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Introduction

1. Tropical cyclones pose substantial risks to human life and 
infrastructure.

2. Climate change is driving unprecedented shifts in cyclone 
frequency, trajectory, and intensity.

3. While deep learning methods show promise, they often 
struggle to model temporal evolution effectively.

4. Video diffusion models provide a powerful alternative for 
capturing the spatiotemporal dynamics of cyclone 
development.

5. Transitioning from frame-wise prediction to coherent 
multi-frame generation enhances temporal consistency.
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Motivations
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Introduction

● Dataset from Nath et al.[1]: Infrared satellite 
imagery of tropical cyclones

● Training data: 1,092 video sequences, each 
comprising 10 consecutive frames

● Test data: 335 video sequences held out for 
evaluation

● Corrupted data handling: NaN values replaced 
with zeros

● Data quality control: Consistent masking applied 
during generation to preserve reliability
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Data

[1] Nath P, Shukla P, Wang S, Quilodrán-Casas C. Forecasting Tropical Cyclones with 
Cascaded Diffusion Models. arXiv; 2024. ArXiv:2310.01690. Available from: 
http://arxiv.org/abs/2310.01690.
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Methods
Video Diffusion Models 

1. 3D U-Net architecture, inspired by Ho et al.[2]

2. Leverages temporal convolutions and attention 

mechanisms

3. Generates 64×64 IR 10.8µm satellite imagery sequences

4. Conditioned on the initial IR frame and ERA5 meteorological 

variables

5. Simultaneously generates 10 forecast frames

6. Incorporates classifier-free guidance and dynamic 

thresholding for improved generation quality

[2] Ho J, Salimans T, Gritsenko A, Chan W, Norouzi M, Fleet DJ. Video Diffusion Models. arXiv; 2022. 

ArXiv:2204.03458. Available from: http://arxiv.org/abs/2204.03458.
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Methods
Video Diffusion Models 

Architecture diagram adapted from Ho et al[2].  
[2] Ho J, Salimans T, Gritsenko A, Chan W, Norouzi M, Fleet DJ. Video Diffusion Models. arXiv; 2022. ArXiv:2204.03458. Available from: http://arxiv.org/abs/2204.03458.
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Methods

[2] Ho J, Salimans T, Gritsenko A, Chan W, Norouzi M, Fleet 

DJ. Video Diffusion Models. arXiv; 2022. ArXiv:2204.03458. 

Available from: http://arxiv.org/abs/2204.03458.

Video Diffusion Models 
1. Training objective: Minimise a 

weighted mean squared error to learn 

to denoise latent inputs over time.

2. Sampling strategy: Use an ancestral 

sampler with adaptive variance and 

controlled noise injection.

3. Classifier-free guidance: Improve 

conditional generation by blending 

conditional and unconditional 

predictions with a tunable guidance 

strength.
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Methods
Baseline

Cascaded Diffusion Models
by Nath et al.[1]

[1] Nath P, Shukla P, Wang S, Quilodrán-Casas C. Forecasting Tropical 
Cyclones with Cascaded Diffusion Models. arXiv; 2024. 
ArXiv:2310.01690. Available from: http://arxiv.org/abs/2310.01690.
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Methods
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Two Stage Training

1. Two-stage training:
Start with single-frame prediction, followed by multi-frame 
generation.

2. Improves single-frame quality: 
Especially important for capturing fine-grained spatial detail.

3. Effective in low-data settings: 
Reduces FID from 1.26 to 0.49, demonstrating enhanced fidelity.
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Results
Performance Metrics
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Results
Visual Results
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Results
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Long Horizon Forecasting

Comparison with the 

baseline: Superior long-horizon 

forecasting capability (from 36 to 

50 hours)



Imperial College London

Conclusion

1. First application of video diffusion models for tropical cyclone (TC) 

forecasting

2. Two-stage training enhances model stability and single-frame quality

3. Extended forecasting horizon: from 36 to 50 hours with high reliability

4. FVD introduced as a more appropriate metric for evaluating TC forecast 

consistency

5. 45.6% improvement in temporal coherence while maintaining 

competitive visual fidelity
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Key Takeaways
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Conclusion
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Future Study

Given current limitations, several promising areas for future research include:

1. Integrating additional satellite channels beyond infrared (IR) channels

2. Extending generation beyond the current 10-frame limit

3. Investigating physics-informed loss functions for improved realism

4. Applying the framework to other weather forecasting tasks requiring 

temporal coherence

5. Exploring strategies for improving computational efficiency
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