Data charts and organization of data files

1 Organization of data files

1.1 Naming scheme

Data files with simulation results are named according to the following scheme (Pattyn et al., 2008):
NNNMELLL.txt

Placeholders have the following meaning:

NNN: short for the initials of the researcher who preformed the experiments (here: tsa)

e M: the number of models (here: 1)

E: the experiment (here: B or D), and

LLL: three numbers denoting the length of the modeled domain (005, 010, 020, 040, 080, 160)

Data files show output for all grid points in the horizontal for the domain from 0 to the model width L (or between 0 and
1 for scaled coordinates). All variables are taken either at the surface y, or at the basis of the ice at y,. The abbreviations
for the study presented here and the comparison models are named accordingly (see Table 1).

Because experimental data have been compiled by different authors, the abbreviations for this study are 'tsal' (2D
experiments of ‘B’ and ‘D’) and ‘jlal’ (all other experiments).

1.2 Symbols and axes

Symbol Variable Typical unit
T xy(yb), sz(]/b) basal shear stress perpendicular to y Pa

v, (yp), v, (yp) velocity at ice basis, x- and z-component m/a

0, (Ys)s Uy(]/s)» v,(¥s)  velocity at ice surface, x-, y-, and z-component m/a

X7z normalized coordinates parallel (%, ) and vertical (i) to the tilted surface m

Table S1: Symbols used in the diagrams below. For simplicity the y-axis is always the vertical axis, regardless of 2D or 3D setup

1.3 Data files for experiment A

For Experiment A the following output has been compiled in each file in that order: the normalized x position, the
normalized y position, the horizontal velocity in x direction at the surface, the horizontal velocity in y direction at the
surface, the vertical velocity at the surface, the basal shear stress in x direction, the basal shear stress in y direction and
the difference between the isotropic and the hydrostatic stress at the basis of the ice.
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1.4 Data files for Experiment B

For Experiment B the following output has been compiled in each file in that order: the normalized x position, the
horizontal velocity at the surface, the vertical velocity at the surface, the basal shear stress and the difference between the
isotropic and the hydrostatic stress at the basis of the ice.

For 3D experiments, values are given for a profile at Z = 0.25:

& Uy (]/ s) Uy (ys) Txy (]/ b) Ap

For 2D experiments:
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1.5 Data files for Experiment C

For Experiment C the following output has been compiled in each file in that order: the normalized x position, the
normalized y position, the horizontal velocity in x direction at the surface, the horizontal velocity in y direction at the
surface, the vertical velocity at the surface, the horizontal velocity in x direction at the base, the horizontal velocity in y
direction at the surface, the basal shear stress in x direction, the basal shear stress in y direction and the difference between
the isotropic and the hydrostatic stress at the basis of the ice.
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1.6 Data files for Experiment D

For Experiment D the following output has been compiled in each file and in the given order: the normalized x position,
the horizontal velocity at the surface, the vertical velocity at the surface, the horizontal velocity at the basis, the basal
shear stress and the difference between the isotropic and the hydrostatic stress at the basis of the ice.
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1.7 Data files for Experiment E

For Experiment B the following output has been compiled in each file and in the given order: The normalized x position,
the horizontal velocity at the surface, the vertical velocity at the surface, the basal shear stress and the difference between
the isotropic and the hydrostatic stress at the basis of the ice.

& Uy (]/s) vy (ys) Ty (]/ b) Ap

1.8 Data files for Experiment F

For Experiment A the following output has been compiled in each file: The normalized x position, the normalized z
position, the y position at the surface, the velocity in x direction, the velocity in y direction and the vertical velocity.
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2 Explanations to the diagrams

2.1 Experiment A

This is a 3D ice-stream experiment of flow over a bumpy bedrock surface. The presented results have been calculated on
an adapted grid (compare text) with a mesh resolution of 128 x 64 x 8. Compare text for further explanations and
parameters.

The surface velocity is given in m/a, shear stress is given in kPa. Data is plotted in Figures S1 and S2. Each model size is
shown separately and compared to previous results from full-Stokes solutions compiled in Pattyn et al. (2008) (see Table
S2).

2.2 Experiment B

This is a 3D and 2D ice-stream experiment of flow over a rippled bedrock surface. The presented results have been
calculated on an adapted grid (compare text) with a mesh resolution of 128 x 64 x 8 for 3D experiments. The resolution
in 2D is 256 x 128. Compare text for further explanations and parameters.

The horizontal surface velocity is given in m/a, shear stress is given in kPa. Data is plotted in Figures S3 to S6 for 3D and
2D settings. Each model size is shown separately and compared to previous results from full-Stokes solutions compiled
in Pattyn et al. (2008) in case of the 3D experiments (see Table S2). Diagrams with results of the 3D experiments compare
them to the results of the 2D setup.

2.3 Experiment C

This is a 3D experiment. The bedrock topography is flat, but the basal friction coefficient is prescribed by a sinusoidal
function. The mesh resolution is 128 x 64 x 8. For further explanations see main text.

Velocities are given in m/a, shear stress and pressure is given in kPa. Data is plotted in Figures S5 and S6. Each model
size is shown separately and compared to previous results from full-Stokes solutions compiled in Pattyn et al. (2008) (see
Table S2).

2.4 Experiment D

This is a 2D ice-stream experiment. The results presented here have been calculated on an rectangular grid with a mesh
resolution of 375 x 75. Parameters and explanations are given in the main text.

