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Figure S1. Comparison of observational data for (A) the confinement-width profiles and (B) the flow-speed profiles between the Greenland

outlet glaciers from Beckmann et al. (2019) that we use in our scaling analysis.
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Figure S2. Comparison of scaling results for four different choices of the averaging ranges along the velocity and width profiles of the

analyzed Greenland outlets. Panel A shows the result presented in the main manuscript (Sect. 3.1 and Fig. 3), which is based on the full range

of the width profile (denoted by Wfull) but neglects the ocean-ward third of the velocity profile (denoted by V2/3). The other three panels

show the results for the three other possible combinations of (not) excluding the ocean-ward third of the velocity and/or width profiles.

3



200 400 600 800

x (km)

120

60

0

60

120

y
 (

km
)

10

100

1000

Ic
e
 s

u
rf

a
ce

 s
p

e
e
d

 (
m

 y
r−

1
)

Figure S3. Magnitude of simulated ice surface velocity in equilibrium for a stable configuration (W = 100 km). Inside the bed confinement

ice flow accelerates towards the ocean, forming an ice stream that feeds the downstream ice shelf. Thick grey contours indicate positions of

grounding line (continuous) and fixed calving front (dashed).
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Figure S4. Magnitude of spatial derivatives in x and y directions of the ice-speed components vx and vy after equilibration of the simulated

ice-sheet-shelf system in a stable configuration (W = 100 km). Grey contours indicate positions of grounding line (continuous) and fixed

calving front (dashed).
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Figure S5. Time scaling of simulated unstable ice-sheet retreat. Characteristic retreat timescale T down the retrograde bed slope (measured

in years per km of retreat) dependent on the width of the confinement and the basal friction coefficient C (legend). The inset shows the

scaling if data is normed to a reference confinement width and the associated reference timescale. The black curves give the scaling behavior

according to the analytically-derived scaling relation (Eq. 4).
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Figure S6. Time scaling of simulated unstable ice-sheet retreat dependent on the scaling of the ice softness, the depth of the confinement,

the length of the confinement, the width of the confinement and the accumulation rate (legend).
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Figure S7. Convergence study of the centerline grounding-line evolution for a stable configuration (W = 100 km, dashed lines) and an

unstable configuration (W = 220 km, continuous lines). The region between the two thin horizontal lines corresponds to the section of

retrograde bed slope.
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Figure S8. Median values of extracted characteristic scales for each outlet. (A) Ice softness, (B) confinement depth, (C) confinement length

scale and (D) confinement width.
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Figure S9. Vertically averaged Antarctic ice softness field from the ice sheet model PISM computed under present-day boundary conditions

in the course of the recent ISMIP 6 Antarctica intercomparison project (Seroussi et al., 2020). Position of grounding line and calving front

represented by black contours.
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Figure S10. Data used to infer the scaling ratio distributions, forming the basis for our timescale calculation, shown for Thwaites Glacier (TG)

with respect to the reference Pine Island Glacier (PIG). (A) Elevation of bedrock along the streamlines of the TG confinement (colors, see

panels (C) and (D)) with flux-weighted average (thick black) and retrograde slope section (red) that is used to infer the outlet’s characteristic

vertical scale at location p1 and the slope magnitude (length scale) between p1 and p2. (B) Flux-averaged bed geometry of TG’s retrograde

slope section from panel (A) (red), scaled with the respective length-scale ratio and normalized to the dimensions of PIG (blue), revealing

the similarity of both slopes. Maps of (C) bed topography (Morlighem et al., 2020) and (D) surface velocity (Mouginot et al., 2019) with

inferred streamlines (colored) and lateral confinement (magenta). (E) Distributions of the scaling ratios for the ice softness α, confinement

depth β, confinement length δ and confinement width ω (5th to 95th percentiles; with likely range, i.e., 17th to 83th percentiles, highlighted in

blue).
11



0 10 20 30 40 50

Distance along transect (km)

1500

1000

500
B

e
d
 e

le
v
a
ti

o
n
 (

m
)A

Smith Glacier (SG)

0.0 0.2 0.4 0.6 0.8 1.0

Distance along scaling range (normalized)

1.0

0.8

0.6

0.4

0.2

0.0

B
e
d
 e

le
v
a
ti

o
n

(n
o
rm

a
liz

e
d
)

B
PIG SG

C Bed topography (m) D Surface speed (m/yr)

1500

1000

500

0

0

500

1000

1.0 1.2 1.4

α

0

10

20

30

40

50

N

E
Scaling ratios

Softness

0.5 1.0

β

Depth

0 2 4 6

δ

Length

0.45 0.50 0.55 0.60

ω

Width

Figure S11. Same as Fig. S10, here for Smith Glacier (SG).
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Figure S12. Same as Fig. S10, here for Cook Glacier (CG).
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Figure S13. Same as Fig. S10, here for Ninnis Glacier (NG).

14



0 10 20 30 40 50

Distance along transect (km)

2500

2000

1500

1000

B
e
d
 e

le
v
a
ti

o
n
 (

m
)A

Denman Glacier (DG)

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5

Distance along scaling range (normalized)

5

4

3

2

1

0

B
e
d
 e

le
v
a
ti

o
n

(n
o
rm

a
liz

e
d
)

B
PIG DG

C Bed topography (m) D Surface speed (m/yr)

1500

1000

500

0

0

750

1500

0.50 0.55 0.60 0.65

α

0

20

40

60

80

100

N

E
Scaling ratios

Softness

0.5 1.0 1.5

β

Depth

0 1 2 3

δ

Length

0.40 0.45

ω

Width

Figure S14. Same as Fig. S10, here for Denman Glacier (DG).
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Figure S15. Same as Fig. S10, here for Lambert Glacier (LG).
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Figure S16. Same as Fig. S10, here for Mellor Glacier (MG).
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Figure S17. Same as Fig. S10, here for Slessor Glacier (SLG).
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Figure S18. Same as Fig. S10, here for Recovery Glacier (RG).
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Figure S19. Same as Fig. S10, here for Support Force Glacier (SFG).
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Figure S20. Same as Fig. S10, here for Foundation Ice Stream (FIS).
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Figure S21. Same as Fig. S10, here for Institute Ice Stream (IIS).
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Figure S22. Same as Fig. S10, here for the eastern branch of Kohler Glacier (KGe), which is dicarded in our study.
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Figure S23. Same as Fig. S10, here for the western branch of Kohler Glacier (KGw), which is dicarded in our study.
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Figure S24. Same as Fig. S10, here for Pope Glacier (PG), which is dicarded in our study.
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