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Supplementary Table  2. non-varying IGM parameter values

IGM parameter name Description System component
Value (fixed for all  
ensemble simulations)

Unit

clim_update_freq Frequency at which the climate is updated using glacial index Input climate 100.0 yr

smb_accpdd_update_freq Update the Surface Mass Balance (SMB) each x years Surface mass balance 1.0 yr

smb_accpdd_thr_temp_snow Threshold temperature for solid precipitation Surface mass balance 0.0 °C

smb_accpdd_thr_temp_rain Threshold temperature for liquid precipitation Surface mass balance 2.0 °C

smb_accpdd_melt_factor_snow Positive Degree Day melt rate for snow Surface mass balance 1.20409532638 m °C-1 yr-1

smb_accpdd_shift_hydro_year This serves to start Oct 1. the acc/melt computation Surface mass balance 0.75 yr

smb_accpdd_ice_density Density of ice for conversion of SMB into ice equivalent Surface mass balance 910.0 kg m-3

smb_accpdd_wat_density Density of water Surface mass balance 1000.0 kg m-3

iflo_regu_weertman Regularization parameter for Weertman's sliding law Basal sliding 10-10 n/a

iflo_exp_glen Glen's flow law exponent Ice flow 3.0 n/a

iflo_exp_weertman Weertman's law exponent Basal sliding 4.0 n/a

iflo_gravity_cst Acceleration due to gravity of a free falling object Ice flow 9.81 m s-2

iflo_ice_density Density of ice Ice flow 910.0 kg m-3

iflo_Nz Number of grid points for the vertical discretization Ice flow 10.0 n/a

iflo_vert_spacing Discretization density to get more points towards bed than surface Ice flow 4.0 n/a

iflo_thr_ice_thk Threshold ice thickness for computing strain rate Ice flow 0.1 m

iflo_dim_arrhenius Dimension of the arrhenius factor (horizontal 2D or 3D) Ice flow 3.0 n/a

iflo_retrain_emulator_freq Frequency at which the emulator is retrained, 0 means never Neural network 7.0 time steps

iflo_retrain_emulator_lr Learning rate for the retraining of the emulator Neural network 10-5 n/a

iflo_retrain_emulator_nbit Number of iterations at each time step for retraining the emulator Neural network 1.0 iterations

iflo_force_max_velbar Artifically upper-bound of ice velocities Ice flow 3000.0 m yr-1

iflo_network The type of network, it  can be cnn or unet Neural network "cnn" n/a

iflo_nb_layers Number of layers in the Convolutional Neural Network (CNN) Neural network 16.0 n/a

iflo_nb_out_filter Number of output filters in the CNN Neural network 32.0 n/a

iflo_conv_ker_size Size of the convolution kernel Neural network 3.0 n/a

iflo_min_sr Minimum strain rate Ice flow 10-5 yr-1

iflo_max_sr Maximum strain rate Ice flow 1.0 yr-1

t ime_start Simulation start T ime -35000.0 yr BP

time_end Simulation end Time -18000.0 yr BP

time_save Save output variable frequency Time 50.0 yr

time_cfl CFL number for the stability of the mass conservation scheme Time 0.3 …..

time_step_max Maximum time step allowed, used only with slow ice Time 10.0 yr

thk_slope_type Slope limiter for the ice thickness equation (godunov or superbee) Ice flow "superbee" n/a

vflo_method Method to retrieve vertical velocities (kinematic, incompressibility) Ice flow "incompressibility" n/a

