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Section 1: Model description 

Figure S1: Spatial correlations between detrended and deseasonalised Nino 3.4 sea surface temperature (Rayner et al., 2003) 

(October-March) and mean sea level pressure for austral winter (June-August; Panel A), spring (September-November; 

Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 2011) 

for the period 1979-2015. Significance pfield < 0.05. 35 

Figure S2: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-

180˚E) mean sea level pressure and hemispheric mean sea level pressure for austral winter (June-August; Panel A), spring 
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(September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA 

Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 

Figure S3: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-

180˚E) mean sea level pressure and hemispheric surface zonal wind stress for austral winter (June-August; Panel A), spring 

(September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA 5 

Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 

Figure S4: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-

180˚E) mean sea level pressure and hemispheric surface meridional wind stress for austral winter (June-August; Panel A), 

spring (September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using 

ERA Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 10 

Figure S5: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-

135˚W) mean sea level pressure and hemispheric surface meridional wind stress for austral winter (June-August; Panel A), 

spring (September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using 

ERA Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 

Figure S6: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-15 

135˚W) mean sea level pressure and hemispheric surface zonal wind stress for austral winter (June-August; Panel A), spring 

(September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA 

Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 

Figure S7: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-

135˚W) mean sea level pressure and hemispheric surface meridional wind stress for austral winter (June-August; Panel A), 20 

spring (September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using 

ERA Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 

Figure S8: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-

180˚E) mean sea level pressure and National Snow and Ice Data Center (NSIDC) sea-ice concentration data 

(https://nsidc.org/data) for austral winter (June-August; Panel A), spring (September-November; Panel B), summer 25 

(December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 2011) for the period 1979-

2015. Significance pfield < 0.05. 

Figure S9: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-

135˚W) mean sea level pressure and National Snow and Ice Data Center (NSIDC) sea-ice concentration data 

(https://nsidc.org/data) for austral winter (June-August; Panel A), spring (September-November; Panel B), summer 30 

(December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 2011) for the period 1979-

2015. Significance pfield < 0.05. 

Figure S10: Dumont D’Urville (DDU) monthly-resolved wind speed record (knots; Panel A knots) and detrended and 

deseasonalised spatial correlation with September-November mean sea level pressure (Panel B), meridional (Panel C) and 
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zonal wind stress (Panel D) from ERA Interim (Dee et al., 2011), and NSIDC sea ice concentration for the period 1979-

2015. Significance pfield < 0.05. Location of Cape Denison denoted by ‘CD’. 

Figure S11: Statistically significant correlation between monthly average wind speeds between Dumont D’Urville and Cape 

Denison. A description of the dominant katabatic winds across the region are described by Kidson (1946) and Parish and 

Walker (2006) 5 

Figure S12: Simulated LOVECLIM changes in sea ice extent (solid green line) with 1s envelope (light green) off George V 

Land (GV; 70˚-60˚S, 150˚ to 180˚E) for austral winter (June-August; Panel A), spring (September-November; Panel B), 

summer (December-February; Panel C) and autumn (March-May; Panel D) (Zunz and Goosse, 2015). 

Figure S13: Simulated LOVECLIM changes in sea ice extent (solid green line) with 1s envelope (light green) in the west 
Amundsen Sea (AS; 70˚-60˚S, 100˚ to 150˚W) for austral winter (June-August; Panel A), spring (September-November; 10 
Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) (Zunz and Goosse, 2015). 
References 
  



4 
 

Section 1. Model description 

LOVECLIM1.3 includes representations of vegetation (VECODE) (Brovkin et al., 2002), atmosphere (ECBilt2) (Opsteegh 

et al., 1998), and the ocean and sea ice (CLIO3) (Goosse and Fichefet, 1999). The ocean model is coupled to a sea-ice model 

with a horizontal resolution of 3˚×3˚ and 20 unevenly spaced vertical levels, with the three-level quasi-geostrophic 

atmospheric model having a horizontal resolution approximating 5.6˚ × 5.6˚ (T21). The vegetation component simulates the 5 

evolution of trees, grasses and desert, with the same horizontal resolution as ECBilt2. The experiments analysed here cover 

the period 1850-2009, driven by historic CMIP5 simulations for anthropogenic (greenhouse gas, sulphate aerosols, land use) 

and natural (solar and volcanic) forcings (Taylor et al., 2011). In order to take into account the long memory of the Southern 

Ocean, the initial conditions are derived from a numerical experiment covering the years 1–1850 using the same forcings 

(Goosse and Renssen, 2005). A simulation with data assimilation technique based on particle filtering (Goosse et al., 2006; 10 

Dubinkina and Goosse, 2013) and without additional freshwater flux from 1850 to 2009 was analyzed here (DA_NOFWF) 

(Zunz and Goosse, 2015). The model was forced to follow the observations of surface temperature from the HadCRUT3 

dataset (Brohan et al., 2006). 

