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Figure S1. Time evolution of spring (March–May; MAM; a–b), summer (June–August; JJA; c–d), and fall (September–November; SON;
e–f) Arctic surface temperature for 1850–2100. In a, c, and e, the individual lines show the CMIP6 historical realizations (hist1, hist2, and
hist3), four future scenarios (ssp126, ssp245, ssp370, ssp585), and the six sensitivity experiments (cloud, eddy, iceSheet, ozone, snow, and
piAerOxid) (see legend in a). In b, d, and f, the lines show the mean warming for the scenarios (grey) and sensitivity experiments (red)
and the shading shows the warming range between the experiments with strongest and weakest warming (see legend in b). To highlight the
end-of-the-century warming range, the difference between the experiment with strongest and weakest warming in 2100 is additionally shown
in terms of the numbers and vertical bars to the right of b, d, and f. A 10-year running mean has been applied. Units are in K.
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Figure S2. Historical (solid lines) and future (dashed lines) vertical ocean temperature profiles averaged for the Eurasian (a) and Canadian
Basins (b). Both panels show the historical and ssp585-based experiments for the baseline (historical and ssp585; grey lines), cloud (hist-
cloud and ssp585-cloud; red lines), eddy (hist-eddy and ssp585-eddy; blue lines), iceSheet (hist-iceSheet and ssp585-icesheet; green lines),
ozone (hist-ozone and ssp585-ozone; purple lines), snow (hist-snow and ssp585-snow; orange lines), and piAerOxid (hist-piAerOxid and
ssp585-piAerOxid; brown lines) experiments. Observations (black solid lines) are from the Polar Science Center Hydrographic Climatology
(PHC Steele et al., 2001) version 3.0. Units are in ◦C.
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Figure S3. Time evolution of the Atlantic meridional overturning circulation at 26.5◦N for the baseline (historical and ssp585; grey line)
cloud (hist-cloud and ssp585-cloud; red line), eddy (hist-eddy and ssp585-eddy; blue line), iceSheet (hist-iceSheet and ssp585-iceSheet; green
line), ozone (hist-ozone and ssp585-ozone; purple line), snow (hist-snow and ssp585-snow; orange line), and piAerOxid (hist-piAerOxid and
ssp585-piAerOxid; brown line) experiments. Also shown is the RapidMOC estimate (black line; McCarthy et al., 2015). Units are in Sv.
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Figure S4. Spatial distribution of observed winter (December–February; DJF) sea-ice volume from CryoSat-2 – SMOS for the period 2011–
2022 (a), and for the baseline experiment (b). Bias in sea-ice volume with respect to the observations for the historical baseline (c), cloud
(d), eddy (e), iceSheet (f), snow (g), ozone (h), and piAerOxid experiments (i). The model climatologies are based on years 2011–2014 from
the historical experiments and years 2015–2022 from the ssp585 experiments. Units are in volume per unit area (m).
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Figure S5. Spatial distribution of the future changes in sea-ice concentration during winter for the future response (sspRes; Table 2 in the
main text) for the baseline experiments (a) and the future response difference (sspRes-diff; Table 2 in the main text) for cloud (b), eddy (c),
iceSheet (d), snow (e), ozone (f), and piAerOxid (g), and the ScenarioMIP range (ssp585−ssp126; h). Units are in % of surface area.
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Figure S6. Spatial distribution of summer (JJA) ensemble-mean (a, c, e, g, i, k) and spread (b, d, f, h, j, l), computed across the CMIP6
baseline and the NEEMS experiments (cloud, eddy, iceSheet, snow, and ozone), for the future response (Table 2 in the main text) in the
surface temperature decomposition terms: SAF (a–b), CRE (c–d), LWCS (e–f), SWCF (g–h), HSTORE (i–j), and HFLUX (k–l). Units are
in K.
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Figure S7. Spatial distribution of the ensemble mean, computed across the baseline and the NEEMS experiments (cloud, eddy, iceSheet,
snow, and ozone), for the future response (Table 2 in the main text) for total cloud cover (a, e, i), low-level cloud cover (b, f, j), medium-level
cloud cover (c, g, k), and high-level cloud cover (d, h, l) for winter (DJF; a–d), May (e–h), and August (i–l). Units are in fraction.
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Figure S8. Monthly evolution of the future response (Table 2 in the main text) in total cloud cover (a), low-level cloud cover (b), medium-
level cloud cover (c), and high-level cloud cover (d) for the Arctic Ocean (defined as 80◦N–90◦N) for the CMIP6 baseline (black line), cloud
(red line), eddy (blue line), iceSheet (green line), snow (orange line), ozone (purple line), and piAerOxid (brown line). The annual, DJF, and
JJA mean values, averaged across the baseline and five NEEMS experiments (cloud, eddy, iceSheet, snow, and ozone), are shown in the right
legend. Units are in percentage change.
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Figure S9. Spatial distribution of future changes in Arctic ocean heat flux (colors) during winter (DJF) for the future response (sspRes;
Table 2 in the main text) for the baseline experiments (a) and the future response difference (sspRes-diff; Table 2 in the main text) for cloud
(b), eddy (c), iceSheet (d), snow (e), ozone (f), and piAerOxid (g), and the ScenarioMIP range (ssp585−ssp126; h). The dashed-blue and
solid-red lines depict the 50% sea-ice extent averaged over the contemporary period (1985–2015) and end of the 21st century (2071–2100).
The area average (mean) and the root-mean-square-difference (rmsd) of the field shown (colors) is given in the upper right and left corners of
each panel. White dots indicate non-significant changes according to a two-sided T-test. Note that we use different color scales and contour
levels for a (left color bar) and b–h (right color bar). Units are in W m−2.
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Table S1. List of CMIP6 models used in Fig. 17 in the main text and the associated references.

Model name Reference

ACCESS-CM2 Law et al. (2017)
ACCESS-ESM1-5 Law et al. (2017)
CAMS-CSM1-0 Rong et al. (2019)
CanESM5 Swart et al. (2019)
CanESM5-CanOE Swart et al. (2019)
CESM2-WACCM Liu et al. (2019)
CNRM-CM6-1 Séférian et al. (2019)
CNRM-CM6-1-
HR Séférian et al. (2019)

CNRM-ESM2-1 Séférian et al. (2019)
GFDL-CM4 Held et al. (2019)
GFDL-ESM4 Dunne et al. (2020)
IPSL-CM6A-LR Boucher et al. (2020)
MIROC-ES2L Hajima et al. (2020)
MPI-ESM1-2-HR Müller et al. (2018)
MPI-ESM1-2-LR Mauritsen et al. (2019)
MRI-ESM2-0 Yukimoto et al. (2019)
NorESM2-LM Seland et al. (2020)
NorESM2-MM Seland et al. (2020)
UKESM1-0-LL Sellar et al. (2019)
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