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Supplementary Figure 1. Retreat of Thwaites Glacier from satellite observations. Grounding-zone extents of
Thwaites Glacier inferred for A) year 1994-1996 (light red boundaries) using Earth Remote Sensing satellite 1 and 2
interferometric SAR data at the C-band frequency (5.6 cm wavelength) overlaid on a differential interferogram from
1994 combining orbits 13726, 13769, 13812, 13855, Frames 5193 5211 acquired March 01, 03, 07, and 10 1994; B)
year 2023 (dark red boundaries) using RADARSAT Constellation Mission C-band SAR data and ICEYE US X-band
(3.1 cm wavelength) SAR data acquired over a period of several months overlaid on a composite set of differential
interferograms from ICEYE (May 12, 13, 14, 2023) on the Thwaites Main Trunk and RCM (April 19, 23 and 27, 2023)
on the Thwaites Eastern Ice Shelf. Copyright ESA, CSA, and ICEYE US.
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Supplementary Figure 2. Model configuration and inversion. A) Finite element mesh plotted on the model domain,
with a zoom-in on areas around the grounding zone where mesh size is fixed at 500 m. (B) Difference between ice sheet
thickness at the beginning of the spin-up and the initial geometry from (). (C) Results of the inversion: ice hardness
B on floating ice and friction coefficient Cs on grounded ice. (D) Model-data misfit in terms of ice speed after the
inversions for friction and ice rheology. Transparent data is misfit below 30 m yr~!. Black line is the model domain.
Background is the RADARSAT-1 mosaic of Antarctica.
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Supplementary Figure 3. Model spin-up. A) Modeled grounding line retreat during the spin-up phase (color-coded).
Dashed blue line is the grounding line location in 1996 (2), solid blue line is the grounding line location in 2023
(3). Yellow stars are the location of Mouginot Ridge and South Ridge. Background is the RADARSAT-1 mosaic of
Antarctica. (B) Ice discharge during the spin-up phase. Black line is observed ice discharge in 1996 and shaded area is

the standard deviation (4).
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Supplementary Figure 4: Implications of the 100 m seafloor correction. a Modeled grounding line location for
maximum a-posteriori simulations (melt rate of 100 m yr~! and grounding zone of 3 km) in 2023 for model run with
original bathymetry (5) (solid red line), and with 100 m lifting under floating ice (solid green line). Dashed green
and red lines are the grounding line location at the beginning of the hindcast exercise, representative of 1996. Dashed
blue line is the observed grounding line location in 1996 (6), solid blue line is the observed grounding line location in
2023 (3). Yellow stars are the location of Mouginot Ridge and South Ridge. Background is the RADARSAT-1 mosaic
of Antarctica. b Ice discharge for simulation with original bed (red line) and with 100 m lifting under floating ice (green
line). Black line is observed ice discharge in 1996 and shaded area is the standard deviation (4).
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Supplementary Figure 5: Model-data comparison. a Basal melt rate as average between 2010-2021 from satellite
observations (7). Dark green line is the extent of the grounding zone in 1996 on Thwaites Main Trunk and Eastern Ice
Shelf from satellite observations (6). Blue line is the extent of the grounding zone in 2023 (3). b Observed melt rate (7)
(black line) and the prescribed depth-dependent melt-rate parameterizations (red lines), with different shades indicating
different maximum prescribed melt rates, along the dashed transect shown in panel a.
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Supplementary Figure 6: Bayesian calibration. Posterior density function P (0, | y), representing the probability of
simulations employing the parameter 6; to reproduce the observed data y. The discrete distribution is smoothed in a
continuous curve. In a, 6; is melt rate; in b, 6; is grounding-zone length.
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Supplementary Figure 7: Future grounding line retreat. Color-coded lines are the modeled grounding line location
from 1996 to 2100. The dashed and solid blue lines are the grounding line locations observed in 1996 and 2023,
respectively (6). Yellow stars are the location of Mouginot Ridge and South Ridge. Background is the RADARSAT-1
mosaic of Antarctica.
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Supplementary Figure 8: Sea-level equivalent in 2100 as function of melt rate and grounding-zone length. a
Sea-level equivalent (SLE) in 2100 for simulations with different melt rates. Black line is the average and shaded area
is the standard deviation across simulations with different grounding-zone lengths. b Percentage change in SLE for
consecutive 10 m yr~! increases in basal melt rate. ¢ Sea-level equivalent (SLE) in 2100 for simulations with different
grounding-zone lengths. Black line is the average and shaded area is the standard deviation across simulations with
different melt rates. d Percentage change in SLE for consecutive 1 km increases in grounding-zone length.



