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Descriptif du sujet 
 
 

Spatial data interpolation is a common operation in the field of geosciences. 
While the number of applications is numerous, an important observation is the 
low proportion of studies that estimate uncertainties (<5%). Uncertainties can 
be multiple, of different nature, and more specifically, the uncertainty due to 
the imperfection of knowledge (epistemic) can be significant in high-stakes 
applications in urban environments. A promising approach for an exhaustive 
and transparent consideration of uncertainties is the theory of imprecise 
probabilities (including the possibility theory, Dubois and Prade, 1988 and 
Dempster Shafer theory, Shafer 1976, Dempster 1967). This framework has 
foundations in classical probability theory and can be seen as a generalization 
of the Bayesian framework by providing an additional degree of flexibility to 
express different types of uncertainties. 

In the context of this PhD thesis (in partnership between UTC, IRIT and BRGM), 
we aim to explore two approaches. 

The first approach involves extending the classical framework and Bayesian 
approaches while working under the same assumptions. This approach may 
rely on the introduction of multiple priors (in the form of sets, Fig. 2b,c) 
instead of just one. This may either rely on the generalization of Gaussian 
processes as proposed by Mangili (2016) or on a post-processing approach like 
"conformal prediction" (Mao et al., 2022) by applying an order statistics based 
method to the kriging problem. This option is particularly promising in 
situations with sparse and/or clustered data. 
 
The second approach, which is particularly interesting for problems with 
imprecision and noise in measurements (or even the presence of outliers), 
aims to depart from classical assumptions by adopting a completely different 
viewpoint. This can be done either (i) by solving a fuzzy optimization problem 
with constraints (Dubois et al., 2014), or (ii) by adopting the information fusion 
perspective (Shinde et al., 2021), which has shown interesting properties in 
cases where the Bayesian model is misspecified. 
 
These developments will be applied to the case of estimating urban 
pedogeochemical backgrounds, particularly for Toulouse Métropole (Belbèze 
2019), whose sparse, imprecise, clustered data/knowledge context is 
representative of a range of practical situations. 
 



 

 

The candidate will be located at UTC with expected travel to partner institutes 
(Orleans and Toulouse). 
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Sought profile  

- Training in applied mathematics : probability/statistics, machine learning, 
data science, optimisation… 

- Provable high skills in a coding language commonly used for scientific 
computing, such as Python, R, Octave, … 

- A taste for applied as well as theoretical studies 
- Sought skills : autonomy, open mindedness, teamwork, … 
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