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Figure 1.14 | Horizontal resolutions considered in today’s higher resolution models and
in the very high resolution models now being tested: (a) Illustration of the European
topography at a resolution of 87.5 × 87.5 km; (b) same as (a) but for a resolution of
30.0 × 30.0 km.

A discretized model world













Super-resolution

Also known as “upsampling” or ”downscaling”

The process of going from a low-resolution (LR)  
field to a fine-resolution (FR) equivalent 

GFDL

IPCC
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Super-resolution

Also known as “upsampling” or ”downscaling”

The process of going from a low-resolution (LR)  
field to a fine-resolution (FR) equivalent 

Challenges

• No feedback of FR back onto low resolution 
evolution (recall parameterizations) 

• Requires that predicted FR remains physically 

consistent

• Desired that captures extremes in FR

• Preforms well out of distribution

Rampal et al (2024)

Christensen & Zanna (2022)



aka domain adaption

Finds an optimal function 
between observed variables 
that can be applied to GCMs 
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Enhancing extreme events
Example: quantile mapping

Sundar et al (2025)
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Example: GAN

Enhancing extreme events

Oyama et al (2023)
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Summary

• Super-resolution (downscaling) converts coarse climate model outputs into 
higher-resolution fields for finer regional climate details.

• Traditional approaches include dynamical and statistical downscaling, while 
modern methods use deep learning (CNNs, U-Nets, GANs, diffusion models) 
to better reconstruct spatial patterns.

• Key challenges include maintaining physical consistency, accurately 
representing extreme events, and ensuring models provide reliable, 
interpretable, and uncertainty-aware predictions for future climates.
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