S1 Basal ice speed and basal drag map
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Figure S1. Basal sliding speed (a) and basal shear stress (b) in the Amundsen Sea Embayment retrieved from the surface-to-bed inversion.
The black dots mark the locations of the seismic observation sites.
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S2 Posterior probabilities when using sub-sampled data
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Figure S2. Normalized probabilities when using only every 10th acoustic impedance measurement collected on Pine Island Glacier (PIG).

Otherwise, as Fig. 6 in the main text.
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S3 Metrics involved in determining the acoustic impedance misfit
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Figure S3. Metrics involved in predicting the acoustic impedance based on the Viscous Grain-Shearing (VGS) theory and calculating the
misfit to the seismic observations. The black, blue, and red colours (lines, points, and axes) represent acoustic impedance, basal ice speed,
and basal drag and effective pressure, respectively. The results are based on the Zoet-Iverson (ut non) sliding law with the maximum a
posterior (MAP) parameter values. p was fixed at 0.5.
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S4 Prior distribution — Maximum up-slope angle of the bed and Iken’s bound

The distribution of the up-slope angles of the bed in flow direction (/) and the corresponding Iken’s bound (Cyyax = tan j3;
Fig. S4) is examined for the center part of Pine Island Glacier (PIG; magenta box in Fig. S5). As the horizontal grid resolution
of Bedmap?2 is 1 km Fretwell et al. (2013)), the maximum up-slope angle (and therefore Cyyax) on smaller scales might be
significantly larger than suggested by the distribution in Fig. S4. For example, autonomous underwater vehicle (AUV) data
collected downstream of Thwaites Glacier (1.5 m horizontal resolution; Graham et al., 2022) and under the Thwaites Eastern
Ice Shelf (2 m horizontal resolution; Wahlin, unpublished data) indicate that the maximum Cl,,, > 0.7 (largest value tested
within this study; Fig. S6). However, as the horizontal resolution of the inversion used to derive the basal shear stress and sliding
speed is much coarser (1 km; same as the Bedmap?2 resolution), it is not straightforward to determine the Cyax prior directly
from the AUV data. Nevertheless, the chosen Cy,ax prior aims to incorporate higher bed angles at smaller scales through a
more gradual decline towards higher values while aligning the highest probability with the extreme values in Fig. S4.
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Figure S4. C',ax distribution in flow direction within the magenta box in Fig. S5. The Bedmap2 horizontal grid resolution is 1 km (Fretwell
et al., 2013). The bin width is 0.02.
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Figure S5. Bed height for areas with ice cover (grounded and floating; based on Bedmap2; Fretwell et al., 2013). The magenta box frames
the main trunk of Pine Island Glacier (PIG) and the black dots mark the locations of the acoustic impedance data sites.
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Figure S6. C'nax distribution from autonomous underwater vehicle (AUV) data collected downstream of Thwaites Glacier (a; 1.5 m hori-
zontal resolution; Graham et al., 2022) and under the Thwaites Eastern Ice Shelf (b; 2 m horizontal resolution; Wahlin, unpublished data).
The bin width is 0.1. Cinax values > 1.0 are not shown here. The corresponding spatial distributions are shown in Fig. S7.
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15 S5 Acoustic impedance data-model misfit under different sliding laws

S5.1 Weertman (endmember scenarios N = 0 Paand N = p;)
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Figure S8. Variations of the misfit X%),- with the two model parameters grain diameter (dg) and porosity (¢) under the Weertman-type end-
member scenarios N = p; (top panel) and N = 0 Pa (center panel). The bottom panel shows the preferred sliding law within the parameter
space. The red dots mark the minimum misfit.



S5.2 Budd (Cg)
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Figure S9. Variations of the misfit x&, with the three model parameters grain diameter (dg ), porosity (¢), and Budd friction parameter (Cg)
under a Budd sliding law. For the parameter not shown, the value yielding the minimum misfit is used and denoted next to the colorbar of
the corresponding panel. The red dots mark the minimum misfit.



