i DLR

LI SITIHLE

Machine-learned cloud classes from satellite data for
process oriented climate model evaluation

Arndt Kaps?, Axel Lauer!, Gustau Camps-Valls?, Pierre Gentine3, Luis Gdmez-Chova* and
Veronika Eyring!2

! Deutsches Zentrum fir Luft- und Raumfahrt (DLR), Institut fir Physik der Atmosphéare, Oberpfaffenhofen,
Germany

2 University of Bremen, Institute of Environmental Physics (IUP), Bremen, Germany.

3 Department of Earth and Environmental Engineering, Columbia University, New York, NY, USA

4Image Processing Laboratory (IPL), University of Valencia, Valencia, Spain

EGU session ITS2.7/AS5.2 — Machine Learning for Climate Science
23.05.22

under review in IEEE TGRS, preprint available on arXiv



S USMILE Motivation/Methodology

° ISCCH CLOUD CLASSIFICANIUN
Aim: T l l
°

G)ud classification metl'b

Use cloud classes for process Data driven ML - consistent
based model evaluation |- * more objective
E B D Rt R Mo ° no simple thresholds
g Leverage labelled : 4, ptop)
Improve assessment of Rl LAt R satellite products ©-8. ot ptop

& apply to model output

\_ model realism - Ny

Cloud Type Evaluation
MODIS Classification Transfer Framework Validation
a CUMULO
[ Zantedeschi et al
a (2020)
%| CloudSat MODIS CUMULO ESA
a (labeled) w Cloud_cci
I I o I
o
£
(/1]
] : Coarse- Coarse-
§ Align grain grain Evaluate
o
A
)
g Classifier
c assl Regressor
5 NN gres
Q
|
Q
£
£
3]
S )

i DLR



W elel
CRICON
*e

L) o ™

Z¥ USMILE First ML-stage (pixel-wise classification)
Partly labeled training data Fully labeled 1km? data
MODIS/Cloudsat collocated CUMULO(Zantedeschi et al 2020)
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Fg¥ USMILE Second ML stage (regression)

CNN is trained on 1 km? < climate models output much coarser

Translate labelled data to lower resolution: Construct grid boxes roughly at model resolution

Input variables as grid box averages Second ML stage: Random Forest
Cloud classes at grid box fractions Multivariate regression R® - R”

Test-split predictions for
(100x100)km grid boxes
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Mean Median
abs. error | abs. error

0.027 0.004

Median R2-Score
rel. error
02 04 06 08 10 02 04 06 08 10 o 02 04 06 08 1.0 ©

52.6% 0.85
Altocumulus fraction Stratocumulus fraction Deep convection fraction
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Predicted Stratocumulus fraction

Predicted Altocumulus fraction

Predicted Deep convection fraction




I_ISITIILE Framework Validation

RF predictions on ESA Cloud_cci
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e USMILE Conclusion

Method for analyzing coarse data in terms of cloud types:
« CloudSat as objective basis for classification
« (Good results on test data:
« Mean error 0.027, median error 0.004
« Physically reasonable on independent satellite data

- Generalization to climate model output is likely
* Represented directly in terms of cloud types
« Analyse processes of cloud formation and evolution
« Compare to predictions on satellite data

« Recommend additonal variables in CMIP7 data request
* instantaneous
* e.g. optical thickness, cloud top pressure

High-res classification
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