The horizontal velocity at the surface and at the basis of the ice sheet is given in m/a, shear stress in x-direction is given
in kPa. Data is plotted in Figures S7, S8 and S9. Each model size is shown separately and compared to previous results
from full-Stokes solutions compiled in Pattyn et al. (2008) (see Table S2).

2.5 Experiment E

Exp. E is an experiment along the central flowline of a temperate glacier in the European Alps and thus essentially a 2D
experiment. The model input consists of the longitudinal surface and bedrock profiles of Haut Glacier d’Arolla,
Switzerland (Blatter et al., 1998 and Pattyn, 2002). In a first experiment the ice is frozen to the ground. A second variant
considers a narrow zone of zero traction close to the center. The mesh geometry has been adapted to the bedrock
topography, the resolution is 50 x 50. Compare main text for parameters and further explanations.

The horizontal velocity at the surface and at the basis of the ice sheet is given in m/a, shear stress in is given in kPa. Data
is plotted in Figures S11 and S12. Each model size is shown separately and compared to previous results from full-Stokes
solutions compiled in Pattyn et al. (2008) (see Table S2).

2.6 Experiment F

Experiment F is a 3D ice-stream experiment over a central Gaussian bump. The free surface is allowed to relax until a
steady state is reached. The mesh resolution is 240 x 48 x 240, and the mesh geometry has been adapted to the bedrock
topography. Experiments are run with a slip ratio ¢ = 0, which means that ice is effectively frozen to the ground. This
experiment uses Newtonian viscosity, in difference to previous experiments. Compare main text for parameters and
further explanations.

Figures S12 and S13 compare the results to two full-Stokes solutions compiled in Pattyn et al. (2008). Surface height is
given in m, velocity in m/a.

2.7 Comparison models

The data plots below compare the results of this study with previous full-Stokes solutions compiled in the reference paper
by Pattyn et al. (2008).

Model Dimensions Method Reference




tsal 2 MPM this study, based on Mansour et al. (2020)
jlal 2,3 MPM this study, based on Mansour et al. (2020)
aas2 3 FE unpublished

cmal 3 FE Martin et al. (2004)

jvijl 3 FE Johnson and Staiger (2007)

mmrl 3 FE unpublished

ogal 3 FE (Gagliardini and Zwinger, 2008)

rhil 3 Sp Hindmarsh (2004)

rhi3 3 Sp Hindmarsh (2004)

ssul 2 FE Sugiyama et al. (2003)

Table S2: Model: abbreviation used in Pattyn et al., (2008) and in the diagrams. Dimensions: model dimensions. Method: numerical
method: FE = finite elements, Sp = spectral method, MPM = material point method.



3 Diagrams for Experiment A
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Figure S1: Experiment A. Surface velocity in x-direction v,, (ys) atZ = 0.25. Black line: this study (jlal).
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4 Diagrams for Experiment B

Experiment B - 2D results
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Figure S3: Experiment B (2D). Surface velocity in x-direction Uy (ys) at Z = 0.25. Black line: this study (tsal).
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Figure S4: Experiment B (2D), n=3. Shear stress in x-direction at the basis, Tay (yh). Black line: this study (tsal).




Experiment B - 3D results
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Figure S5: Experiment B (3D). Surface velocity in x-direction Vyy (ys) atZ = 0.25. Black: 3D results (jlal), red: 2D results (tsal).



5 km

(o]
o
!

tsal (2D)
——jlal (3D)

~
o
1

1

(o))
o
L

shear stress (kPa)

0.0 0.2 0.4 0.6

X norm.
20 km

0.8

90 A
85 A
80 -
75 4
70 4
65

shear stress (kPa)

S

60 -
554

50 A

0.0 0.2 0.4

X norm.

80 km

0.6 0.8

110
100
90 A
80 -
70 1

60 -

shear stress (kPa)

B

50 A

40

0.0 0.2 0.4 0.6

X norm.

0.8

shear stress (kPa) shear stress (kPa

shear stress (kPa)

10 km

75.0 A
72.5 A
70.0 A
67.5 -
65.0 -
62.5 -
60.0 -

575

0.0 0.2 0.4 0.6

X norm.
40 km

0.8 1.0

100 4

90 A

80 A

70 A

60 1

50 A

40 A

0.0 0.2 0.4 0.6

X norm.

160 km

0.8 1.0

110
100 -
90 -
80 -
70 4
60 -
50 A
40

0.0 0.2 0.4 0.6

X norm.

0.8 1.0

Figure S6: Experiment B (3D). Shear stress in x-direction at the basis, T Xy (yb) atz = 0.25. Black: 3D results (jlal), red: 2D results

(tsal).




S Diagrams for Experiment D
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Figure S87: Experiment D. Velocity in x-direction at the surface, v, (ys). Black line: this study (tsal).
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Figure S8: Experiment D. Velocity in x-direction
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Figure 89: Experiment D. Shear stress in x-direction at the basis, T xy (}/b)' Black line: this study (tsal).



6 Diagrams for Experiment E
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Figure S10: Experiment E. Surface velocity in x-direction, v, (ys). Black line: this study (jlal). Top: no-sliding experiment. Bottom:
a narrow zone of zero traction exists close to the center.
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Figure S11: Experiment E. Basal shear stress T W (yb) in direction of ice flow. Top: no-sliding experiment. Bottom: a narrow zone
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7 Diagrams for Experiment F
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Figure S12: Experiment F. Surface height as a function of distance from the central Gaussian bump, flow occurs parallel to x.
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