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Figure S1: Likelihood weight for the 100-members ensemble of simulations accounting for key uncertainties in ice-ocean
and ice-atmosphere interactions over the 9-D parameter space. The parameters are the atmospheric (CLIM,tm) and oceanic
(CLIMycn) present-day climatologies, the applied sub-shelf melt parameterisation (Mparam), the effective ice—ocean heat flux (I'esr),
the positive degree-day (PDD) snow melt factor (Ksnow), the PDD ice melt factor (Kicc), the thickness of the thermally-active layer
(dice), the atmospheric lapse rate (Yatm), and the applied GCM (GCM). Note that for the parameters characterised by discrete values,
i.e., CLIMag¢m, CLIMocn, Mparam, and GCM, the continuous parameter space is divided into a finite number of equal probability
regions, or bins, displayed by the dashed lines.
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Figure S2: Posterior parameter probability distributions and density histograms resulting from the calibration. Posterior
parameter density histograms and probability distribution functions approximated using kernel density estimation (lines) are shown
for all parameters except discretely distributed parameters (CLIMa¢m, CLIMocn, Mparam, and GCM). The prior distributions are
shown as dashed orange lines while the posterior distributions are shown as yellow lines. Weighted histograms are shown in blue.
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Figure S3: Comparison of the prior and posterior distributions of projected Antarctic contribution to global mean sea-level
rise until the end of the millennium. Evolution of the ensemble projected contribution to sea-level from the Antarctic ice sheet until
(a) 2100, (b) 2300, and (c) 3000 CE, under the Shared Socio-Economic Pathways (SSP) 1-2.6 and SSP5-8.5 scenarios (N=100 per
SSP scenario). The ensemble uncalibrated median (dashed lines) and 5-95% probability interval (light dashed area) is compared to the
Bayesian calibrated ensemble median (solid lines) and 5-95% probability interval (dark shaded area). d—f represent the prior (dashed
lines) and posterior (solid lines) probability density functions of the sea-level contribution from the AIS for the years (d) 2100, (e)
2300 and (f) 3000 under SSP1-2.6 (blue lines) and SSP5-8.5 (red lines).
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Figure S4: Mean ice thickness change under (a) constant present-day climate conditions (PRESENT-DAY), shared socio-
economic pathways (SSP) 1-2.6 (b) and 5-8.5 (c¢) at different points in time throughout the millennia. For each scenario, the
mean thickness change at a given point is computed using the Bayesian calibrated mean of the ensemble (N=100). Black and grey
lines show the ensemble mean grounding line and calving front positions, respectively.
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Figure S5: Calibrated probabilistic projections of the Antarctic ice sheet mass balance components until the year 2300 CE
under SSP5-8.5 when accounting for ice shelf hydrofracturing. Solid lines and shaded regions show the median and 5-95%
probability intervals (N=100), with 5-year running average applied. Positive SMB fluxes represent mass gains while positive sub-shelf
melt and calving fluxes represent mass losses. Note that the ice-sheet net mass balance does not represent the sum of all mass balance
components but instead considers changes in volume above flotation and may therefore be interpreted as the rate of mass change
contributing to sea-level rise.
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Figure S6: Time series of the regional (between 90—-60°S) annual near-surface air temperature anomaly (°C) projected by the
four GCMs from the sixth phase of the Coupled Model Intercomparison Project (CMIP6) used in this study under SSP1-2.6
(a) and SSP5-8.5 (b) compared to the 1995-2014 reference period. The thick grey lines represent the mean annual warming from
the four GCMs. A running average of 5 years was applied for better readability.
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Figure S7: Comparison between the Antarctic regional (between 90-60°S) annual near-surface air temperature anomaly (°C)
compared to present-day (1995-2014 reference period) with the annual pre-industrial (relative to the 1850-1900 reference
period) near-surface warming projected by the four GCMs from the sixth phase of the Coupled Model Intercomparison Project
(CMIP6) used in this study. The dashed line is the identity line.



a Modelled Surface Velocity (m yr'1) b Observed Surface Velocity (m yr'1)

1000 1000
100 100
10 10
1 1
0.1 0.1
¢ Surface Velocity Misfit (m yr™) 400 d
' "‘r“ -""“»\gw‘\? . 300 . 103 -:.."_
: L -
%:’ ¥ ~ 200 s
ks \,‘E'hnaw ) 1, \ g 2 i
&y l'% | 3 100 2"
et w A ") 8
{ 0 2 o ]
w E’ ~ ‘{"‘;f ] "in -8
Sy ’ 100 3
- ) 7 o
7-“&, q\\’ " g.: * B 4q0 i
- e y\‘ 10 : .
% o 200 = e
e . RMSE'=101.6 m yr’
R -300 1071 EE AEAT T L N
10° 102
-400 Observed velocity (m yr'1)
e f
500 5000 ; , . :
400
£
300 <4000 ]
2
200 0 _
x L FERCRE ]
100 é) 3000 L )
[0) e * s
0 = 2000 - AR 1
100 3 T
o) .; oy ..{..n
-200 é 1000 | , - 2 S ]
-300 A RMSE = 48.15 m
o , . .
-400 0 1000 2000 3000 4000 5000
-500 Observed Ice Thickness (m)

