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Clouds impact the Earth’s radiation budget esa
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Cloud feedbacks are the largest uncertainty
in climate predictions Lesa

Global surface temperature change
relative to 18501900
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Introduction to EarthCARE Eesa

> Joint ESA and JAXA mission
> Launched in May 2024

> Mission objective: Systematic
provision of vertical profiles of
clouds and aerosols, collated
with measurements of solar
and emitted thermal radiation.

4

+ THE EUROPEAN SPACE AGENCY



Introduction to EarthCARE esa

”‘ Cloud Profiling ‘N Atmospheric
Radar (CPR) Lidar (ATLID)

g Multi-Spectral * k Broad-Band
Imager (MSI) N ' Radiometer (BBR)
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Introduction to EarthCARE

Instrument synergy provides
vertical profiles of clouds and aerosol
+ spatial context from MSI
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How can we use Al methods to make the best use of EarthCARE observations?

+ synergies with other satellites
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EarthCARE + Al methods
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Connect EarthCARE with lightning activity
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Connect EarthCARE with lightning activity esa

Number of lightning groups around CPR track
(2.5 min, £2.5 km)

s Storm summary |
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' EarthCARE vertical profiles

> which EarthCARE variables
contribute most to the
prediction?

> improve lightning

] E@r&:QCARE parameterizations in weather
profiles models
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EarthCARE + Al methods
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Lightning prediction

Blanka Piskala Gvozdikova?l

Number of lightning groups around CPR track
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C-FMR Radar reflectivity [dBZ!

C-CD Doppler velocity [m/s]
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EarthCARE + Al methods
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Lightning prediction
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Number of lightning groups around CPR track
( km)
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Wood et al. (2006), Yuan et
al (2020), Wu et al. (2025)

(K]

+ THE EUROPEAN SPACE AGENCY



O ol stratus

Adapted from Wu et al. (2025)

Using Al methods
(Convolutional Neural
Network; ResNet50) we
can classify clouds into
typical structures
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Combine with geostationary imager to get time ¢
evolution and detect cloud transitions using the CNN esa
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What happens at cloud structure transitions? esa

> New insights into the
processes that lead to
transitions between
cloud structures

[
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> implications for their
climate effect

from EarthCARE
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EarthCARE + Al methods
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EarthCARE + Al methods Eesa
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EarthCARE and geostationary satellites have complementary strengths @esa

Polar-orbiting Satellites (EarthCARE)
Global coverage
> 25 days

Height

Geostationary Satellites
Images every 10 - 15 mins
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Al methods to learn cloud vertical profiles Eesa

Geostationary images A SWin transformer-based autoencoder 3D cloud reconstructions
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Encoder:
SWinSatMAE

/A

Training:
EarthCARE profiles
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Eesa

radar reflectivity [dBz]
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Global 3D reconstruction of clouds
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3D structure helps to better predict extreme events Eesa

Hurricane Dorian 2019-08-31 12:05
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EarthCARE + Al methods Eesa
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Lightning prediction
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Conclusions esa

>EarthCARE can provide unprecedented measurements of aerosols and clouds
> Al methods are a powerful tool to make best use of the data, e.g. by...

detecting patterns in the data to help us understand complex processes
(lightning)

classifying tasks which are difficult with traditional methods (cloud structure)
expanding and extrapolating observations (3D reconstruction)

>Qverall goal: improve weather and climate predictions
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Aerosol cloud interactions constitute the largest
uncertainty in radiative forcing estimates

Carbon dioxide

Other well-mixed
greenhouse gases

Ozone

Stratospheric
water vapour

Albedo

Contrails & aviation-
induced cirrus

Aerosols
Total anthropogenic

Solar

Change in effective radiative forcing from 1750 to 2019

Land use

Effective radiative forcing (W m™2)

Light absorbing particles on
snow and ice

Aerosol-cloud Aerosol-radiation

1

IPCC, AR6/WG1, 2021
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EarthCARE + Al methods Eesa
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- Improve understanding
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o1 liIghtning ana Its npjt Tremblay?®
parameterizations in - Insights into cloud = ”OVW?JQG of cloud 3D
weather models processes structure is key to know how
: storms are evolving
K Lmnsgi\slteaggiynsgllc;! e - better predict extreme events.

climate feedbacks

\- J \_ J \_ J

1 European Space Agency, 2 Universitat de Valéncia, 3 National Observatory of Athens, 4 National Technical University of Athens, 5
Harvard Medical School, 6 Massachusetts General Hospital, 7 University of Oxford, 8 Environment & Climate Change Canada

26

+ THE EUROPEAN SPACE AGENCY



