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Spatio-temporal systems
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Spatio-temporal data
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Regular grid Irregular grid



Machine learning problems
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Prediction at new 
times and locations

Forecasting Representation learning
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Graph-based machine learning

• Graph

oNodes 

oEdges 

oEncoding spatial relationships
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• Probabilistic graphical models

• Graph Neural Networks (GNNs)



Graph Neural Networks (GNNs)
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GNN Layer1
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1 J. Gilmer, et al. (2017). Neural Message Passing for Quantum Chemistry. ICML., 

P. Battaglia, et al. (2018). Relational inductive biases, deep learning, and graph networks. Preprint.

Messages Edge update Node Update



Spatial graphs
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Existing spatial networks1 Sets of spatial points

1 © OpenStreetMap Contributors



Spatial graph connectivity
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k-nearest neighbors graph Radius graph Connect to mesh graph



Papers
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Paper 2
IEEE IV 2023

Paper 3
ICML 2022

Paper 4
NeurIPS 2024

Paper 5
Preprint, under review

* Equal contribution

Paper 1
AISTATS 2023



Prediction at unobserved locations

• Example applications:

oClimate monitoring

oSocial networks

• Gaussian models
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Deep Gaussian Markov random fields
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1 P. Sidén & F. Lindsten (2020). Deep Gaussian Markov random fields. ICML.

• Previous work1: Regular grids ⟹ Paper 3: General graphs



Spatio-temporal forecasting

• Deterministic forecasting
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Probabilistic forecasting
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Sample-based 
(Ensemble forecasting)

Explicit distribution



Continuous time

• Irregular observations

oPaper 1: In spatio-temporal 
forecasting with GNNs

• Constraining dynamics

oNeural Ordinary 
Differential Equations1
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1 R.T. Chen, et al. (2018). Neural ordinary differential equations. NeurIPS.



Trajectory forecasting

• Forecasted values are locations

• Multi-agent
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Machine Learning Weather Prediction (MLWP)
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RMSE of 10 m zonal wind



Graph-based MLWP1
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1 R. Keisler (2022). Forecasting global weather with graph neural networks. Preprint., 

R. Lam, et al. (2023). Learning skillful medium-range global weather forecasting. Science., 

Encode Process Decode

Mesh graph



Global and regional forecasting
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Global model Limited area model

Hierarchical mesh graph Hierarchical mesh graph



MLWP ensemble forecasting
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• Latent variable models1

• Diffusion models2

Specific humidity

1 Y. Hu, et al. (2023). SwinVRNN: A data-driven ensemble forecasting model via learned distribution perturbation. JAMES
2 I. Price, et al. (2025). Probabilistic weather forecasting with machine learning. Nature., 
M. Andrae, et al. (2025). Continuous Ensemble Weather Forecasting with Diffusion Models. ICLR., 
E. Larsson, et al. (2025). Diffusion-LAM: Probabilistic Limited Area Weather Forecasting with Diffusion. CCAI Workshop @ ICLR.



Outlook

• Irregular observations

• Probabilistic forecasting

• MLWP directly using observations
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Example: Wind speeds
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Mean Standard deviation

• Nodes in red boxes unobserved
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