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Figure S1. Topographies as used in the experiment design: (a) 100 % of modern elevation
(Alps100); (b) Alps reduced to 50 % of modern elevation (Alps50); (c) Alps reduced to 250 m
(Alps0) ; (d) Alps increased to 150 % of modern elevation (Alps150). The experiments
topographies are derived from the gtopo30 dataset of the United States Geological Survey
(USGS) and interpolated to the model resolution.
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Figure S2. ECHAM-wiso simulated (a) mean summer (JJA) and (b) annual mean 8180p
(background pattern) and (a) summer (JJA) and (b) annual mean 8180], from the International
Atomic Energy Agency (IAEA) Global Network of Isotopes in Precipitation (GNIP) observations
(colored circles) for the present-day control simulation (PD). The PD is an Atmospheric Model
Intercomparison Project (AMIP)-style simulation with present-day boundary conditions,
including the AMIP2 sea surface temperatures and sea ice data from 1957 to 2000, and observed
greenhouse gas concentrations for the same period. The simulation was conducted for >40 model
years. A climatological reference period of 30 years (1970-1999) used for the calculations of
means. Simulated 3'°0, values for the PD are in good agreement (within 1-2 %o for most
locations) with observations across Europe.
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Figure S3. Summer (a) and annual (d) means of ERA-Interim rainfall between 1980 and 2000;
summer (b) and annual (¢) means of ECHAMS-wiso simulated rainfall from the PD experiment,
and summer (c) and annual (f) means of rainfall for ERA-Interim (black line) and ECHAMS-wiso

(red line) along the A-B transect.
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Figure S4. Summer (a) and annual (d) means of ERA-Interim near surface temperature between
1980 and 2000; summer (b) and annual (e¢) means of ECHAMS-wiso simulated near surface
temperature from the PD experiment, and summer (c) and annual (f) means of near surface
temperature for ERA-Interim (black line) and ECHAMS-wiso (red line) along the A-B transect.
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Figure S5. ECHAM-wiso simulated annual mean 8180p for the pre-industrial (Alps100)
experiment (a) and annual mean 8180p differences between: (b) Alps150 — Alps100, (c) Alps50 —
Alps100, (d) AlpsO — Alps100, (e) PLIO — Alps100, and (f) LGM — Alps100
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Figure S6. Cross-Alps sections for summer mean (a) temperature, (b) precipitation, (c) relative
humidity, and (d) evaporation over precipitation (e/p) for sensitivity and paleoclimate simulations
averaged between 46 °N and 47 °N and between 9 °E and 10 °E for WE and SN sections
respectively.
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Figure S7. ECHAMS5-wiso simulated annual mean LGM rainfall (a) and annual mean rainfall for
LGM (21 ka) experiments performed according to PMIP3 protocol with various GCMs: (b)
CCSM54, (c) MPI-ESM-P, (d) MIROS-ESM, (e) IPSL-CM5A-LR, and (f) GISS-E2-R. PMIP3
GCM paleo simulations results available at https://esgf-node.lInl.gov/projects/esgf-1lnl/
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Figure S8. ECHAMS5-wiso simulated annual mean LGM near surface temperature (a) and annual
mean near surface temperature for LGM (21 ka) experiments performed according to PMIP3
protocol with various GCMs: (b) CCSM54, (c) MPI-ESM-P, (d) MIROS-ESM, (e) IPSL-CM5A-
LR, and (f) GISS-E2-R. PMIP3 GCM paleo simulations results available at from https://esgf-
node.llnl.gov/projects/esgf-1lnl/
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Figure S9. ECHAMS5-wiso simulated annual mean Pliocene rainfall (a) and near surface
temperature (d) and annual mean precipitation and near surface temperature for Middle Pliocene
experiments performed according to CMIP6 protocol with various GCMs: (b, €) IPSL-CM5A-
LR, and (c, f) GISS-E2-R. CMIP6 GCM paleo simulations results available at from https://esgf-
node.llnl.gov/projects/esgf-1lnl/
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Figure S10. ECHAM-wiso simulated summer (JJA) 5180p for experiments with reduced
elevation of the Alps: (a) Alps100, (b) Alps150, (c) Alps50, (d) Alps0, and for paleoclimate
simulations: (e¢) PLIO, (f) LGM.
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