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Uncertainty Quantification & 3D Modelling
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What does reliable mean?

Locally, at a given
spatial location

• Stratigraphy
• Lithology
• Petrophysical properties

Globally
Summary statistics

• Volumes / geometries
• Connectivity
• Topology



Uncertainty indicators
• Local

– Cardinality
– Entropy

• Model set ensembles
– Categorical voxet
– Continuous voxet

• Global (dissimilarities based on)
– Histogram
– Semi-variogram
– Connectivity
– Multiple-point histogram
– Wavelet decomposition
– Topological analysis



Synthetic case - illustration
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Scenario 1 – 100% data Scenario 2 – 50% data Scenario 3 – 50% data

3 scenarios x 10 model sets generated with Loopstructural
[Grose et al., 2021] 



Synthetic case - illustration

Scenario 1 – 100% data Scenario 2 – 50% data Scenario 3 – 50% data
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1 categorical variable: lithological unit voxets



Synthetic case - illustration
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1 continuous variable: underlying scalar-field from implicit modelling

Scenario 1 – 100% data Scenario 2 – 50% data Scenario 3 – 50% data



Cardinality [Lindsay et al., 2012]



Entropy [Rényi et al., 1961]



Histogram dissimilarity

Dissimilarity based on Jensen-Shannon Divergence [Dagan et al., 1997]



Semi-variogram dissimilarity
[Matheron, 1963]



Connectivity dissimilarity
[Renard & Allard, 2013]



Multiple-point histogram dissimilarity
[Boisvert et al., 2010]



Wavelet-decomposition dissimilarity
[Lee et al., 2019]



Topological dissimilarity
[Donnat & Holmes, 2018]



Results – local indicators



Results – global indicators

Histogram dissimilarities

• his: histogram
• 2ps: semi-variogram
• mph: multiple-point histogram
• cty : connectivity
• wvt: wavelet decomposition
• shd: structural Hamming distance (topology)
• lsg: Laplacian spectral distance (topology)



Conclusions
• Global and Local indicators
• Categorical and Continuous variable
• Identifications of scenarios / features
• Low correlation means different information 

content
• Available on GitHub: https://github.com/Loop3D/uncertaintyIndicators

https://github.com/Loop3D/uncertaintyIndicators
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