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1 Results for the stepwise regression fit

A model is constructed to minimizing ice volumes resultsfitidetween the sub-grid model and
ISSM. To determine which topographic characteristicsifigantly reduces the misfits, a stepwise
multilinear regression method is used. Simulation are custéady state (2 kyr) using a constant
precipitation rate of 1 mm/yr and a sea level temperatureirigrof 0°C. These simulations are
performed over 3 sets of 7 topographic regions.

Using the flow direction, the number of local maxima (testéithwadius sizes of 2, 6 and 10 grid
cells) and the sum of the squared slopes in the regressioalmiahot reduce the misfits. The other
characteristic tested are the terrain ruggedness, thenearin the slopes/opevar Norm, and the
standard deviation of the surface elevation topograghy.

Table[S1 summarizes the results of the stepwise regressiohdh these parameters are used in
different combinations (cases 1 to 8). 'In’ indicates thms tvariable does minimize the differences
between the ice volume generated by ISSM and the model gedewvih the stepwise regression fit.
'Out’ indicates no minimization and the variable is not képthe regression model. The stepwise
regression fit is tested on experiments using the first and thpographic data set ("ids1"), the first
and the second ("ids2") and the second and the third ("id&3furth experiment ("all ds") uses all
the data. In that last case, no data are left to test the mbthed. rmse*e+10 (3ds)’ represents the
root mean square error, in 1M° of ice, between the ice volume generated by ISSM and the model
generated by the stepwise regression fit results, usinghtiee data sets. The regression model,
Vyegmod that generates the lowest misfits accounts only for thedaraindeviation of the topography
(case 7) and is define as:

Vyegmod = 0.79Vsq + 2.2017€8 Syq )



Table S1.Stepwise regression fit results

idsl ids2 ids3 all ds rmse sum
case 1l
Ice volume SG ‘In’ 'In’ 'In’ ‘In’
terrain ruggedness 'In’ ‘Out’ ‘In’ ‘In’
slopevarNorm ‘In’ 'Out’ ‘In’ ‘In’
S In’ In’ 'In’ In’
rmse*e+10 (3ds) | 7.3981 2.3025 8.9690 7.3981 26.068 (6)
case 2
Ice volume SG ‘In’ ‘In’ In’ ‘In’
terrain ruggedness 'Out’ ‘Out’ ‘In’ ‘In’
S In’ ‘In’ ‘Out’ ‘In’
rmse*e+10 (3ds) | 2.9883 2.3025 5.6907 2.9883 13.970 (2)
case 3
Ice volume SG ‘In’ ‘In’ In’ ‘In’
terrain ruggedness 'Out’ ‘Out’ ‘In’ ‘In’
slopevarNorm ‘Out’ ‘In’ ‘Out’ ‘Out’
rmse*e+10 (3ds) | 8.2247 2.6692 5.6907 8.2247 24.809 (4)
case 4
Ice volume SG ‘In’ ‘In’ In’ ‘In’
slopevarNorm ‘Out’ 'Out’ ‘Out’ 'Out’
S In’ ‘In’ 'In’ In’
rmse*e+10 (3ds) | 2.9883 2.3025 2.1609 2.9883 10.440 (1)
case 5
Ice volume SG ‘In’ ‘In’ In’ ‘In’
terrain ruggedness 'Out’ 'Out’ ‘In’ ‘In’
rmse*e+10 (3ds) | 8.2247 4.1280 5.6907 8.2247 26.268 (7)
case 6
Ice volume SG ‘In’ ‘In’ In’ ‘In’
slopevarNorm ‘Out’ ‘I’ ‘In’ ‘In’
rmse*e+10 (3ds) | 8.2247 2.6692 3.1347 8.2247 22.253 (3)
case 7
Ice volume SG ‘In’ In’ In’ ‘In’
Satg ‘In’ ‘In’ 'In’ In’
rmse*e+10 (3ds) | 2.9883 2.3025 2.1609 2.9883 10.440 (1)
case 8
Ice volume SG ‘In’ ‘In’ In’ ‘In’
rmse*e+10 (3ds) | 8.2247 4.1280 5.3374 8.2247 25.915(5)




