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Aerosol Optical Depth (10?)
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Figure S1. Pliocene (upper panels) and pre-industrial (lower panels) surface properties (left) and annual mean aerosol optical depth(right) in

our model simulations. Vegetation is characterised by its dominant plant functional type, of which the used acronyms are given in Table S1.
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Figure S2. Full equilibration of our three Pliocene simulations: Eoi*** (blue), Eoi*® (green-yellow), and Eoi*® (red), using the globally
averaged annual mean near surface temperature and net top of model radiative flux. A 30-year smoothing average was applied to both time

series, which are colour coded as a function of the model year (in kyr).
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a) Upper Ocean (<1km) b) Full Ocean c) Deep Ocean (>2km)
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Figure S3. Full equilibration of our three standard pre-industrial (E**°, E, and E"'*) and Pliocene (E0i**’, E0i*®, and Eoi*®) cases, colour
coded for the length of each simulation. As a function of annual mean, globally averaged top of model net radiative flux, we show a) upper
(<1km), b) full depth, and ¢) deep (>2km) ocean average temperature. A 50-year smoothing average was applied to the time series, along

with an extrapolation towards net radiative balance using a linear regression over the last 750 model years of each simulation.
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a) Global mean Ocean Temperature (°C)

b) Global Average 2m Air Temperature (°C)
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Figure S4. Time series of globally averaged temperatures for the entire length of our 2 main pre-industrial reference simulations: E** (black),
and E*80P (purple). Shown are the a) upper (< 1km; dark), deep (>2km; medium), and full depth (light) ocean temperature, b) near surface
air temperature, and c) globally averaged top of model (TOM) net radiative flux. Thick lines in b,c show the corresponding time series after
applying a 200-year smoothing mask. The estimated equilibrium temperatures are indicated at the end in a,b, using large markers and the
same colour convention. The globally averaged, mean temperature (T,) over the last 100 years is added in the legend of b (bracketed values

for the estimated equilibrium).
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Figure S5. Time series of the annual mean AMOC strength (i.e. stream function maximum below 1km) for all 7 simulations, using a 20-year

smoothing window. The last 500 years are aligned and shown in detail, with the full spinup of the E**°, Eoi*®®, and Eoi**’ added on the left

(note the different time scale). The average over the last 500 years is given in the legend for each case, with the corresponding standard

deviation shown in brackets. Standard deviation is applied to the de-trended AMOC time series using a 250-year smoothing average.
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b) E** Surface Albedo (%) global: 13.1%
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Figure S6. Annual mean albedo in the E* (left) and Eoi*™ (right) simulation, using the colour scales shown to the right. Shown from top
to bottom are surface, top of atmosphere (TOA), and cloud albedo, with white contours in the TOA figures indicating aerosol optical depth

400_ E?0 differences are given in the middle panels (note the

at 0.1, 0.2, and 0.4 (see also Figure S1). The corresponding zonal average Eoi
negative scale; positive for cloud albedo). The resulting global average radiative forcing from each component is given, with the cloud forcing

subdivided into shortwave-only (blue) and total (purple).
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Figure S7. Annual mean oceanic fields from the (left to right) E**, E**P, and Eo0i** cases. Top: sea surface temperature temperature

(shading) and sea ice fraction (contours; white: 0.15, black: 0.5 and 0.9). Middle: Sea surface salinity (shading) and mixed layer depth
(contours; black: 100m, thick black: 250m, thick white: 500m). Bottom: Barotropic stream function (BSF; shading) and zonal wind stress
(contours every 5- 102Pa, dashed: <0, thick white line at OhPa).
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a) Eoi*®- E*: Low CO, Plio - PI

b) Average AT Profile (°C)
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Figure S8. Annual mean, zonally averaged air temperature difference as a function of pressure, between our four sensitivity simulations; a)
Eoi®- E? ¢) Eoi*®- B3, d) E>%°- E*, and f) Eoi’®- Eoi?*’. b) Average vertical temperature difference profile of Eoi**’- E** (solid) and

Eo0i*®- E3 (dashed) for high (>60°; blue), middle (30-60°; black), and low (<30°; red) latitudes. e) As in b, but for E>®- E?* (solid) and

Eoi*®- E0i®* (dashed).
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a) E**"- E*® SST (°C) and E*** Sea Ice Fraction

b) Eoi**- E*** SST (°C) and Eoi*” Sea Ice Fraction
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Figure S9. Annual mean SST difference between a) E***F- E?**, and b) Eoi**’- E®*F. The global average difference (ASST) is given,
contours show E*®**F (a) and Eoi*® (b) annual mean sea ice fraction (white: 15%, black: 50% and 90%). c,d) As in a,b but for sea surface

salinity difference (shading) and mixed layer depth (contours; black: 100m, thick black: 250m, and white: 500m).
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Figure S11. Zonally averaged near surface air temperature difference of each model case from the E*** pre-industrial reference, with the

zonal variation (10 and 90 percentiles) of the Eoi

400_ % jndicated in gray shading.

47



AMOC
o 1t 2 3 4

x (6] o
(]
=
2 < -
5 S _ % |
|
@ X N J7
4 ]0:-0.08p:0.06° &x O 3l 027 p<10°® | o 1019 p<10°
0:0.04 p:0.42 L x w g 0:0.03 p: 0.56 o X ¢:0.59 p<10°®
4t O 4 [] O Eoi* le) i 4 le) i
X x o 4
XXO X
Q i

Niho3.4
Nino3.4

3 ]0:-022p <10, | % 3l o Y| 0048 p<10® | 4 “ X 0:0.03 p:0.52 |
0:-0.03 p: 0.56 0:0.34 p<10® 0:0.07 p:0.14
3 2 -1 0 1 2 3 4 3 2 -1 0 1 2 3 4 3 2 -1 0 1 2 3 4
AMV PMV AMOC

Figure S12. Scatter plots of annual mean AMV, PMV, AMOC, and Nifio 3.4 indices of the E® (blue crosses) and Eoi*® (red cricles) using

500 years of SST data. Cross correlations between the different indices are given along with their p-value. Coloured lines in corresponding

colours for each simulation show a linear regression, with thick dashed lines used for statistically significant correlations (i.e. p-value <0.05).
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