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Fig. S1 Spatial regions used in this study. Subpolar North Atlantic (red), Labrador Sea
Region (purple dots), and Irminger Sea Region (green hatching). The coordinates of the corners are
reported in the legend. The climatological sea-ice Region (light blue) is specific for each experiment,
season, and model (see Methods); in this case, the one referring to hist-GHG DJFM NorESM2-LM

is shown.
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Fig. S2 Trends of the different components of the net radiative surface heat flux. Maps
show the multi-model mean linear trends in 1850-2014 of the downward longwave radiative surface
heat flux (rlds, first column), the upward longwave radiative surface heat flux (rlus, second column),
the downward shortwave radiative surface heat flux (rsds, third column), and the upward shortwave
radiative surface heat flux (rsus, fourth column) for the entire year. Hist-GHG experiment (top
row), hist-aer experiment (middle row), and historical experiment (bottom row). Stippling indicates
regions where the trend is not statistically significant at the 1% level.
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Fig. S3 Trends of clouds fraction. Maps show the multi-model mean linear trends in 1850-
2014 of cloud fraction for the a) hist-GHG and b) hist-aer experiments. Stippling indicates regions
where the trend is not statistically significant at the 1% level.
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Fig. S4 Spatial distribution of aerosols’ emissions as prescribed to the models. Aerosols’
emissions in 1851-1880 (top panels) and 1985-2014 (bottom panels) for the entire world (left panels)

and for the North Atlantic (right panels). The emissions include black carbon, organic carbon, and

sulfur dioxide.
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Fig. S5 AMOC strength at different depths and latitudes. Multi-model mean AMOC (solid
lines) for the three experiments hist-GHG (red), hist-aer (blue), and historical (green) in 1850-2014.
Shades represent the max and min value across the ensemble for the respective experiment. Each
column refers to a different latitude, while each row to a different depth. Time series are smoothed

with a 10-yr running mean.
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Fig. S6 Sea ice and salinity co-variability. DJFM standardized sea-ice mass and salinity
anomalies in 1850—2014 for hist-GHG (left column), hist-aer (middle column), and historical exper-
iments (right column) in the climatological sea-ice region (see Methods). Each row refers to one
model (labels on the left). Solid lines represent ensemble-mean sea-ice mass (blue) and salinity (red);
shades represent max and min values of the ensemble. Time series are smoothed with a 10—yr run-

ning mean. The same behavior is found for all other seasons (not shown).
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Fig. S7 Upper-ocean (0—500m) Salinity, Temperature, and Density trends. Maps show
the DJFM multi-model mean linear trends in 1850-2014 of upper-ocean salinity (left column), upper-
ocean temperature (middle column), and upper-ocean density (right column). Hist-GHG experiment
(top row), hist-aer experiment (middle row), and historical experiment (bottom row). Stippling

indicates regions where the trend is not statistically significant at the 1% level.
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NorESM2-LM

EN4 Observations

~0.12-0.06 0.00 0.06 0.12 ~0.12-0.06 0.00 0.06 0.12
Regression Coefficient Difference

Fig. S8 Regression analysis of p onto ps and pr. Regression coefficients of p onto pg (left
column), p onto pr (middle column), and difference between the two (right column). Each row refers
to one model (labels on the left), with EN4 observations at the last row. Stippling indicates regions
where the regression coefficients are not statistically significant. The regressions of the models refer

to hist-GHG. The same behavior is found for the other experiments (not shown).



hist-GHG hist-aer historical

CanESM5

IPSL-CM6A-LR  HadGEM3-GC31-LL

NorESM2-LM CMCC-CM2-SR5 ACCESS-ESM1-5 MPI-ESM1-2-LR

GISS-E2-1-G

100 300 500 700 900 1100 1300
m

Fig. S9 Mixed layer depth climatology in 1850—2014. Maps show the DJFM ensemble mean
18502014 climatology of mixed layer depth for each model and experiment (MIROCG6 data were
not available). The red capital letters indicate the MLD group to which each model belongs.

10



hist-GHG hist-aer historical

CanESM5

IPSL-CM6A-LR ~ HadGEM3-GC31-LL

NorESM2-LM CMCC-CM2-SR5 ACCESS-ESM1-5 MPI-ESM1-2-LR

GISS-E2-1-G

—2.0 -16 —-1.2 —08 —04 00 04 08
1

m yr

Fig. S10 Mixed layer depth trend in 1850-2014. Maps show the DJFM linear trends in
1850-2014 of mixed layer depth for each model and experiment (MIROC6 data were not available).

Stippling indicates regions where the trend is not statistically significant at the 1% level.
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Fig. S11 AMOC and density trends in 1850—2014. Scatter plots of AMOC and density trends
during DJFM 1850-2014. Density trends are computed averaging over the respective areas of high

climatological MLD. Small dots represent individual members, while markers are ensemble means

for each model for hist-GHG (diamonds), hist-aer (triangles), and historical experiments (circles).

Each subplot refers to a different threshold used to select the high climatological MLD area (from

0.90 to 0.98, labels on the bottom right of each panel).
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Fig. S12 Trends of surface sensible heat flux, latent heat flux, and freshwater (Pr-E)
flux. Maps show the DJFM multi-model mean linear trends in 1850-2014 of sensible heat flux (left
column, positive downward), latent heat flux (middle column, positive downward), and Pr-E flux
(right column). Hist-GHG experiment (top row), hist-aer experiment (middle row), and historical
experiment (bottom row). Stippling indicates regions where the trend is not statistically significant
at the 1% level.
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Fig. S13 Comparison between upper-ocean temperature climatology in models and
observations. DJFM 1985-2014 upper-ocean temperature climatology difference between each
model ensemble mean and the EN4 observations. Results do not change significantly for different

time periods (not shown).
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Fig. S14 Comparison between upper-ocean salinity climatology in models and observa-
tions. DJFM 1985-2014 upper-ocean salinity climatology difference between each model ensemble

mean and the EN4 observations. Results do not change significantly for different time periods (not

shown).
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Fig. S15 Simulated and observed AMOC anomaly. DJFM AMOC anomaly for each of the
used models (colored lines) and observed AMOC (black line, RAPID observations). For the models,
solid lines represent ensemble means, while shades represent the max and min value across the
ensemble for the respective model. The anomaly is computed using 2004-2014 as reference period.

The AMOC index is defined as the maximum of the overturning streamfunction over depth at 26°N.
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