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Define the problem

NASA GISS ESMs (ModelE)

Atmospheric Composition Module

Atmospheric Transport Model
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Model Conceptualization

Spatio-temporal Machine Learning

———— P et

g i1 e

j ﬁk‘ —

c ‘ |

[ | e ot
Y 3

______________________________________________________

Recurrent Calculation

COLUMBIA

)
UMIVERSITY

-

____________

Target Variable at Desired Timestep



Capture Temporal Dependencies

Short-term Patterns / Long-term Trends

Long short-term memory (LSTM) Attention Mechanism
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Model Architecture

Profile-Guided Fusion Module (PGFM)
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BCB Emission Sources
Global Daily average
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Vertical profiles of BCB Conc.

62 Atmospheric Levels

(a) 1853 (b) 2012 (c) 2020 (d) 2021
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Vertical profiles of BCB Conc.

20 Atmospheric Levels
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BCB Column

Annual Average
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Conclusion

* Architectural provisions
* Temporal evolution
* Vertical atmospheric coupling

* Climate modeling
* Stable performance over long-term projection

Preprint: https://arxiv.org/abs/2510.10654
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