Figure S8: Ice-sheet initial state obtained with the 1995-2014 atmospheric climatology from MARv3.11 (Kittel et al., 2021)
adjusted with a 1945-1955 anomaly from NorESM1-M. Shown is a comparison of the ice sheet thickness and ice velocities as
modelled by Kori in the year 1950 (i.e., after the initialisation) to observed ice sheet thickness (Morlighem et al., 2019, Bedmachine;)
and velocities (Rignot et al., 2011), using the atmospheric climatology derived from MAR adjusted with a 1945-1955 anomaly derived
from NorESM1-M. Modelled and observed surface velocities are illustrated in (a) and (b). Modelled minus observed ice velocity
and thickness are given in (c) and (e) with the modelled grounding line in black, respectively, while point-by-point scatter plots for
comparison of modelled and observed ice-sheet (blue) and ice-shelf (red) velocities and thicknesses are shown in (d) and (f).
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Figure S9: Ice-sheet initial state obtained with the 1995-2014 atmospheric climatology from RACMO2.3p2 (van Wessem et al.,
2018) adjusted with a 1945-1955 anomaly from NorESM1-M. Shown is a comparison of the ice sheet thickness and ice velocities as
modelled by Kori in the year 1950 (i.e., after the initialisation) to observed ice sheet thickness (Morlighem et al., 2019, Bedmachine;)
and velocities (Rignot et al., 2011), using the atmospheric climatology derived from RACMO adjusted with a 1945-1955 anomaly
derived from NorESM1-M. Modelled and observed surface velocities are illustrated in (a) and (b). Modelled minus observed ice
velocity and thickness are given in (c) and (e) with the modelled grounding line in black, respectively, while point-by-point scatter
plots for comparison of modelled and observed ice-sheet (blue) and ice-shelf (red) velocities and thicknesses are shown in (d) and (f).
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Figure S10: Evolution of the calibrated probabilistic projections of the Antarctic integrated main surface mass balance com-
ponents until the year 2100 CE over the grounded ice sheet (a,c,e,g) and the ice shelves (b,d,f,h) compared with projections
from MAR. Evolution of the ensemble projected anomalies in total surface mass balance (a—b), snow accumulation (c—d), surface
runoff (e—f), and rain precipitation (g—h) for the 2015-2100 period under the shared socio-economic pathway (SSP) 5-8.5 over the
grounded ice sheet (left) and the ice shelves (right). Colored solid lines and shaded regions show the median, 25-75%, and 5-95%
probability intervals (N=100 per SSP scenario), with 5-year smoothing applied. Grey solid lines show the time series of the integrated
annual SMB components simulated by MAR forced by CNRM-CM6-1 (dark grey), and CESM2 (light grey).
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Figure S11: Prior (dashed lines) and posterior (plain lines) probability density functions of the Antarctic sea-level contribution
under SSP1-2.6 (a—c) and SSP5-8.5 (d—f) by 2100 (a,d), 2300 (b,e), and 3000 (c,f). Different values for the structural error have
been tested by multiplying the observational error by 2, 5, 8, 10, 12, or 20.
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Quantiles

Scenario  Year Distribution 5% 50% 95%
SSP1-2.6
2100  Prior -0.1096 0.1075 1.1832
Posterior, o104 = 859bs -0.0666 0.0588 0.1467
Posterior, 0/%°d = 1009 -0.0831 0.0588 0.1467
Posterior, o104 = 12059 -0.0886 0.0588 0.1482
2300  Prior -0.2990 1.0693 2.1816
Posterior, o104 = 809Ps -0.1746 0.6268 1.5618
Posterior, 0°d = 100¢b* -0.2602 0.6175 1.5618
Posterior, 004 = 12093 -0.2803 0.5918 1.5618
3000 Prior -0.8058 1.9755 4.2250
Posterior, om°d = 8¢9 -0.5617 1.9072 2.9042
Posterior, o°d = 100¢P -0.7336 1.8490 2.9042
Posterior, 07°d = 129" -0.7441 1.8466 2.9042
SSP5-8.5
2100  Prior -0.1246 0.1172 1.2451
Posterior, o104 = 809P* -0.0839 0.0547 0.1452
Posterior, 0°d = 1009 -0.1031 0.0547 0.1562
Posterior, 0°d = 1209b -0.1092 0.0425 0.1576
2300 Prior 0.4170 2.8576 4.7343
Posterior, o704 = 809 0.6981 2.9230 45148
Posterior, o°d = 100¢P 0.4604 2.7388 45148
Posterior, c/"°9 = 1259 0.4604 2.6216 4.2814
3000 Prior 2.4023 7.1217 16.2939
Posterior, o/%°d = 8o9b 2.4023 7.2441 13.4660
Posterior, c/*°d = 1009 2.4023 6.9523 13.4660
Posterior, c/"°d = 1259 2.4023 6.9523 13.4660

Table S1: Quantiles from the prior and posterior distributions of sea-level contribution (mm SLE) by years 2100, 2300, and
3000 relative to 2015.
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