Supplementary Table 1. RMSE values for TEIS Retreat [km?]. RMSE is the root-mean-square error between
modeled results and observed grounding line retreat for TEIS, y =3794-25 km? (8). Minimum RMSE is underlined.

Grounding-zone length

Melt Rate Okm 1km 2km 3km 4km 5S5km 6km
10myr—t [ 207.1 187.8 180.8 1767 1733 1702 1673
20m yr~! 199.3 179.7 1722 167.3 162.8 158.6 1549
30myr—! | 190.8 169.7 160.1 154.0 148.8 144.1 140.1
40 m yr~! 182.3 158.6 147.7 140.0 1337 129.1 125.0
50myr—! | 171.1 1452 1324 1250 1177 1103 103.0
60 myr—! 160.2 119.2 1069 98.7 91.4 82.8 75.7
70 m yr~! 146.4 105.6 92.2 82.5 75.0 68.0 60.8
80 m yr—! 134.6  96.9 82.1 72.9 63.0 51.7 36.4
90myr~! | 1246 92.1 74.4 61.2 39.3 18.6 2.1
100myr~! | 117.5 83.7 65.5 34.7 3.9 21.1 40.5
110myr~! | 1142 776 46.6 1.3 30.9 51.3 66.1
120myr—t | 111.6  72.0 17.1 30.1 54.4 73.0 88.9
130myr—! | 109.6 659 12.6 50.7 75.2 942 108.4
140 myr~! | 107.8 52.6 35.0 69.0 943 1103 1244
150myr~! | 106.4 30.6 51.2 872 108.1 1242 1474

Supplementary Table 2. RMSE values for TMT retreat [km?]. RMSE is the root-mean-square error between mod-
eled results and observed grounding line retreat for TMT, y =5674-25 km? (8). Minimum RMSE is underlined.

Grounding-zone length

MeltRate | Okm 1km 2km 3km 4km Skm 6km
10myr—t [ 5522 5457 5423 5403 5388 5377 536.6
20myr—t | 532.6 5203 508.6 5032 499.4 4950 490.5
30myr—! | 511.4 473.6 456.6 4484 442.6 4375 4323
40myr~! | 481.9 4373 4245 4005 3682 3445 328.6
50myr—! | 443.0 4042 340.7 312.1 297.0 2859 276.9
60myr—! | 4132 3342 2815 2653 253.1 2280 207.9
70myr—t | 397.5 277.1 2483 2173 1937 1627 1335
80myr~! | 385.6 248.1 202.1 168.5 1127 2.5 67.5
90myr~! | 3754 2235 161.7 49.8 793 169.5 2353
100myr—! | 364.8 180.2 86.6 1154 2373 2974 3278
110myr~! | 3547 1464 89.6 2585 3299 371.6 4074
120myr~—! | 309.9 1255 206.1 3423 399.8 444.1 476.1
130myr—t | 279.1 422 3184 4073 465.1 497.7 509.4
140myr—t | 259.1 98.7 375.1 4669 5047 5143 584.4
150myr—t | 244.1 189.8 4299 5044 517.0 591.8 848.8




Supplementary Table 3. RMSE values for glacier thinning [m]. RMSE is the root-mean-square error between
modeled results and observed glacier thinning between 1996 and 2020, y =-12.84+£0.92 m (9). Minimum RMSE is
underlined.

