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1 Climate Counterfactuals in Climate Attribution

• Climate Attribution aims to separate forced climate changes from internal climate variability
• identify forced changes by comparison to a climate counterfactual

‣ representation of climate hypothetically not undergoing climate change

Can we do this with machine learning?

‣ we fix atmospheric circulation to study how climate change affects e.g. temperature under this
given circulation

‣ this approach disregards potential changes in atmospheric circulation (following the storyline
attribution approach [1])
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2 The model: Latent Linear Adjustment Autoencoder (LLAAE)

Objective function
𝐿 = 𝐿VAE + 𝜆𝐿𝐿

𝐿VAE = 𝐸[‖ 𝑦 − 𝑑(𝑒(𝑦)) ‖2 + 𝛽 ⋅ KL(𝑞𝑒(𝑧|𝑦), 𝑝𝑧(𝑧))]

𝐿𝐿 = ‖𝑦 − 𝑑(ℎ(𝑥))‖2

• alternating training of
Autoencoder and linear
model

Model and figure adapted from [2].
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3 Experimental Setup and Climate Model Data

• monthly data: December, January, February

• CESM2 Large Ensemble (LE)
• initial condition LE
• 100 transient members 1850-2100

• CESM2-ETH Ensemble
• 12 transient members

1850-2100
• CESM2-LE forcing
• 3 circulation-nudged

members
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4 LLAAE Counterfactual Predictions

Counterfactual
Predictions
fGMT = 0°C
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4 LLAAE Counterfactual Predictions show high skill
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4 LLAAE Counterfactual Predictions show high skill
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5 Conclusion and Outlook

Summary
• Deep Learning / LLAAE architecture very

promising for generating climate
counterfactuals.

Outlook
• Application to extreme events and

observations
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