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Table S1. Annual mean values (in W m?) of shortwave (SW), longwave (LW) and net (SW+LW) atmospheric radiative cooling (ARC) at
the top-of-atmosphere (TOA) and for the entire atmospheric column over the Mediterranean for the periods 1970-1979, 2005-2014 and their
difference (2005-2014 minus 1970-1979). Values are presented for each model, along with the multi-model ensemble mean and the inter-
model variability (one standard deviation; SD).

Model 1970-1979 2005-2014 2005-2014 minus 1970-1979

ode TOASW TOALW TOANET SW LW NET |TOASW TOALW TOANET SW LW NET |TOASW TOALW TOANET SW LW NET
BCC-ESM1 7.98 -5.26 2.72 -0.03 -3.59 -3.62 5.55 -5.15 0.40 -032 -4.01 -4.34 -2.43 0.11 -2.32 -0.29 -043 -0.72
CNRM-ESM2-1 4.18 -2.07 2.12 -0.83 -0.52 -1.35 2.60 -1.39 121 -1.01 -0.06 -1.08 -1.59 0.68 -091 -0.18 046 028
EC-Earth3-AerChem 8.60 -8.00 0.60 -0.61 -517 -5.78 5.44 -6.21 -0.77 -2.34 -3.01 -5.35 -3.16 1.80 -1.36 -1.73  2.16 0.43
GFDL-ESM4 6.42 -3.40 3.02 -1.64 -0.62 -2.26 3.93 -2.54 139 -2.13 -0.72 -2.84 -2.49 0.87 -1.63 -0.48 -0.09 -0.58
MPI-ESM-1-2-HAM 7.77 -3.00 478 -0.39 -0.63 -1.02 5.40 -3.41 1.99 -1.17 -0.85 -2.02 -2.37 -0.41 -2.79 -0.78 -0.23 -1.01
MRI-ESM2-0 9.73 -3.56 6.17 -0.13 -1.83 -1.95 3.86 -1.93 193 -028 -243 -2.71 -5.87 1.63 -424 -0.15 -0.61 -0.76
NorESM2-LM 5.25 -4.07 1.19 -0.23 -2.00 -2.23 2.88 -2.31 0.57 -0.79 -1.30 -2.09 -2.37 1.76 -0.61 -0.56 0.70 0.14
UKESM1-0-LL 7.84 -6.47 1.37 -047 -3.26 -3.74 4.71 -5.07 -0.36 -1.76 -2.01 -3.77 -3.12 1.39 -1.73 -129 126 -0.04
Ensemble (Mean) 722 -4.48 275 -0.54 -2.20 -2.74 4.30 -3.50 0.80 -1.23 -1.80 -3.03 -2.93 0.98 -1.95 -0.68 0.40 -0.28
Ensemble (SD) 1.70 1.84 1.78 048 1.58 1.46 1.09 1.65 095 0.73 123 1.30 1.20 0.76 1.09 053 0.88 0.51




Table S2. As in Table S1, but for the boreal winter (DJF).

Model 1970-1979 2005-2014 2005-2014 minus 1970-1979

ode TOASW TOALW TOANET SW LW NET |TOASW TOALW TOANET SW LW NET |TOASW TOALW TOANET SW LW NET
BCC-ESM1 3.63 -2.34 129 0.15 -1.26 -1.11 3.51 -4.12 -0.61 0.00 -2.20 -2.20 -0.12 -1.78 -1.90 -0.15 -0.94 -1.09
CNRM-ESM2-1 2.49 -1.65 0.84 -034 -049 -0.84 1.38 -0.52 0.86 -0.39 -0.32 -0.71 -1.11 1.13 0.02 -0.04 0.17 0.13
EC-Earth3-AerChem 7.78 -5.87 1.90 -0.48 -3.00 -3.48 3.05 -1.28 1.77 -091 0.50 -0.40 -4.73 4.60 -0.13 -042 351 3.08
GFDL-ESM4 3.99 -2.79 1.20 -1.05 0.64 -0.41 1.21 -0.57 0.64 -131 093 -0.38 -2.78 222 -0.56 -0.27 0.30 0.03
MPI-ESM-1-2-HAM 7.62 -2.60 5.02 -0.55 144 0.89 2.61 1.23 3.84 -044 178 134 -5.01 3.83 -1.18  0.11 034 045
MRI-ESM2-0 6.91 -3.02 388 0.18 038 0.56 2.82 -2.17 0.65 -0.22 -0.78 -1.01 -4.09 0.86 -3.24 -041 -1.16 -1.57
NorESM2-LM 3.42 -2.55 0.88 -0.25 -0.30 -0.55 3.81 -2.79 1.02 -0.42 -1.01 -1.43 0.39 -0.24 0.15 -0.17 -0.71 -0.88
UKESM1-0-LL 4.88 -4.64 024 -024 -133 -1.57 432 -5.01 -0.69 -0.78 -1.11 -1.89 -0.56 -0.36 -0.93 -0.54 022 -0.32
Ensemble (Mean) 5.09 -3.18 191 -032 -0.49 -0.81 2.84 -1.90 094 -0.56 -0.27 -0.83 -2.25 1.28 -0.97 -0.24 021 -0.02
Ensemble (SD) 1.93 1.29 1.56 037 129 1.27 1.03 1.91 134 039 120 1.03 2.03 2.03 1.07 020 137 1.33




Table S3. As in Table S1, but for the boreal summer (JJA).