S5.3 Coulomb (p)
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Figure S10. Variations of the misfit X%)i with the three model parameters grain diameter (dg ), porosity (¢), and Coulomb friction coefficient
() under a Coulomb sliding law. Otherwise as Fig. S9.
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S54 Tsai-Budd (Cg)
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Figure S11. Variations of the misfit X?ai with the three model parameters grain diameter (dg), porosity (¢), and Budd friction parameter
(CB) under a Tsai-Budd sliding law (u fixed at 0.5). Otherwise as Fig. S9.
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20 S5.5 Tsai-Budd (1)
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Figure S12. Variations of the misfit X%)i with the three model parameters grain diameter (dg ), porosity (¢), and Coulomb friction coefficient
(1) under a Tsai-Budd sliding law (C fixed at 37.01 m /3 s1/3). Otherwise as Fig. S9.
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S5.6 Schoof (Cs)

— m
E 10 b
< 20 %
o 1070 ~no £
g 15 L; g
5 gz
£ 1072 .07 @
& 1073 05 @
0.30 0.35 0.40 0.45 0.50 0.55 0.60
R Porosity, ¢
2 2.0
g _E
@ g
o 15 5
<
g g
2 108 1
E kS|
[}
< | 0.5
n 0.35 0.40 0.45 0.50 0.55 0.60
Porosity, ¢
E 104 1.50
< —
= 101, 1.2552
E 100 2 9
o} -2 | o
5 10 0.75
c
©
8 10 0.50
10° 10t 10% 103 104 10° 10° 107

Schoof friction parameter, Cs [MPa m~173 s1/3]

Figure S13. Variations of the misfit X2@i with the three model parameters grain diameter (d ), porosity (¢), and Schoof friction parameter
(Cs) under a Schoof sliding law (Cmax fixed at 0.5). The determination of X2@i is only possible when the number of incompatible u, —7y,
pairs is small (Fig. S14). Otherwise as Fig. S9.
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Figure S14. Percentage of incompatible u,—71, pairs under a Schoof sliding law when varying the Schoof friction parameter (Cs; Crmax
fixed at 0.5).
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S5.7 Schoof (Cpax)
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Figure S15. Variations of the misfit x_ with the three model parameters grain diameter (dy), porosity (¢), and Iken’s bound (Cimax) under
a Schoof sliding law (Cs fixed at 1-10°> MPa m™'/% s/3). Otherwise as Fig. S9.
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Figure S16. Percentage of incompatible u,—7, pairs under a Schoof sliding law when varying Iken’s bound (Cmax; Cs fixed at
1-10° MPam™'/3 s'/3),
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S5.8 Zoet-Iverson ()
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Figure S17. Variations of the misfit X%)i with the three model parameters grain diameter (dg ), porosity (¢), and Coulomb friction coefficient
() under a Zoet-Iverson sliding law (u¢ nox fixed at ~ 333 MPa™! m a™'). Otherwise as Fig. S9.
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Figure S18. Percentage of incompatible uy,—7, pairs under a Zoet-Iverson sliding law when varying the Coulomb friction coefficient (u;
Ut noN fixed at ~ 333 MPa ' m a’l).
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S5.9 Zoet-Iverson (¢ noN)
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Figure S19. Percentage of incompatible uy, —7, pairs under a Zoet-Iverson sliding law when varying the transition speed without the depen-
dence on NV (u¢,non; p fixed at 0.5).
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25 S6 Posterior probabilities when using different fractions of the overburden pressure
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Figure S20. Normalized probabilities given the seismic observations collected on PIG when using different fractions of the overburden
pressure, including the two Weertman-type endmember scenarios (/N = 0 Pa and N = p;). Otherwise, as Fig. 6 in the main text.
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S7 Acoustic impedance for most probable parameters
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Figure S21. The different panels show the predicted acoustic impedance. For all sliding laws, the acoustic impedance curve is based on the
MAP (highest posterior probability) model parameters.
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S8 Posterior probabilities for (log-)uniform prior distributions
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Figure S22. Normalized probabilities of all sliding laws examined in this study given the acoustic impedance observations collected on PIG,
and log-uniform prior distributions for scaling coefficients and uniform priors for other parameters. Otherwise, as Fig. 6 in the main text.
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S9 Effective pressure for most probable parameters
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Figure S23. The different panels show the predicted effective pressure. For all sliding laws, the effective pressure curve is based on the
MAP (highest posterior probability) model parameters. By definition, the low effective pressure Weertman-type endmember scenario has
N = 0 Pa and only the MAP parameter values are shown here (not the curve itself). Note the logarithmic scale of the y-axes.
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