 10
MPI-ESM1-2-LR 50 30 30 30
NorESM2-LM 43 23 23 20




Methods

Forcing responses: Difference between 1980-2014 (present) and 1850-1884 (pre-industrial).
Multi-model mean: equal weight for each model.

Model Agreement: stippling when >80% models match.

Timeseries: 1850 to 2014

Trends: 1980-2014, compared with observations (OSI-SAF)



Results: time series
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Results: trends 1980-2014

SIE trend in historical
0.2 A
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> 0.1+
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members w —0-17 | * Most members do not capture the observed
~0.21 trend and simulate a negative one &
historical o
0.2 4 * ...Butsome show a positive trend!
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Results: trends 1980-2014

. historical hist-GHG
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Results: trends 1980-2014

. historical hist-aer
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Results: trends 1980-2014

. historical hist-totalO3
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Results: SIC maps (present)-(pre-industrial)

Multi-model mean (1980-2014)-(1850-1884)

Summer (DJF) 0°

s Historical Hist-GHG Hist-aer Hist-totalO03

climatological sea ice edge ' ‘ ] ’ ] ] ]
from obs ('] 979-201 4) : 5 : : -24 -16 -08 0 0.8 1.6
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Results: SIC maps (present)-(pre-industrial)

Multi-model mean (1980-2014)-(1850-1884)
Historical Hist-GHG Hist-aer Hist-totalO3

* historical & hist-GHG:
similar patterns,
homogeneous
decrease

* hist-aer:
regional differences,
lack of significance @

 hist-totalO3:
small decrease

24 -16 -08 0 08 16 24
Sea Ice Concentration (%)



Results: SIC maps (present)-(pre-industrial)

Multi-model mean (1980-2014)-(1850-1884)
Historical Hist-GHG Hist-aer Hist-totalO3

Increase in Weddell
Sea in all experiments,
but not significant.
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Results: SIC maps (present)-(pre-industrial)

Single models (annual mean) in hist-aer

Hist-aer (1980-2014)-(1850-1884)
ACCESS-ESM1-5 CMCC-CM2-SR5 HadGEM3-GC31-LL IPSL-CMBA-LR MPI-ESM1-2-LR

CNRM-CM6-1 Multi-Model Mean

96 -88 -8 -72 -64 -56 -48 -4 -32 -24 -16 -08 0 08 16
Sea Ice Concentration (%)



Results: comparison with atmosphere

* historical, hist-GHG,
hist-totalOa3:
positive SAM-like

24 -16 -08 0 08 16 2 : i ; ; . response

Sea Ice Concentration (%)

Sea Level Pressure « hist-aer:

negative SAM, also lacking
significance

> See also Ghyslaine’s
talk on the SAM




Results: comparison with ocean
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* historical, hist-GHG:
. warming trend
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historical hist-GHG -~ hist-aer =~ hist-totalO3 ° hiSt-aer:
slight cooling
'o (b) SST (Deg C) 30S-80S

* hist-totalO3: no net trend,
but because of dipolar
pattern
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Summary

In the “ models’ world”, there is a decrease in seaice in the present period:
* The decrease is mostly driven by GHG v ¥ ¥
* Ozone contributes to the decrease v

* Aerosols seem to have an opposite or neutral effect =, but there is large uncertainty

Sea ice response consistent with atmosphere (and ocean) responses

It is challenging to apply these conclusions to the “real world”, since most
models/members fail in capturing the observed positive trend...

Still, we can learn a lot from these experiments!



