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Current and future challenges in 
climate modelling and implications
for future research in hydrology



Movie: Globales Klimamodell



What is the reality?



Challenge No. 1 (of many)
GCM topography of the Alps (MPI-ESM-LR, 1.875°, about 150 km resolution)

MPI-ESM-LR Topography
about 150 km resolution
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One of Europe’s fastest HPC systems
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COSMO-CLM Topography
about 12 km resolution



Alpine climate scenarios Change signals by end-of-century
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Abbildung: S. Gruber, Univ. Zurich / Carleton University

Remaining scale gap for impact analysis and systematic model biases
 Statistical postprocessing required
 Large number of methods, all with their pros and cons

Upcoming: Ensembles at convection-permitting kilometer scale (CPMs)

Talk
D. Farinotti

Talk
A. Hänsler



CPM



Simulated snow water equivalent [cm]
COSMO-CLM, year 2000

Source: Christian Steger (ETH Zürich)

Talk
W. Schöner



Is it just about resolution?



Jacob et al., REC, 2020

Climate Information Distillation

Benestad et al., Nature Climate Change, 2017



Storylines
“We define a storyline as a physically self consistent unfolding of past events, or of plausible future events or pathways. No 
a priori probability of the storyline is assessed; emphasis is placed instead on understanding the driving factors involved, and the 
plausibility of those factors.”  Shepherd et al., Climatic Change, 2018
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Mastai, 2022 (MSc thesis ETH Zurich/MeteoSwiss)



Regional Earth System Models

Source: Nature Education, 2013

The terrestrial
water cycle



Coupled Climate-Hydrology Modeling

Source: K. Goergen, S. Kollet, et al. (FZ-Jülich) Source: H. Kunstmann (KIT Campus-Alpin / Univ. Augsburg)



Large ensembles and weather generators
Single model initial-condition large ensembles (SMILEs)
to sample natural climate variability

Talk
R. Ludwig

When does mean winter snow depth change
at Weissfluhjoch emerge from natural variability?

RCP8.5 W
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Interpretation of Emission Scenarios

Hausfather and Peters, Nature, 2020

D-A-CH Report on interpretation
of the new SSP-RCPs

https://www.dwd.de/DE/klimaumwelt/klimawandel/klimaszenarien/ssp-generation.html

https://www.dwd.de/DE/klimaumwelt/klimawandel/klimaszenarien/ssp-generation.html


Transboundary Climate Scenarios

Source: en.wikipedia.org
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Common D-A-CH climate scenarios (work in progress)



• Research ongoing

• Don’t forget distillation
and communication of
limitations

• Satisfying hydrologists
as the gold standard
 Co-production!

Thank You!

Challenges ahead, but
are (mostly?) known
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