enth_water_density Density of water Enthalpy 1000.0 kg m-3

enth_spy Number of seconds in a year Enthalpy 31556926.0 seconds yr-1

enth_ki Conductivity of cold ice Enthalpy 2.1 W m-1 K-1

enth_ci Specific heat capacity of ice Enthalpy 2009.0 W s kg-1 K-1

enth_Lh Latent heat of fusion Enthalpy 334000.0 W s kg-1

enth_KtdivKc Ratio of temperate versus cold ice diffusivity Enthalpy 0.1 n/a

enth_claus_clape Clausius-Clapeyron constant Enthalpy 7.9 x 10-8 K Pa-1

enth_melt_temp Melting point at standart pressure Enthalpy 273.15 K

enth_ref_temp Reference temperature Enthalpy 223.15 K

enth_till_friction_angle_phi_min Minimum till friction angle in bed-elevation dependent scheme Yield stress 15.0 °

enth_till_friction_angle_phi_max Maximum till friction angle in bed-elevation dependent scheme Yield stress 50.0 °

enth_drain_rate Water draining rate Yield stress 0.001 mm yr-1

enth_till_wat_max Maximum water till t ickness Yield stress 2.0 m

enth_tauc_min Lower caping bound for yield stress Yield stress 10000.0 Pa

enth_tauc_max Upper caping bound for yield stress Yield stress 10000000000.0 Pa

avalanche_update_freq Update frequency of the avalanche module Avalanche 5.0 yr

avalanche_angleOfRepose Angle of repose. For bed slopes above this, ice "avalanches" Avalanche 45.0 °

gflex_update_freq Update frequency of the gFlex GIA module Glacial isostatic adjustment 50.0 yr

gflex_dx Spatial grid resolution of the gFlex GIA module Glacial isostatic adjustment 2000.0 m













Supplementary Table  3. Digital e levation models used for independent verification of trimline elevations

DEM name Region covered Releasing organisation
Year 
released

Spatial 
resolution 
(m)

Vertical 
error (m)

URL

RGE ALTI® Version 2.0 
product 

French Alps
Institut national de l'information 
géographique et forestière

2024 1.0 0.2 - 10.0 https://geoservices.ign.fr/documentation/do
nnees/alti/rgealti

swissALTI3D Swiss Alps
Federal Office of Topography 
swisstopo

2024 0.5 0.3 - 1.0
https://www.swisstopo.admin.ch/en/height-
model-swissalti3d

DigitalTerrainModel-0.5m 
Italian Alps, 
south Tyrol 
region

Autonome Provinz Bozen - Abteilung 
Natur, Landschaft und 
Raumentwicklung - Amt für 
Landesplanung und Kartografie

2021 0.5 0.2 - 10.0 https://data.civis.bz.it/de/dataset/modello-
digitale-del-terreno-dtm-05m

DTM 5X5 - Modello digitale del 
terreno

Italian Alps, 
Lombardy 
region

Regione Lombardia 2015 5.0 0.3 - 2.0

https://www.geoportale.regione.lombardia.it
/metadati?p_p_id=detailSheetMetadata_W
AR_gptmetadataportlet&p_p_lifecycle=0&p
_p_state=normal&p_p_mode=view&_detailS
heetMetadata_WAR_gptmetadataportlet_i
dentifier=r_lombar%3Adfc98d60-5f02-
4a2b-8113-
5ad24cc53a9c&_jsfBridgeRedirect=true

RIPRESA AEREA ICE 2009-
2011 - DTM 5

Italian Alps, 
Piemonte region

Regione Piemonte 2019 5.0 0.3

https://www.geoportale.piemonte.it/geonet
work/srv/ita/catalog.search#/metadata/r_pi
emon:224de2ac-023e-441c-9ae0-
ea493b217a8e

Modello Digitale del Terreno 
(DTM 2005/2008)

Italian Alps, 
Valle d'Aosta 
region

Regione Autonoma Valle d'Aosta 2008 2.0 0.2 - 10.0 https://geoportale.regione.vda.it/download/
dtm/

Digitales Geländemodell T irol 
product 

Austrian Alps, 
Tyrol region

Land T irol 2023 0.5-1.0 0.2 - 10.0
https://www.data.gv.at/katalog/dataset/land-
tirol_tirolgelnde/resource/3eb16718-a4fe-
45e3-a92c-3d057237ae00#additional-info
















