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Large uncertainty in climate sensitivity… …and linked to extreme weather events
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Brüning et al., “Artificial intelligence (AI)-derived 3D cloud tomography from 
geostationary 2D satellite data”, AMT 2024.

Note: Resolution was reduced 10x
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Global 3D Reconstructions of Clouds
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ML-Ready Dataset for Clouds & Tropical Cyclones
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Cyclone Data
Geolocation of tracks

Tropical cyclone tracks
703 patches (108 storms)

2 GB

GOES-16

MSG
Himawari

Geostationary Images
150k patches

2.4 TB

CloudSat

+

Image-Profile Pairs
270k patches

874 GB

+
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GOES
16 channels

2km

Himawari
16 channels

2km

MSG
11 channels

3km
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Pre-training: A Multi-Satellite Model

Encoder:
SWinSatMAE

Decoder:
SWinSatMAE

“Geospatial awareness”: 
          → Encode date/time
          → Encode location
          → Encode solar angle
          → Encode satellite angle

SWinSatMAE:
A SWin transformer-based autoencoder

Inputs:
Masked images

Outputs:
Unmasked images

Multi-satellite data:
→ Naive matching 

of 11 channels
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Fine-Tuning: A Multi-Variable 3D Model

Encoder:
SWinSatMAE

Decoder:
Multi-head CNN

“Geospatial awareness”: 
          → Encode date/time
          → Encode location
          → Encode solar angle
          → Encode satellite angle

Microphysical properties:
→ Radar Reflectivity
→ Ice Water Content
→ Droplet Effective Radius

SWinSatMAE:
A SWin transformer-based autoencoder

Inputs:
Images

Outputs:
3D cloud reconstructions

Multi-satellite data:
→ Naive matching 

of 11 channels
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Application: Retrieval of Microphysical Properties

GOES context image

CloudSat cross-section
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Application: Tropical Cyclones

Aug 28

Aug 29

Aug 31
Sep 1

Sep 5



ESLAB.AI

Geostationary images

Model slice through storm

Maximum column radar 
reflectivity from model
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Thank you


