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SM1. Atmospheric response to Arctic sea ice loss in the first and the second year of the 
experiments 
 

As described in the main text in section 2.b, our perturbed experiments consist on a set of 100 
members defined randomly from the control experiment. Each member contains two wintertime periods 
of interest. We analysed the ensemble mean of the atmospheric response for each year separately and 
checked the statistical significance of the difference between the two years. We show in Fig. S1 the 
results for the zonal-mean zonal wind response. As in the rest of the study we use monthly means defined 
from November to February.  

The atmospheric response during the second year has generally a stronger amplitude than the 
first year, especially in December for the subtropical jet stream in the troposphere. This is consistent 
with a small increase in the magnitude of sea ice loss the second year as described in the main text. 
However, we find that the differences between the two years are not statistically significant. Hence, in 
the whole paper we consider that the two years are statistically independent and analyse the ensemble 
mean of 200 members (100 members x 2 years), providing a more robust atmospheric response. 
 
SM2. Seasonal atmospheric response to Arctic sea ice loss 
 

The seasonal response of the zonal-mean zonal wind and near-surface air temperature are 
provided in Fig. S2, for comparison with the respective monthly responses depicted in Fig. 4c and Fig. 
6a. The seasonal mean underestimates the amplitude of the zonal wind response that occurs in 
November-December in the troposphere and in the stratosphere. At monthly time scales, the weakening 
of the lower part of the polar vortex core is visible only in December and it is found up to 10 hPa. This 
response is masked when taking seasonal means, with the weakening extending only up to 50 hPa. Note 
that considering the FDR of Wilks (2016), with aFDR = 0.05, decreases the statistically significant areas. 
Taking into account the FDR is therefore important not to overestimate the signal that is statistically 
significant.  

Similarly, using inappropriate seasonal means can mask the cooling over central Asia that first 
appears in December in the near-surface atmospheric temperature response (e.g. OND as shown in Fig. 
S2). Considering the response at monthly time scales, as done in this study, is therefore more appropriate 
to describe properly the processes at play in the atmospheric response to Arctic sea ice loss. 
 
SM3. Effect of the ensemble size on the robustness of the near-surface temperature response 
 

The near-surface winter (JFM) temperature response using different ensemble member sizes is 
shown in Fig. S3. The first 40, 80 and 120 were selected among the 200 members. Increasing the number 
of members decreases the intensity and spatial extent of the cooling found over central Asia. It also 
increases the intensity of the warming found over eastern North America and eastern Europe. The 
statistical significance of the central Asia cooling is intermittent, while the warming over eastern North 
America and eastern Europe is more robust with an increased number of members. This highlights the 
difficulty to detect a robust response given the large internal variability and the need to use large 
ensemble sizes. 

 
Reference: 
Wilks, D., 2016, “The stippling shows statistically significant grid points”: How research results are 
routinely overstated and overinterpreted, and what to do about it. Bulletin of the American 
Meteorological Society, 97 (12), 2263-2273. 

 



 

 
Fig. S1. Monthly response of zonal-mean zonal wind (m/s) from November to February 

averaged over the initial 100-member ensemble. The first and second rows respectively correspond to 
the first and second year of the experiments. The third raw shows the difference between the two years 
(second minus first year). Contours: control climatology (interval: 8 m/s). Dots: statistically significant 
grid points with p-values < 0.05 using the two-sided Student's t test and False Discovery Rate (Wilks 

2016). 
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Fig. S2. Seasonal response of (a) zonal-mean zonal wind (m/s) and (b) near-surface air 

temperature (°C) in summer (JAS), autumn (OND), winter (JFM) and spring (AMJ). Contours in (a): 
control climatology (interval: 8 m/s). Dots: statistically significant grid points with p-values < 0.05 using 
the two-sided Student's t test and False Discovery Rate (Wilks 2016). Crosses in (a) show areas that are 
not significant anymore when using the FDR.  

 

 
Fig. S3. Near-surface air temperature response in winter (JFM) using 40, 80, 120, 200 ensemble 

members (°C). Dots: statistically significant grid points as described in Fig. S1. 
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