Model 1970-1979 2005-2014 2005-2014 minus 1970-1979

ode TOASW TOALW TOANET SW LW NET |TOASW TOALW TOANET SW LW NET |[TOASW TOALW TOANET SW LW NET
BCC-ESM1 11.72 -9.21 2.51 -0.46 -6.56 -7.02 5.84 -6.28 -0.44 -0.58 -5.14 -5.72 -5.89 2.94 -295 -0.12 142 130
CNRM-ESM2-1 7.04 -3.84 320 -1.76 -097 -2.72 3.56 -2.01 1.55 -1.76  0.10 -1.66 -3.48 1.83 -1.65 -0.01 1.07 1.06
EC-Earth3-AerChem 9.85 -12.09 -2.24 -0.88 -9.43 -10.31 7.27 -11.75 -4.48 -430 -6.49 -10.80 -2.58 0.34 -2.23 -343 294 -049
GFDL-ESM4 8.98 -5.66 331 -2.68 -2.36 -5.04 5.19 -4.19 1.00 -2.80 -2.81 -5.61 -3.79 1.47 -2.32 -0.12 -0.44 -0.57
MPI-ESM-1-2-HAM 8.24 -6.12 212 -0.50 -3.83 -4.33 4.79 -5.30 -0.51 -1.80 -2.80 -4.59 -3.45 0.82 -2.63 -129 1.03 -0.26
MRI-ESM2-0 11.75 -5.36 6.39 -0.62 -4.84 -5.46 5.12 -2.85 227 -021 -433 -455 -6.63 2.51 -4.12 040 0.51 091
NorESM2-LM 5.67 -5.33 0.34 -0.48 -2.88 -3.36 241 -2.46 -0.05 -1.23 -1.53 -2.76 -3.26 2.87 -0.39 -0.75 135 0.60
UKESM1-0-LL 9.21 -9.07 0.13 -0.88 -5.90 -6.78 4.19 -5.66 -1.47 -2.63 -2.88 -5.51 -5.02 3.41 -1.60 -1.75 3.02 1.27
Ensemble (Mean) 9.06 -7.09 1.97 -1.03 -4.60 -5.63 4.80 -5.06 -0.27 -1.91 -323 -5.15 -4.26 2.03 -2.24 -0.88 136 048
Ensemble (SD) 1.98 2.58 242 0.74 252 226 1.37 2.92 1.96 123 194 253 1.33 1.02 1.02 1.17 1.08 0.74
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Figure S1. Timeseries of the AA-induced evolution of the aerosol optical depth (AOD) of sulfate aerosols (left column) black
carbon (BC) and organic aerosols (OA; middle column), and dust aerosols (right column) over the Mediterranean region
(10°W-40°E, 30°N-45°N) for the historical period (1850-2014) on an annual scale (top row) and in boreal winter (DJF; middle
row) and summer (JJA; bottom row). Changes in AOD were calculated from the difference “historical” minus “hist-piAer”.
The thin lines represent the annual weighted mean values, while thick lines represent the 10-year moving average. Shading
expresses the inter-model variability (one standard deviation).
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Figure S2. ERFsurr due to anthropogenic aerosols (calculated from the difference “histSST” minus “histSST-piAer”) over the
Mediterranean (in W m). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-2014 (middle column)
and their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in boreal winter (DJF;
middle row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean region (shown as a
box) are shown along with the inter-model variability (one standard deviation) at the top of each panel. Colored areas without
markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust changes and conflicting

signals, respectively.

Robust signal

v777J No robust signal

BXK  Conflicting signals




(a)

60°N

55°N 5%

1970-1979 (ANNUAL)

ARCg!)e Change (historical - hist-piAer)

2005-2014 (ANNUAL)

Diff. (ANNUAL)

