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Prediction uncertainty for complex model is a big issue
 

Ex: IJNMF (2013)

Impact of tuning 
parameters on 
the variability
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Impact of structural uncertainty (on turbulence model) – CandF (2022)

Objective: Assessment of performance in icing conditions, virtual certification

Need for reducing uncertainty through calibration when possible

Prediction uncertainty for complex model is a big issue 

Ex: Modelling of in-flight icing –EU-MSCA TRACES (2022-2026)
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Long-term objective: 

Develop a calibration framework with consideration of model error, 
appropriate for costly, strongly non-linear solvers

- Mostly in situation with few experimental data;
- Model predictions used usually for design (Extrapolation)  
- Different levels of resolution in the models (discretization, fidelity) 
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Model predictions after calibration
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Model predictions after calibration
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Model predictions after calibration
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Full Bayesian calibration
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Full Bayesian calibration
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Modular Approaches
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Kennedy and O’Hagan Calibration
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Bayesian framework for Calibration 
with model error

Full Bayesian
Higdon et al SIAM JSC 

2004

Modular 
approaches
Liu et al, Bayesian 

Analysis 2009

Need for a modular technique that approximates the fully 
Bayesian Calibration while retaining the advantage of 

reduced sample space

Full Maximum A Posteriori Method
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Our proposal: Full Maximum a Posteriori calibration
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Full Maximum a Posteriori (FMP) calibration
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Full Maximum a Posteriori (FMP) calibration

20



Full Maximum a Posteriori (FMP) calibration
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Comparison between FMP and KOH
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Illustrative Example
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Surrogate-based speedup of 
FMP calibration
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Surrogate-based speedup of 
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Algorithm for adaptive sampling
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Algorithm for adaptive sampling
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Algorithm for adaptive sampling
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Calibration of a Boiling model
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