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Real example 
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Problem 
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Related work: atmosphere animation 
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Pipeline preview 

6 

Atmosphere density field 

a (p, t) 

Morphing computation 

Anisotropic Shortest Path 

Optimal transport 

Cloudscape generation 

Keyframes 

Environment 

Feedback control loop 

Procedural cloudscapes, Antoine Webanck et al. 



Procedural cloudscapes, Antoine Webanck et al. 7 

Introduction 

1. Cloudscape model 
2. Cloudscape morphing algorithm 

Results 

Conclusion 

 



Clouds names refer to their shape and altitudes 

• Cumuliform clouds have prominent convective bulbs 

• Stratiform clouds are almost homogeneous layers 

• Cirriform clouds are high and look like hair  
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Different clouds at different altitudes 

Type Range (km) 

Cirrus 1 to 2 

Stratus 0.2 to 0.8 

Cumulus 0.1 to 5 

Cumulonimbus 7 to 12 

Altocumulus Mammatus Cumulonimbus 

Cumulus Cirrus Stratus 

Clouds in meteorology 
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Global cloudscape model 
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Control function 
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Clouds shape and details 
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Cloudscape morphing 

• Animate each cloud layer separately 

• Morph between subsequent keyframes primitives 

13 

1. Trajectories 
computation 

2. Trajectories selection 3. Ghosting 4. Interpolation 
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Step 1: trajectories computation 
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Step 1: anisotropic cost function 
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Step 2: trajectories selection 
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Discrete optimal 
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Step 3: ghosting 

17 Procedural cloudscapes, Antoine Webanck et al. 



Step 4: interpolation 

• One primitive per trajectory 

• Interpolate  
• Position following the trajectory 

• Radius linearly 

• Density linearly weighted by relative mass 
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Results – Cold front 
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Clouds: 8 cloud types 
Statistics: 8 control functions, no morphing 
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Results – Cross winds 
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Clouds: Stratocumulus and Cirrus 
Statistics: 110 primitives, morphing in 81s 



22 

Results – Good weather 
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Clouds: Stratus and Cumulus 
Statistics: 460 primitives, morphing in 68s 
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Conclusion 
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Controllable procedural animated cloudscape 
• Efficient model with procedural details 

• Controllable by intuitive key-framing 

• Coherent morphing accounting for environment 



24 

Stratocumulus over the Pacific Ocean, NASA 

Future work 
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• More types of clouds 
• Inter-layer morphing 
• Planet scale 
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