 

 15 
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Figure S1: Spatial correlations between detrended and deseasonalised Nino 3.4 sea surface temperature (Rayner et al., 2003) 
(October-March) and mean sea level pressure for austral winter (June-August; Panel A), spring (September-November; Panel B), 
summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 2011) for the period 
1979-2015. Significance pfield < 0.05. 5 
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Figure S2: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-180˚E) 
mean sea level pressure and hemispheric mean sea level pressure for austral winter (June-August; Panel A), spring (September-
November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 
2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S3: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-180˚E) 
mean sea level pressure and hemispheric surface zonal wind stress for austral winter (June-August; Panel A), spring (September-
November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 
2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S4: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-180˚E) 
mean sea level pressure and hemispheric surface meridional wind stress for austral winter (June-August; Panel A), spring 
(September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim 
(Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S5: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-135˚W) 
mean sea level pressure and hemispheric surface meridional wind stress for austral winter (June-August; Panel A), spring 
(September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim 
(Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S6: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-135˚W) 
mean sea level pressure and hemispheric surface zonal wind stress for austral winter (June-August; Panel A), spring (September-
November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim (Dee et al., 
2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S7: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-135˚W) 
mean sea level pressure and hemispheric surface meridional wind stress for austral winter (June-August; Panel A), spring 
(September-November; Panel B), summer (December-February; Panel C) and autumn (March-May; Panel D) using ERA Interim 
(Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S8: Spatial correlations between detrended and deseasonalised extracted southwest Pacific (SWP; 50˚-60˚S, 160-180˚E) 
mean sea level pressure and National Snow and Ice Data Center (NSIDC) sea-ice concentration data (https://nsidc.org/data) for 
austral winter (June-August; Panel A), spring (September-November; Panel B), summer (December-February; Panel C) and 
autumn (March-May; Panel D) using ERA Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 5 

 

A.

C.

B.

D.

June-July-August September-October-November

December-January-February March-April-May



13 
 

 

Figure S9: Spatial correlations between detrended and deseasonalised extracted Amundsen Sea region (AS; 70˚-55˚S, 95-135˚W) 
mean sea level pressure and National Snow and Ice Data Center (NSIDC) sea-ice concentration data (https://nsidc.org/data) for 
austral winter (June-August; Panel A), spring (September-November; Panel B), summer (December-February; Panel C) and 
autumn (March-May; Panel D) using ERA Interim (Dee et al., 2011) for the period 1979-2015. Significance pfield < 0.05. 5 
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Figure S10: Dumont D’Urville (DDU) monthly-resolved wind speed record (knots; Panel A knots) and detrended and 
deseasonalised spatial correlation with September-November mean sea level pressure (Panel B), meridional (Panel C) and zonal 
wind stress (Panel D) from ERA Interim (Dee et al., 2011), and NSIDC sea ice concentration for the period 1979-2015. Significance 
pfield < 0.05. Location of Cape Denison denoted by ‘CD’. 5 
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Figure S11: Statistically significant correlation between monthly average wind speeds between Dumont D’Urville and Cape 
Denison. A description of the dominant katabatic winds across the region are described by Kidson (1946) and Parish and Walker 
(2006). 

 5 

Figure S12: Simulated LOVECLIM changes in sea ice extent (solid green line) with 1s envelope (light green) off George V Land 
(GV; 70˚-60˚S, 150˚ to 180˚E) for austral winter (June-August; Panel A), spring (September-November; Panel B), summer 
(December-February; Panel C) and autumn (March-May; Panel D) (Zunz and Goosse, 2015). 
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Figure S13: Simulated LOVECLIM changes in sea ice extent (solid green line) with 1s envelope (light green) in the west 
Amundsen Sea (AS; 70˚-60˚S, 100˚ to 150˚W) for austral winter (June-August; Panel A), spring (September-November; Panel B), 
summer (December-February; Panel C) and autumn (March-May; Panel D) (Zunz and Goosse, 2015). 5 
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