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Case I-A Probably problematic model fit.

Case I-B Problem with model and sample.

Case lI-A  Flag as untrustworthy.

Non-influential

Latent space, feature space and the global domain — how ozone
research can benefit from explainable machine learning

ECMWF Machine Learning Workshop
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TROPOSPHERIC OZONE

A toxic greenhouse gas
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OUTLINE

Explainable machine learning for ozone research

» AQ-Bench dataset
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AQ-BENCH DATASET

A benchmark dataset for machine learning on global ozone metrics

The AQ-Bench dataset contains The air quality at a site is The proposed machine learning task is to
long-term air quality metrics and influenced by its train a machine learning algorithm which
metadata at sites around the globe. surroundings. maps from metadata to long-term air

quality metrics at measurement sites.

— Betancourt et al. 2021
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OUTLINE

Explainable machine learning for ozone research

» Explaining and improving faulty predictions
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NEURAL NETWORK AND RANDOM FOREST

Test evaluation metrics are fine, but why are some test predictions biased?
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NEAREST NEIGHBORS IN LATENT SPACE

Random forest activations

Test
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Neural network activations
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Feature space analysis
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EXPLAINING INACCURATE PREDICTIONS

By combining latent space neighbors and feature space
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Case B:
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Probably problematic model fit\
Problem with model and sample.
Flag as untrustworthy.

Underrepresented feature
combination.

Model working fine.

Clever-Hans effect.
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GLOBAL DOMAIN: WHAT CAN WE LEARN FROM THIS?

¥ Neural Network
=+ Random Forest

> Both models

Underrepresented
Untrustworthy
Non-influential
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OUTLINE

Explainable machine learning for ozone research

» Ozone mapping across the global domain
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GLOBAL OZONE MAPPING

Can we apply the trained models everywhere?

Explainable

Machine Learning
1y
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Global ozone measurements of
the AQ-Bench dataset = High-resolution geospatial data
- i : E (different sources)
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Trusted global map of ozone statistics
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FEATURE SPACE

“Area of Applicability” method, Meyer et Pebesma (2021)

® AQ-Bench dataset main cluster

AQ-Bench dataset outliers
® Example data points outside area of applicability (from gridded data)
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GLOBAL DOMAIN

Where can we map ozone with high confidence?
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CONCLUSION

Investigating the latent space and feature space of
geospatial machine learning models can lead to

new insights in the global domain. Prof. Ribana Roscher,
University of Bonn
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