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Supp. Figure 1 (Relationship between accumulated winter snowfall and snow depth over 9 

first-year sea ice): (a) The interannual relationship between wintertime (NDJFM) snowfall 10 

accumulation (abscissa; cm) and snow depth (ordinate; cm) from 1979–80 to 2017–18, 11 

averaged over the first-year sea ice of the Eurasian sector of the Arctic. The red line is a linear 12 

regression line. (b) October sea ice concentration (shadings) averaged from 1979 to 2018 and 13 

the estimated first-year sea ice region (hatches). If the October sea ice concentration of a grid 14 

point is smaller than 15% in a specific year, the grid point is defined as a region of first-year 15 

sea ice, and the grids satisfying this condition for at least for one year are hatched in (b).  16 
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Supp. Figure 2 (Snowfall anomalies during the large snowfall winters): The regression map 20 

of winter snowfall anomalies for (a) ERA5, (b) JRA55, (c) MERRA2 and (d) CFSR. The 21 

interannual variation of winter snowfall of each grid point is regressed against the interannual 22 

variation of winter snowfall averaged over the Eurasian sector of the Arctic. Panel (a) is 23 

identical to Fig. 4b.  24 
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Supp. Figure 3 (The impact of the anomalously large winter snowfall over the Atlantic 31 

sector of the Arctic on seasonal ice thickness): (a) The interannual variations of wintertime 32 

(NDJFM) snowfall (cm) in ERA5, JRA55, MERRA2 and CFSR, averaged over the Atlantic 33 

sector of the Arctic (red line in (b)). The red-dashed line in (a) is a linear regression line for the 34 

ERA5 winter snowfall. (b) Composite map of winter snowfall anomalies and the composite 35 

map of (c, d, e) seasonal ice thickness responses in (c) Dec–Feb, (d) Mar–May, and (e) Jun–36 

Aug to anomalously large winter snowfall (per one standard deviation anomaly) over the 37 

Atlantic sector, during the winters of 1982/83, 1992/93, 1994/95, 1999/00, 2004/05, 2005/06, 38 

2007/08, 2011/12 (red circles in (a)).  39 

Here, the sea ice thicknening to the anomalously large snowfall appears only in the extreme 40 

snowfall years. The simple linear regression between the winter snowfall anomalies over the 41 

Atlantic sector of the Arctic and the seasonal sea ice thickness does not produce any statistically 42 

significant sea ice thickness responses, probably because of the compensation between the 43 

snow insulation effect and the snow-ice formation.  44 
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Supp. Figure 4 (CESM2 simulation vs Observations. Same as Fig. 1 except for our CESM2 47 

– full ocean model simulation): The year-to-year variations (a) late summer (Aug–Sep) Arctic 48 

sea ice extent simulated by CESM2 (blue line) and from NSIDC observations (black line), and 49 

(b) the wintertime (NDJFM) mean snow depth simulated by CICE (blue), PIOMAS (black) 50 

and NESOSIM (red). The climatological mean seasonal (monthly) variations of (c) sea ice 51 

extent and (d) sea ice volume. In (c, d), blue shadings indicate the minimum/maximum ranges 52 

of sea ice extent and volume simulated by CESM2, and gray shadings indicate the 53 

minimum/maximum ranges of (c) NSIDC observed sea ice extent and (d) PIOMAS sea ice 54 

volume. 55 
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Supp. Figure 5 (Mixed layer depths of the Arctic Ocean): The seasonal mixed layer depth 60 

(m) for the slab ocean used in CICE6 (thick blue line). Thick black-dotted line is the Arctic 61 

average mixed layer depth of C-GLORS. Thin dotted lines with color circles are from 62 

hydrographic observations over the Chukchi Sea (aqua), Southern Beaufort Sea (red), Canada 63 

Basin (green) and the Eurasian Basin (purple). Because there is a large discrepancy between 64 

C-GLORS and hydrographic observations in winter, we imposed mixed layer depths of 65 

40~45 m in winter, which falls approximately between G-GLORS and hydrographic 66 

observations. 67 
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Supp. Figure 6 (SSTs over the sub-Arctic seas): (a) The interannual variations of the annual 76 

mean SSTs averaged over the Atlantic (red line) and the Pacific sector of the Arctic (blue line). 77 

(b) The annual mean SSTs (shadings). Stippling denotes the portion of the Arctic Ocean where 78 

the slab ocean model is coupled to the sea ice model. 79 
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