Klim-QML
Improving climate models
with quantum computing

We improve climate models and their e Applications

development process with quantum machine e Quantum machine learning
learning and quantum computing for robust

technology assessment and mitigation

recommendations.

Climate models are very successtul, but uncertainties remain.
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Machine learning helps alleviate uncertainties. Machine Learning (ML) for climate modelling

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

Cloud-Resolving Models (CRMs) - ML-based subgrid scale parametrization (offline)
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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
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Fig. 4: ML for microphysics: A baseline multilayer perceptron model

Goals KLIM-QML (blue) was improved with additional input features obtained via

Exploration of quantum computing methods for Ai;celteratiog (Tf feature engineering (yellow), negative mass constraining (green) and
climate models

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

Change with Machine Learning (2024);
https://www.climatechange.ai/papers/iclr2024/35/

« Development of parameterizations for climate
models improved with quantum machine
learning

 Accelerating climate models and their
Challenges

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

High runtime of QML algorithms

development process: 1) Explore solving the Prototype of Gl T Tl 0
QML climate ~KLW- se case
mode] T ANAT

underlying differential equations on quantum

ship emissions

computers; 2) Explore optimizing climate model

parameters using quantum computing
« Application of the improved model to

investigate the influence of ship emissions on

More information about the
project on our website

the climate — use case informs the

parameterizations to be improved within Klim-

QML: cloud microphysics, cloud cover, and

boundary layer turbulence Society
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