ESUszs, 2025

EGU25-13581, updated on 10 Dec 2025
https://doi.org/10.5194/egusphere-egu25-13581

EGU General Assembly 2025
© Author(s) 2025. This work is distributed under
the Creative Commons Attribution 4.0 License.

Enhancing European heatwave characterization: deep learning-
based downscaling of global climate data

Tian Tian', Hortense Ronzani', Maxime Beauchamp', Jian Su', Kristofer Krus?, Shuting Yang', and
Ramon Fuentes-Franco®

'Danish Meteorological Institute, National Centre for Climate Research, Denmark (tian@dmi.dk)

2Swedish Meteorological and Hydrological Institute

As part of the OptimESM project, this work aims to prototype a framework for downscaling post-
CMIP6 Earth System Models (ESMs) to refine long-term projections up to 2300. This effort focuses
on understanding regional climate impacts and extreme events, including heatwaves, droughts,
and precipitation extremes, with the goal of supporting robust regional climate projections and
informing adaptation strategies across Europe. Within this broader context, our study investigates
the application of deep learning techniques to downscale daily temperature fields, enhancing the
detection and characterization of European heatwaves through improved spatial resolution.
Utilizing the open-source DeepR library based on Transformer architecture, we obtained a five-
fold downscaling from ERA5 to CERRA datasets. Performance evaluation highlighted significant
improvements in detecting heatwaves, particularly in mountainous areas. Integrating high-
resolution orography data increases accuracy by 53%, improving the detection rates of heatwave
days from 18% (ERA5) to 27% (DeepR) in regions like southern Norway during the validation period
2015-2020. Despite some perceptual improvement, challenges remain in generalizing across
spatial domains and accurately modeling temperature distribution tails, which are critical for
extreme events. To address these limitations, we explore advanced architectures such as UNet
and Diffusion Models, alongside high-resolution land-cover data and enhanced land-sea masks.
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