60°N
55°N
50°N

40°N
35°N
30°N
25°N

MED Mean = ~7.76 + 1.58 W m=2 () MED Mean = -5.52 + 1.44 W m2 © MED Mean = 2.24 + 1.34 W m2
i
60°N 7. 60°N
55°N 7 ///// / 55°N%/ 3 il ) 4
50°N[S 50°N /
45°N = s 45°N ot
40°N { - 40°N
35°N ) % 35°N
30°N // ] BONESE
25°N 25°N /
15°W  5°W 5°E 15°E  25°E  35°E  45°E 15°W  5°W 5°E 15°E  25°E  35°E  45°E 15°W  5°W 5°E 15°E  25°E  35°E  45°E -
1970-1979 (DJF) © 2005-2014 (DJF) 0 Diff. (DJF)
MED Mean = -5.41 +1.97 W m™ MED Mean = -3.40 +0.97 W m~ MED Mean =2.01 +2.05 W m™
' 60°N
55°N
50°N
45°N
35°N
30°N g ““““
25°N
15°W  5°W 5°E 15°E  25°E  35°E  45°E 15°W  5°W 5°E 15°E  25°E  35°E  45°E ;IS“W 5°W 5°E 15°E  25°E  35°E  45°E
1970-1979 (JJA) ") 2005-2014 (JJA) 0 Diff. (JJA)
MED Mean = -10.09 + 1.98 W m2 MED Mean = -6.71 +2.20 W m~2 MED Mean = 3.38 + 2.22 W m—2
60°N 60°N
55°N 55°N
50°N Z 50°N
45 45°N
40°N ; X 40°N
227 35°N =77 35°N
30°N Y 30°N
25°N p XS% % 25°N
15°W  5°W 5°E 15°E  25°E  35°E  45°E 15°W  5°W 5°E 15°E  25°E  35°E 45°é 15°W  5°W 5°E 15°E  25°E  35°E  45°E
W m—2
-20 -16 -12 -8 -4 0 4 8 12 16 20

Robust signal

¥z No robust signal

B Conflicting signals

Figure S3. Shortwave (SW) ARCsurr due to anthropogenic aerosols over the Mediterranean (calculated from the difference
“historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-2014 (middle
column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in boreal winter
(DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean region (shown
as a box) are shown along with the inter-model variability (one standard deviation) at the top of each panel. Colored areas
without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust changes and
conflicting signals, respectively.
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Figure S4. Longwave (LW) ARCsurr due to anthropogenic aerosols over the Mediterranean (calculated from the difference
“historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-2014 (middle
column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in boreal winter
(DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean region (shown
as a box) are shown along with the inter-model variability (one standard deviation) at the top of each panel. Colored areas
without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust changes and
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Figure S5. Net ARCroa due to anthropogenic aerosols over the Mediterranean (calculated from the difference “historical”
minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-2014 (middle column) and
their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in boreal winter (DJF; middle
row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean region (shown as a box) are
shown along with the inter-model variability (one standard deviation) at the top of each panel. Colored areas without markings
indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust changes and conflicting signals,
respectively.
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Figure S6. Shortwave (SW) ARCroa due to anthropogenic aerosols over the Mediterranean (calculated from the difference
“historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-2014 (middle
column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in boreal winter
(DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean region (shown
as a box) are shown along with the inter-model variability (one standard deviation) at the top of each panel. Colored areas
without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust changes and
conflicting signals, respectively.
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Figure S7. Longwave (LW) ARCroa due to anthropogenic aerosols over the Mediterranean (calculated from the difference
“historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-2014 (middle
column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in boreal winter
(DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean region (shown
as a box) are shown along with the inter-model variability (one standard deviation) at the top of each panel. Colored areas
without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust changes and
conflicting signals, respectively.
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Figure S8. Net ARC for the entire atmospheric column due to anthropogenic aerosols over the Mediterranean (calculated from
the difference “historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left column), 2005-
2014 (middle column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale (top row) and in
boreal winter (DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the Mediterranean
region (shown as a box) are shown along with the inter-model variability (one standard deviation) at the top of each panel.
Colored areas without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate non-robust
changes and conflicting signals, respectively.
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Figure S9. Shortwave (SW) ARC for the entire atmospheric column due to anthropogenic aerosols over the Mediterranean
(calculated from the difference “historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left
column), 2005-2014 (middle column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale
(top row) and in boreal winter (DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the
Mediterranean region (shown as a box) are shown along with the inter-model variability (one standard deviation) at the top of
each panel. Colored areas without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate
non-robust changes and conflicting signals, respectively.
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Figure S10. Longwave (LW) ARC for the entire atmospheric column due to anthropogenic aerosols over the Mediterranean
(calculated from the difference “historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left
column), 2005-2014 (middle column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale
(top row) and in boreal winter (DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the
Mediterranean region (shown as a box) are shown along with the inter-model variability (one standard deviation) at the top of
each panel. Colored areas without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate
non-robust changes and conflicting signals, respectively.
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Figure S11. Changes in sea-level pressure and near-surface winds due to anthropogenic aerosols over the Mediterranean
(calculated from the difference “historical” minus “hist-piAer”). Spatial patterns are presented for the periods 1970-1979 (left
column), 2005-2014 (middle column) and their difference (2005-2014 minus 1970-1979; right column) on an annual scale
(top row) and in boreal winter (DJF; middle row) and summer (JJA; bottom row). The multi-model ensemble means over the
Mediterranean region (shown as a box) are shown along with the inter-model variability (one standard deviation) at the top of
each panel. Colored areas without markings indicate robust changes, while hatched (/) and cross-hatched (X) areas indicate
non-robust changes and conflicting signals, respectively.
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