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Define the problem
Atmospheric Transport Model

Horizontal Advection Vertical Convection Sink/Source
terms

Benson, V., Bastos, A., Reimers, C., Winkler, A.J., Yang, F. and Reichstein, M., 2025. Atmospheric
transport modeling of CO2 with neural networks. Journal of Advances in Modeling Earth
Systems, 17(2), p.e2024MS004655.

Image credit: Susanne E. Bauer
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NASA GISS ESMs (ModelE)
Atmospheric Composition Module



Model Conceptualization
Spatio-temporal Machine Learning
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Capture Temporal Dependencies
Short-term Patterns / Long-term Trends 

Long short-term memory (LSTM) Attention Mechanism
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Input

X2D: B×T×6×1×H×W

X3D: B×T×8×L×H×W

(B×T)×(6×1)×H×W

2D Spatial Encoder
2×(5×5 conv, 64)

(B×T)×F1×H×W 

3D Spatial Encoder
2×(5×5 conv, 64)

(B×T)×(8×L)×H×W

(B×T)×F2×H×W 

SFT

ℳ(𝐹2|𝐹1)

B×T×FM×H×W 

B×1×F×H×W 

ConvLSTM
3×64

Readout Layer
(1×1 conv)

෠𝑌: B×1×L×H×W 

1) Gao, Zhangyang, et al. "Simvp: Simpler yet better video prediction." Proceedings of 
the IEEE/CVF conference on computer vision and pattern recognition. 2022.

2) Tan, Cheng, et al. "Temporal attention unit: Towards efficient spatiotemporal 

predictive learning." Proceedings of the IEEE/CVF Conference on Computer Vision 

and Pattern Recognition. 2023.

3) Wang, Xintao, et al. "Recovering realistic texture in image super-resolution by deep 

spatial feature transform." Proceedings of the IEEE conference on computer vision 
and pattern recognition. 2018.

Model Architecture
Profile-Guided Fusion Module (PGFM)
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BCB Emission Sources
Global Daily average
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(b) 2012 (c) 2020 (d) 2021(a) 1853

Vertical profiles of BCB Conc. 
62 Atmospheric Levels
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Vertical profiles of BCB Conc. 
20 Atmospheric Levels

(b) 2012 (c) 2020 (d) 2021(a) 1853
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BCB Column Burden
Annual Average

2021

2012
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Conclusion

• Architectural provisions 
• Temporal evolution 
• Vertical atmospheric coupling

• Climate modeling
• Stable performance over long-term projection
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