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Figure S1.  (a) The yearly trend (%) of winter sea ice reduction in the Arctic Ocean during 1979–2017, (b) the winter averaged loading vector of the sea ice loss mode, (c) the corresponding PC (amplitude) time series, and (d) actual sea ice concentration in the boxed area (black curve), sea ice concentration according to the sea ice loss mode (red curve) and a projection (blue dashed curve) based on the exponential fit of the amplitude time series in (c). 


Figure S1a is obtained based on a linear trend of sea ice concentration at each grid point based on the ERA-Interim sea ice concentration from 1979–2017. This pattern is nearly identical with the sea ice loss mode identified by CSEOF analysis discussed in the main text (Fig. 1). Sea ice reduction is most conspicuous in the Barents-Kara Seas. The amount of sea ice reduction based on the sea ice loss mode is obtained by multiplying the loading vector (Fig. S1b) with its amplitude time series (Fig. S1c), resulting in Fig. S1d. As can be seen in Fig. S1d, the sea ice concentration change due to the sea ice loss mode (red curve) is similar to the actual data (black curve) with a fairly similar rate of trend. Sea ice cover in the Barents and Kara Seas was ~80 % in 1979 and is currently ~40 %.
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Figure S2.  The vertical profile of anomalous temperature and specific humidity over the region of sea ice reduction (21°–79.5°E  75°–79.5°N) in the Barents-Kara Seas.
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Figure S3.  The winter-averaged lower tropospheric (1000–900 hPa) patterns of variables: (a) specific humidity, (b) moisture transport, (c) moisture source (evaporation – precipitation), and (d) total (horizontal plus vertical) moisture source.  All the source terms are converted into specific humidity (g kg-1).  (e) Daily fluctuation of 1000–900 hPa averaged specific humidity (SH), evaporation minus precipitation (SRC), and horizontal moisture transport (ADV) averaged over the region of sea ice reduction (21°–79.5°E, 75°–79.5°N) in the Barents-Kara Seas (boxed area in Fig. 1a).  The straight lines represent the winter means of individual variables.
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Figure S4.  The winter-averaged lower tropospheric (1000–750 hPa) patterns of variables: (a) specific humidity, (b) moisture transport, (c) moisture source (evaporation – precipitation), and (d) total (horizontal plus vertical) moisture source.  All the source terms are converted into specific humidity (g kg-1).  (e) Daily fluctuation of 1000–750 hPa averaged specific humidity (SH), evaporation minus precipitation (SRC), and horizontal moisture transport (ADV) averaged over the region of sea ice reduction (21°–79.5°E, 75°–79.5°N) in the Barents-Kara Seas (boxed area in Fig. 1a).  The straight lines represent the winter means of individual variables.
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Figure S5.  The winter-averaged lower-tropospheric (1000–900 hPa) patterns of (a) total heat, (b) heat transport, (c) turbulent (sensible + latent) heat flux, and (d) greenhouse effect.  All the terms are converted into temperature anomalies (K).  (e) Daily fluctuation of 1000–900 hPa averaged temperature (AIR T), turbulent flux (FLX), radiation (RAD), and horizontal heat transport (ADV).  The thick red curve is the sum of turbulent flux and radiation (SRC).  The straight lines represent the winter means of individual variables. 
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Figure S6.  The winter-averaged lower-tropospheric (1000–700 hPa) patterns of (a) total heat, (b) heat transport, (c) turbulent (sensible + latent) heat flux, and (d) greenhouse effect.  All the terms are converted into temperature anomalies (K).  (e) Daily fluctuation of 1000–700 hPa averaged temperature (AIR T), turbulent flux (FLX), radiation (RAD), and horizontal heat transport (ADV).  The thick red curve is the sum of turbulent flux and radiation (SRC).  The straight lines represent the winter means of individual variables.  
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Figure S7.  (upper panel) The winter averaged lower tropospheric (1000–900 hPa) patterns of (a) total heating converted into temperature, and (b) atmospheric temperature.  (lower panel) The same as the upper panel except for the pressure level of 1000–700 hPa.
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