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Figure S1. Mean position (top) and standard deviation of the winter ice edge (bottom) in observations 
(in °, black) and in NEMO-ERA5 over the period 1985-2024 at two resolutions : 1/12° (orange) and in 
1° (blue). 

  



 

Figure S2. Top raw: Mean position of the winter ice edge in observations (in °, black) and in three high 
resolution coupled climate models. Bottom raw: standard deviation of the winter ice edge position  
(in °) in observations and for the same models. The period 1979-2025 is used for the observations and 
the last 30 years of the historical runs for the coupled model. Results are shown for the ICON-ESM-ER 
(blue), HadGEM3-GS5-HH (green) and IFS-FESOM-SR (magenta) models. The models all have an 
oceanic resolution of the order of 10 km globally, similar to the one of IFS-NEMO. Their oceanic, 
atmospheric and sea ice components are listed in Table S1. ICON-ESM-ER and IFS-FESOM-SR use FESIM 
as their sea ice component while HadGEM3-GS5-HH uses SI3. These three models are characterized by 
regions of very high variability of the ice edge position, with values that are out of the plotted ranges, 
that are associated with the opening of open ocean polynyas. This large local variability leads to an 
overestimation of the standard deviation of the sea ice extent in winter with values of 0.7 10 6 km2, 0.8 
10 6 km2, 1.9 10 6 km2, in HadGEM3-GS5-HH, ICON-ESM-ER and IFS-FESOM-SR respectively, compared 
to an observed estimate for the period 1979-2025 of 0.5 10 6 km2. In regions where models strongly 
underestimate the ice cover, like between 180 and 300°E in ICON-ESM-ER or between 0 and 50°E in 
HadGEM3-GC5-HH, the standard deviation of the ice edge position is also much lower than the 
observed one. By contrast, some of the observed peaks in the standard deviation of the ice edge 
position are well simulated close to the main bathymetric elements at 90°E and 220°E for instance. 
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Figure S3. a) Standard deviation of the winter ice edge position for the period 1995-2024 (in °, black) 
and mean Eddy Kinetic Energy (EKE, m2s-2) averaged in the region 10° northward of the mean ice edge 
(m2s-2 , in green) and in the region 2° northward of the mean ice edge (m2s-2 , in blue) in NEMO driven 
by ERA5. b) Same as a) for IFS-NEMO over the period 1979-2014. The link between the EKE and the 
standard deviation of the winter ice edge position is clear in both models but is stronger in IFS-NEMO, 
likely because this is a self-consistent data set while part of the variability is directly imposed by the 
forcing in NEMO driven by ERA5. 

  



Table S1: General characteristics of EERIE models’ components 

Model name ICON IFS-FESOM HadGEM3-GC5-
EERIE 

IFS-NEMO 

Ocean model ICON-O v2.6.6 FESOM 2.5 NEMO v4.0.4 NEMO v4.0.7 
Atmosphere 
model 

ICON-A IFS CY48R1 UM (Met Office 
Unified Model) 

IFS CY48R1 

Sea ice model FESIM FESIM SI3 SI3 
Horizontal 
resolution of the 
ocean model 

Unstructured 
icosahedral grid. 
5 km resolution 
globally. 

Unstructured 
grid, ~13 km at 
the equator, ~5.5 
km at 60° 

Tripolar grid, 
1/12°. 9.2 km at 
the equator, 4.6 
km at 60° 

Tripolar grid, 
1/12°. 9.2 km at 
the equator, 4.6 
km at 60° 

Number of 
vertical levels in 
the ocean model 

72 70 75 75 

Reference Hohenegger et 
al., 2023 

Ghosh et al., 2026 Roberts et al., 
2024 

Madec et al., 
2019, 
Vancoppenolle et 
al., 2023 

 

  



 

Supplementary discussion.  

 

Figure S4. Standard deviation of the winter ice edge position (in °, black) and mean meridional 
geostrophic velocity derived from monthly mean sea surface elevation (Dragomir 2024) averaged over 
the region 5° northward and 5° southward of the mean ice edge (m s-1 , in dotted blue) and standard 
deviation of the mean meridional geostrophic velocity averaged over the region 5° northward and 5° 
southward of the mean ice edge (m s-1 , in dotted green). The grey zones represent the longitude bands 
for which the standard deviation of the ice edge is larger than 1.2° for the period 1979-2025. 

 

The correlation between the standard deviation of the ice edge position and the mean meridional 
geostrophic velocity is low, with a value of 0.13 (Fig. S4). Nevertheless, a local maximum of the mean 
meridional geostrophic velocity is present a few degrees to the west of all the peaks in the standard 
deviation of the ice edge position. If we apply a shift of 13° to the east on the geostrophic velocity, the 
correlation with the standard deviation of the ice edge position reaches 0.46 (corresponding to the 
maximum lagged correlation for any longitudinal shift). This relatively high correlation is intriguing as 
there is no clear and established mechanism that would explain why a northward oceanic velocity 
would be associated with more variability of the ice edge a few degrees eastward and why southward 
current, which are bringing heat from the north, would have a much weaker influence. One possibility 
would be that those northward oceanic currents contribute more to the sea ice transport, potentially 
leading to more variability at the ice edge, than southward current, originating from warmer, 
potentially ice-free regions. However, neither the sea ice velocity nor its variance display peaks 
westward of the maxima in the standard deviation of the ice edge (Fig. 5) 

Another explanation of this asymmetry between the role of northward and southward currents could 
be the transport of colder water masses originating from the south that would favor a larger response 
of the sea ice to the atmospheric variability. This would be consistent with Spira et al. (2024) who show 
an export of Winter Water (the water close to the freezing point located just below the mixed layer in 
summer) mainly in the regions of northward meridional currents (see for instance their Fig. 10). 
Specifically, the presence of colder Winter Water or of a colder pycnocline could reduce the magnitude 
of the negative feedback (Martinson 1990) that stabilizes the sea ice cover, leading to a larger 
variability compared to regions under the influence of warmer water at depth originating from the 
north.  

Nevertheless, those two explanations are highly speculative at this stage and do not provide a clear 
justification for the about 10° shift between the meridional northward current and the high variability 



of the ice edge position. A more likely origin of the high correlation could be found on the influence of 
the topography on both the mean currents and the EKE. When the currents of the Southern Ocean 
encounter a topographic obstacle, they tend to be diverted northward (Rintoul, 2001; Patmore et al., 
2019; Jouanno and Capet, 2020) while EKE hotspots are present eastward of those topographic 
obstacles. This induces a shift of a few degrees between local maxima in meridional currents and EKE. 
As EKE has a large influence of the ice edge variability as discussed in the main text, this could explain 
the high correlation between the standard deviation of the ice edge position and the mean geostrophic 
velocity when a shift of about 10° is applied. 
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