Grounding-zone length
MeltRate | Okm 1km 2km 3km 4km Skm 6km
10myr—! 6.3 6.7 6.8 6.8 6.7 6.7 6.6
20m yr—! 6.1 6.4 6.4 6.4 6.3 6.2 6.1
30myr! 59 6.1 6.2 6.0 59 5.7 5.5
40 m yr—! 5.7 59 5.8 5.7 5.6 5.4 52
50 myr~! 5.7 5.8 5.8 5.6 53 5.0 4.6
60 myr—! 5.7 59 5.7 53 4.9 4.4 4.0
70 m yr—! 5.7 5.7 53 4.9 4.4 3.8 3.1
80m yr—! 5.7 5.5 5.0 4.4 3.7 2.9 1.8
90 m yr—! 5.7 53 4.6 3.7 2.6 1.3 0.1
100 m yr—! 5.7 5.1 4.0 2.7 1.1 0.3 1.5
110 myr—! 5.7 4.8 3.4 1.3 0.3 1.8 3.1
120 m yr—! 5.7 4.4 2.2 0.0 1.8 33 4.6
130 m yr—! 5.7 3.9 1.2 1.2 3.0 4.6 6.1
140 m yr—! 5.7 3.5 0.2 2.3 43 6.0 7.6
150 m yr—* 5.6 2.9 0.8 34 5.6 7.4 9.2

Supplementary Table 4. RMSE values for glacier speed-up [m yr—']. RMSE is the root-mean-square error between
modeled results and the mean observed glacier speed-up along the along the fastest moving sector of Thwaites (dashed
line in Fig. 1A), from 1996 to 2022, y =145418.3 m yr—! (8). Minimum RMSE is underlined.

Grounding-zone length

Melt Rate Okm 1km 2km 3km 4km Skm 6km
10myr—! [ 160.0 1589 1582 157.8 1575 1572 157.0
20myr~! | 1554 1527 1499 1487 147.8 146.8 1458
30myr! 150.0 140.6 1355 133.6 1325 131.5 130.7
40 m yr~! 142.8 130.5 1284 1269 1252 1235 121.7
50myr~—! | 1322 1245 121.6 1190 1172 1156 1142
60m yr—! 1256 1186 113.7 1112 109.6 106.7 104.1
70myr~! | 121.1 112.1 108.1 1050 1009 86.8 78.8
80 m yr—! 1182 107.5 102.6 96.1 73.3 15.5 35.2
90 m yr~! 1159 104.0 94.1 60.9 48.6 78.6 104.6
100myr~! | 1133  99.3 70.9 71.8 1149 146.3 158.2
110myr~! | 111.5 915 62.3 134.0 167.7 180.6 186.8
120myr~! | 109.6 857 1199 180.0 193.4 200.3 2083
130myr~! | 1064 642 1743 2002 2119 2272 2305
140myr~' | 1040 27.6 200.6 2156 2362 233.7 2472
150myr—! | 1023 115.6 2109 2395 2374 2539 5819
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Supplementary Table 5: Tabulated sea-level contribution in 2100. Calculated sea-level equivalent [mm] of Thwaites
glacier in 2100 from model simulations. Mean of the ISMIP6 ensemble (/0) is 15.24+21.8 mm.

Grounding-zone length

MeltRate | Okm 1km 2km 3km 4km Skm 6km
10myr! 4.8 4.9 4.9 4.9 5.0 5.0 5.0

20myr—! 4.9 5.1 53 53 54 54 55

30myr! 52 55 5.6 5.8 6.2 6.4 6.6

40 m yr—! 54 6.0 6.7 7.1 7.4 7.6 7.8

50 myr—! 5.7 7.1 7.7 8.0 8.2 8.5 8.9

60 myr—! 5.8 79 8.3 8.9 10.1 11.0 118
70 myr—! 6.0 8.4 99 11.7 128 135 140
80m yr—! 6.6 9.4 124 138 146 150 153
90 m yr—! 7.3 11.6 14.1 15.1 155 168 20.0
100 m yr—* 7.8 132 152 158 190 23.0 272
110 myr—! 8.3 143 158 194 252 302 338
120 m yr—* 8.8 15.1 175 251 314 359 394
130 myr—! 9.1 157 221 307 365 412 452
140 m yr—! 94 16.6 27.0 354 415 465 499
150 m yr—! 9.9 18.1 314 399 465 512 554
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