2 Surface elevation and velocities on an inclined plane whetlifferent numbers of hypsomet-
ric levels are used (Fid.Sl1)
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Figure S1.Sensitivity to the number of hypsometric levels for an experiment usimg devel temperature set

to 0°C and the desertification factor to 0.&. Represents the surface elevation &nthe velocities’ profiles
after 2 kyr.
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Figure S2. Average percentage of hypsometric level jumps in the 21 regions auhlylaen different number
of hypsometric levels are used.



4 Ice characteristics at steady state for six different regins in the Canadian Rockies (Fi§.33)
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Figure S3.Comparison of the ice characteristics when different hypsometric lavelased in the SG model.
Result shown at steady state after 2 kyr simulation for six different negéo represents the surface elevation,

b. the ice thickness;. the velocities andl. the slopes. Solid black line represents the bed topography using 30

hypsometric levels. Solid blue lines are related to ISSM. The other linesspond to the SG model results
using 5 (dashed green lines) and 10 (dashed-doted red lines) hgtolevels.



5 Ice evolution on an inclined plane for different forcings FiglS4)
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Figure S4. Surface elevation and velocities evolution over an inclined plane using I&8MWhe SG model.

Simulations use a sea level temperature forcing@f @nd an elevation desertification factor of 0.&iandc,
and 0 inb andd.



6 Ice characteristics evolution when different parameterzation method are used (Fig.35)
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Figure S5.Comparison of the ice characteristics when different parameterizatgouosad in the SG model.
Result shown at steady state after 2 kyr simulation for six different nsgéo Represents the surface elevation,

b. the ice thickness;. the velocities andl. the slopes. Solid black line represents the bed topography using 30
hypsometric levels. Solid blue lines are related to ISSM. The other linesspwnd to the SG model results
with no additional parameterization (dashed red lines), the parametenizdtihe velocities at every levels
(para 1, solid cyan lines) and the parameterization of the slope at thetllewels(Para 2, dashed-doted green
lines). 10 hypsometric levels.



7 Simulation for a case where more ice is generated when the SGodel is activated (Fid.Sb)
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Figure S6. Ice thickness comparison at 50 ka, using a parameter vector rapngsa increase of ice thick-
ness when the SG model is usedlce thickness when SG is activatdil.Ice thickness differences between
simulations where the SG model is on and off.
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Figure S7.lce volume evolution using the ensemble parameter vectors represtimgximum positive (red)
and negative (blue) differences between simulations with the SG mdileltad or not.



9 Flux method comparison (Fid.SB)

A 12 . —
£ flux 1T ——
= flux 2 ———--
g 10f flux off
g flux 1 NofluxOut e
5 8} 1
o
()
T of -
Q£
e a4} .
n
9
g 2t -
%2}
]
o 1
-120 -119 -118 -117 -116 -115
Time (ky)

-114

Eustatic sea level equivalent (m)!':r

25 L] L] L] L
flux 1 ——
flux 2 ———--
20 p. flux off -

15

10

flux 1 NofluxOut

Time (ky)

Figure S8.Ice volume evolution for a simulation over North America with the SG modeladron &. during
inception andb. deglaciation). "flux 1" represents the flux code used in our SG modklfaix 2", the flux
code used in_Marshall etlal. (2011) experiment. "flux off" represéme simulation where no flux is allowed

between SG levels.

10 Ice volume redistribution on coarse grid (Fid.SP)
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Figure S9.Total ice volume evolution for a simulation using one of the parameter vétabrgenerates the
better fit to calibration constraints. Different curves represent simulatieere different methods are used to
redistribute ice a the CG level when the SG model is activated.
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