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Table S1: Details of the Eight Atmospheric models used for the analysis 

Model 
Name 

CESM
2-

WACC
M6 

LMDZO
R6 

CAM6-
Nor 

EC-
Earth3 

CMCC-
CM2-
HR4 

ECHAM
6.3 

HadGE
M3       

IAP4 Multi-model 
ensemble 

Institution WHOI-
NCAR 

LOCEA
N-IPSL 

NERS
C 

DMI CMCC MPI-M UoS NZC/IA
P 

-- 

Horizontal 
resolution 

(lat x lon) 

0.95o x 
1.25o 

(~100 
km) 

1.26o x 
2.5o  

(~150 
km) 

0.94o x 
1.25o 

(~100 
km) 

T255 
(~80 
km) 

0.9° x 
1.25° 
(~100 
km) 

T127 
(~100km

) 

0.83o x 
0.55o 

(~60 km) 

~1.4 o x 
1.4 o 

Interpolated 
to 1.26o x 
2.5o (~150 

km) 

# of vertical 
levels 

(top level)  

70  
(0.001 
hPa) 

79 
(0.01 
hPa) 

32 
(3.4 
hPa) 

91 
(0.01 
hPa) 

30 
(2 hPa) 

95 
(0.01hPa

) 

85 
(85 km) 

30 
(2.2hPa) 

-- 

# of 
ensemble 
members 

30 30 20 20 10 10 10 15 145 

Adjustment 
of SST/SIC 

Yes Yes Yes Yes No Yes No Yes -- 

CMIP6 
External 
Forcing 

used 

CMIP6 HighRes
MIP 

CMIP6 CMIP6 HighRes
MIP 

CMIP6 HighRes
MIP 

1979-
2005: 

CMIP5 
historical 

2006-
2015: 

CMIP5 
RCP8.5 

-- 

Reference Gettel
man et 

al., 
2019     

Hourdin 
et al., 
2020  

Bentse
n et al., 
2013 

Haarsm
a et al., 
2020 

Cherchi 
et al., 
2019 

Stevens 
et al., 
2013 

Müller et 
al., 2018 

Walters 
et al., 
2019 

Sun, H. 
C., G. Q. 

Zhou, 
2012 

Liang et al., 
2020 
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Fig S1 In the ERA5 reanalysis for the period 1980 to 2022 a) The EOF1 of observed winter 
(December-to-February) Northern Hemisphere (NH, 20°N-90°N, 180°W-180°E) SLP variability 
(known as Arctic Oscillation, AO) in hPa. b) the EOF1 of the observed winter Eurasian SAT 
variability in Kelvin (in shading) and contours show the associated sea level pressure anomaly, 
representing the AO. The top right of the figures mentions the explained variances. c) Associated 
time series of the PC1 NH SLP variability (in black) and the PC1 of the Eurasian SAT variability 
(in blue). The thin smoother time series represent the respective 5-year running means. 
 
 
 

a)

c)

b)
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Fig S2 a) In ERA5, DJF SAT trend for the period 1980 to 2014 (35 years) and b) 1980 to 2022 
(43 years) in K/year.  The trends in the yellow stippled regions are significant at a 5% level. 
 
 
 

 
 
 
Fig S3 The spatial patterns (in shading) of the a) EOF1 and b) EOF2/WACE of winter (DJF) 
SAT variability over Eurasia (20°-90°N,0-180°E) in the ERA5 (1980-2014). The upper right 
corners of each panel show the explained variance. The EOF patterns are scaled to correspond 
to the one standard deviation variation of the respective PC time series and thus have units in K. 
The black contours are the SLP (in hPa) fields associated with the respective EOFs, derived by 
regression of the SLP field on the respective normalised PC time series. 
 

a) b)

a) b)
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Fig S4 The EOF2 SAT/WACE pattern of variability (in shading) and its associated SLP pattern 
(in contours) in each model for ALL and SICclim experiments. The explained variance in each 
model are mentioned at the top right. 
 

                           
  
Fig S5 Power spectrum of the winter BKS SIC anomaly (in blue) from HadISST1 from 1980 to 
2014. The 95% confidence bound of the associated Markov spectrum is shown in a blue dashed 
line. 

EOF2 SAT ALL

EOF2 SAT SICclim
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Fig S6  Distribution of the correlation coefficient between Eurasian winter PC1 SAT and Arctic 
Oscillation (AO) in the multi-model large ensemble members for experiments ALL and SICclim. 
The multi-model ensemble median (orange line), interquartile range (green box) and full spread 
(whiskers) are shown through a box plot. The green triangles show the multi-model ensemble 
mean of the correlation. The horizontal black line indicates the same correlation in ERA5. The 
open circles show the outliers. 
 

 
 
Fig S7: The distribution of the a) Northern Hemisphere (0°-90°N, 0°-360°E) mean surface 
temperature (NHMST) trend and b) Central Eurasian (black box region in figure 2c,d, 45°N-
65°N, 70°E-120°E) mean surface temperature trend in the multi-model large ensemble (145) 
members for ALL and SICclim. The multi-model ensemble median (orange line), interquartile 
range (green box) and full spread (whiskers) are shown through a box plot. The green triangles 
show the multi-model ensemble mean. The circles show the outliers. The horizontal black line 
indicates the same in ERA5 with its 95% confidence interval (light-shaded area). The units are in 
K/year. 
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