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b) Observed Arctic sea ice area loss
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Figure S1. (a) Seasonal maps of 1979-2020 linear trend in sea ice concentration (%) based
on merged Hadley-Optimum Interpolation (Ol) SIC (Had-Ol; Hurrell et al. 2008) data
updated through 2020. Summer, autumn, winter and spring seasons are defined to be the
average of July-September (JAS), October-December (OND), January-March (JFM) and
April-June (AMJ), respectively. (b) Observed Arctic sea ice area loss (10° km?) during
1979-2020; note the inverted y-axis scale.
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Figure S2. OND atmospheric response to future Arctic sea ice loss for: (a) Afutpdsst;
Afutruisst and (c) their difference. Two rows indicate (from top to bottom): SAT (shading;
°C) and precipitation (shading; mm day™?). Stippling indicates the 90% statistical
significance based on a two-sided student’s t-test and false discovery rate (FDR; Wilks
2016).
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Figure S3. Correlation of geopotential height response with U10 across the 1000
bootstrapped samples of 100-member averages. Rows 1-4 show the correlation of 10 hPa
DJF response and the 500-hPa, 850-hPa and 1000-hPa response in JFM, respectively.
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Figure S4. Regression analysis of JFM response onto U10 in Apastpdasst across the 1000

bootstrapped samples of 100-member averages. Rows 1-3 show the SLP (shading; hPa),
SAT (shading; °C) and precipitation (shading; mm day™) responses, respectively. Panels a,
b and ¢ show the Mean-2c, Mean+2c and their difference, respectively. The SLP responses
(contours; interval of 0.5 hPa) are overlaid on the SAT and precipitation panels. Red and
blue contours denote positive and negative values, respectively. Zero contour line has been
omitted. Stippling indicates the 90% statistical significance based on a two-sided student’s
t-test and false discovery rate.
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Figure S5. As in Fig. S4 but for the regression analysis of JFM response onto U10 in

Afutfutsst across the 1000 bootstrapped samples.
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Figure S6. Correlation of JFM (from top to bottom) SLP, SAT and precipitation responses
with U10 across the 1000 bootstrapped samples for (from left to right): Apastpiss;
ApastpdssT; Afutpasst and Afutfutsst.
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Figure S7. Regression analysis of eddy heat flux response onto U10 across the 1000
bootstrapped samples of 100-member averages for (from top to bottom): ApastpdssT;
Afutpasst and Afutsutsst. Panels a, b and ¢ show the Mean-2c, Mean+2c and their difference,
respectively. Stippling indicates the 90% statistical significance based on a two-sided
student’s t-test and false discovery rate. The climatologies (contours; interval of 15 Km s’
1y are overlaid on the panels a and b.
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Figure S8. Regression analysis of NDJ zonal wave-1 response at 300 hPa onto U10 in
across the 1000 bootstrapped samples for (from top to bottom): Apastpdsst; Afutpasst and
Afutrusst. Panels a, b and ¢ show the Mean-2o, Mean+2c and their difference, respectively.
The climatologies (contours; interval of 50 m) are overlaid on the panels a, b and c. solid
and dashed contours denote positive and negative values, respectively. Zero contour line
has been omitted.
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Figure S9. As in Fig. S8, but for the regression analysis of NDJ zonal wave-2 response at
300 hPa onto U10 in across the 1000 bootstrapped samples.
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Figure S10. Time series of zonal-mean zonal wind at 10 hPa and 60°N based on the NCEP-
NCAR reanalysis (solid black curve), ERA-40 (dashed blue curve) and ERA-Interim
(dashed red curve) datasets.

10



qu-OI Arctiq sea ice area in Nov-ll\/lar

13.0 :I | I 1 | =
125 - 2
g 120 4 3
e 11.5 E 3
> 11.0 = —
10.5 = -
10_0 _l T T T I T T T T I T T T T l T T T T I T T T T =
1980 1990 2000 2010 2020
PAMIP past sea 1971-2020
ice loss protocol linear change
(1.46) (1.44)

70 -50 -30 -20 -10 -5

Figure S11. (Top) Arctic sea ice area time series in November-March based on merged
Hadley-Optimum Interpolation (Ol) sea ice concentration (Had-Ol; Hurrell et al. 2008)
(black curve) and its linear trend (red dashed line) during 1971-2020. (Bottom) November-
March averaged Arctic SIC loss (%) in the PAMIP past sea ice loss protocol (left) and
observed linear change during 1971-2020. The numbers on the parentheses indicate the
corresponding Arctic sea ice area loss (10° km?).
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Figure S12. Regression analysis of 60°N zonal-mean zonal wind response in Apastpisst
onto U10 (defined as DJF zonal-mean zonal wind at 10 hPa and 60°N) across the 1000
bootstrapped samples of single ensemble members. Panels a, b and ¢ show the Mean-2c,
Mean+2c and their difference, respectively. Panel d shows the correlation of the zonal-
mean zonal wind response with U10 across the 1000 bootstrapped samples.
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Figure S13. Standard deviation of JEM response in Apastpisst across the 1000 bootstrapped
samples of 100-member averages for (from top to bottom): SLP (shading; hPa), SAT
(shading; °C) and precipitation (shading; mm day*). Column 1-3 show the total standard
deviation (o¢,¢q:), Standard deviation after removing the component that is linearly related
t0 U10 (G¢ropospheres Similar to Simpson et al. 2018), and the standard deviation that is

linearly related to U10 (0s¢rqtosphere = +/Ototar®> — Otroposphere?): Tespectively.
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