
Climate sensitivity: temperature change with
doubling of preindustrial CO2 content

Fig. 1: Predicted climate sensitivity with various
model ensembles. Adapted from Schlund et al.,
Earth Syst. Dynam., 11, 1233–1258, (2020) CC-
BY 4.0
→ Uncertainty (e.g., values from 1.5 - 4.5°C)
not reduced since 1979
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We improve climate models and their 
development process with quantum machine 
learning and quantum computing for robust 
technology assessment and mitigation 
recommendations.
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Parameterizations in climate models

• Typical horizontal resolution of climate 

models ~50 - 100 km

• Many important phenomena not 

resolved, e.g. clouds or turbulence

• Statistical effects of unresolved 

phenomena on the climate represented 

by "parameterizations"

• Parameterizations lead to uncertainties in 

climate projections, as seen in the ranges 

of climate projections (Figs. 1 and 2)

Model tuning

• Parameterizations introduce many free 

parameters into the models

• Finding best set of parameters = climate 

model tuning: time intensive, subjective 

process

Fig. 2: Mean global temperature

change as function of time in

comparison with reference values

for various scenarios (SSPxx). The

shaded area around the lines

(ensemble-mean) corresponds to

the ±1.64σ interval (σ: standard

deviation). From Tebaldi et al. ESD

12, 253-293 (2021) (CC-BY 4.0)

Climate models are very successful, but uncertainties remain.

Machine Learning (ML) for climate modelling

• Climate models with a high resolution (~km) resolve clouds, convection, etc. 

• Use short cloud-resolving runs to train ML algorithms

• Develop ML-based parameterizations that replace the parameterizations in coarse climate models

• Interpret ML algorithms to gain a better understanding of the Earth system

Example: ML for cloud microphysics

Machine learning helps alleviate uncertainties.

Fig. 3: Approach of the ERC project USMILE to use machine learning to improve climate models 
and to better understand the Earth system - Eyring, V. & P. Gentine, Better Better - machine 
learning for improved climate models and projections, AI4Good Seminar, 
https://youtu.be/SYC7ZVLxomI, 2021

Improving climate models with quantum computing.
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Way forward

• High resolution simulations to eliminate need for some parameterizations

• Improve unavoidable parameterizations 

→ Develop hybrid models, see Eyring et al., Nature Geoscience 17, 963 (2024)

→ Automatize and accelerate tuning process

Challenges
• Encoding and read-out of climate model variables
• Efficient coupling of high-performance computers with 

quantum computers
• High runtime of QML algorithms

Goals KLIM-QML

Exploration of quantum computing methods for 

climate modelling

• Development of parameterizations for climate 

models improved with quantum machine 

learning

• Accelerating climate models and their 

development process: 1) Explore solving the 

underlying differential equations on quantum 

computers; 2) Explore optimizing climate model 

parameters using quantum computing

• Application of the improved model to 

investigate the influence of ship emissions on 

the climate → use case informs the 

parameterizations to be improved within Klim-

QML: cloud microphysics, cloud cover, and 

boundary layer turbulence 

Fig. 4: ML for microphysics: A baseline multilayer perceptron model 

(blue) was improved with additional input features obtained via 

feature engineering (yellow), negative mass constraining (green) and 

explainability (red).  From Sarauer et al, Workshop: Tackling Climate 

Change with Machine Learning (2024); 

https://www.climatechange.ai/papers/iclr2024/35/
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