
I n s t i t u t e  o f  S t a t i s t i c s ,  B i o s t a t i s t i c s  
a n d  A c t u a r i a l  S c i e n c e s

                                                                               
 

 

ISBA  
Key Facts and Figures  

 
Academic Year 2020-2021  

(September 2020 – August 2021) 



 2 3

Institute of Statistics,  
Biostatistics and Actuarial  
Sciences
 
Key figures  
September 2020-August 2021



 4 5

ISBA Facts and Key Figures 
Academic Year 2020-2021 

During the academic year 2020-2021, ISBA counted
•	 10 full-time and 4 part-time faculty members, 
•	 31 junior researchers (mainly PhD students and post-doc researchers)
•	 and 4 administrative officers. 

Research programs conducted by ISBA members lead to publications in top 
actuarial and statistical journals, as well as in related fields (mathematical 
economics, operations research, life sciences or mathematical finance, for 
instance). More precisely, ISBA members published

•	 53 papers in international refereed journals 
•	 and 2 book chapters.

Moreover, two books authored by ISBA members have been published:
•	 “Advanced Survival Models” with Chapman and Hall/CRC Press (360 

pages)
•	 and the last part of the trilogy “Effective Statistical Learning Methods 

for Actuaries” with Springer (228 pages).

Research to appear soon, or under evaluation, was reported in 36 discussion 
papers (LIDAM Discussion Papers ref. ISBA DP2020/26-DP2021/28). 

ISBA members are involved in editorial boards of reference journals in their 
respective fields, including 

-	 Annals of Statistics, Annual Review of Statistics and its Application, 	
	 Computational Statistics and Data Analysis, Electronic Journal of 	
	 Statistics, Extremes, and Statistical Modelling in probability and 		
	 statistics;

-	 Biometrics, Biometrika and Biostatistics in biostatistics;

-	 Econometrics, Digital Finance, Econometrics and Statistics, Journal 	
	 of Business and Economic Statistics, Journal of Productivity Analysis,  
	 Journal of Risk and Financial Management, and Studies in Nonlinear  
	 Dynamics and Econometrics in finance and econometrics;

-	 as well as ASTIN Bulletin, European Actuarial Journal and Insurance:  
	 Mathematics and Economics in risk and insurance.

They also regularly act as reviewers for international, peer-reviewed journals 
or as members of scientific committees for international conferences. This is 
a clear mark that their expertise is recognized worldwide. 
 
Besides fundamental research, ISBA members are also very active in 
addressing societal issues such as sustainability of pension systems and 
insurability of long-term cancer survivors. ISBA members are also involved 
into different types of services to the society, as members of boards of 
public, non-profit organizations (scientific committee of the Fondation 
Contre le Cancer, Commission des Assurances or Conseil Académique des 
Pensions, Koninklijke Vlaamse Academie van België voor Wetenschappen en 
Kunsten, for instance). Several members have also contributed to the public 
information about Covid crisis through different media.

Training junior researchers is a key activity for ISBA senior academic 
members. In 2020-2021, ISBA has hosted 28 PhD students and 3 post-doc 
researchers. Kassu Mehari Beyene, Oswaldo Gressani, Pauline Ngugnie 
Diffouo, Fadoua Zeddouk, Nathalie Lucas, and Gilles Mordant successfully 
defended their PhD theses and were awarded the degree of Doctor in Science, 
specializing in Statistics or in Actuarial Science.

Due to the pandemic and associated travel restrictions in 2020-2021, 
ISBA only welcomed 2 foreign visitors during the academic year. Research 
activities were carried in a hybrid mode, combining on-site and remote 
activities during the lockdown period. There have been 10 regular ISBA 
research seminars, in the statistics series or in the actuarial series in 2020-
2021. Four scientific events were also organized: 3 Pension’s Mornings in the 
framework of the UCLouvain Excellence Chair in Pensions and the IABE 
Autumn School “Statistical Feature Extraction and Modelling for Risk and 
Insurance in the era of Machine Learning”. ISBA members also contributed 
to the LIDAM Workshop on Covid-19. There have been 15 Applied Statistics 
workshops focusing on problem-driven statistics organized at ISBA and 2 
short courses devoted to causality (models, learning, and invariance) and 
to the modeling of survival outcomes with high dimensional predictors 
(methods and applications).
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Scientific activities developed by ISBA members continue to be supported 
by various programs funded by the Belgian French-speaking Community 
(Fédération Wallonie-Bruxelles) including the Fonds National de la Recherche 
Scientifique (FNRS), the Walloon Region of Belgium (Région wallonne), the 
Belgian Federal Government (Belgian Science Policy) and the European 
Union (H2020 and ERC). ISBA members are involved in 3 ongoing ARC 
projects: “Sustainable, adequate and safe pensions”, “Negative and ultra-low 
interest rates: behavioral and quantitative modelling”, and “Imperfect Data: 
From Mathematical Foundations to Applications in Life Sciences”. Besides 
public support, ISBA also benefited from fruitful collaboration with private 
partners mainly from the pharmaceutical and insurance sectors (e.g., SAS, 
IDDI, GSK, AG Insurance, Ethias).

The excellence of the research programs conducted at ISBA is recognized 
internationally. ISBA moved from rank 3 to rank 2 over the last 2016-2020 
period and remained in the top 10 since 2000 in the University of Nebraska at 
Lincoln (UNL) ranking listing the top 50 universities worldwide based on the 
number of papers published in leading actuarial journals. ISBA is also among 
the 20 centers from around the world designated by the International Insu-
rance Society as Global Centers of Insurance Excellence (GCIE). This certi-
fication recognizes outstanding risk management and insurance programs 
that play an integral role in promoting insurance knowledge and research. 
UCLouvain also ranks in the category 51-100 in the QS World University 
Ranking, subject Statistics and Operational Research. Last but not least,
 
Johan Segers has been elected to Fellowship in the Institute of Mathematical 
Statistics, in recognition of his outstanding research and professional 
contributions.

The detailed key figures can be found here. [Lien vers le pdf, uniquement 
pour la page web]

Catherine Legrand, ISBA Chairwoman
Michel Denuit, ISBA Research Director
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based on generalized pairwise comparisons. 
In: Biometrical Journal, Vol. 63, no. 2, p. 272-288 (2020). 
http://hdl.handle.net/2078.1/241426
 
8. Daraio, Cinzia; Simar, Léopold; Wilson, Paul W. 
Quality as a Latent Heterogeneity Factor in the Efficiency of Universities. 
In: Economic Modelling, Vol. 99, no. June 2021, p. 105485 (2021).
http://hdl.handle.net/2078.1/244684

9. Deelstra, Griselda; Devolder, Pierre; Gnameho, Kossi; Hieber, Peter.
Valuation of hybrid financial and actuarial products in life insurance by a 
novel three-step method. 
In: ASTIN Bulletin, Vol. 50, no.3, p. 709-742 (2020). 
http://hdl.handle.net/2078.1/235797

10. Deelstra, Griselda; Devolder, Pierre; Melis, Roberta. 
Optimal annuitisation in a deterministic financial environment. 
In: Decisions in Economics and Finance, Vol. 44, p. 161-175 (2021). 
http://hdl.handle.net/2078.1/245441

11. Delsol, Laurent; Van Keilegom, Ingrid. 
Semiparametric M-estimation with non-smooth criterion functions. 
In: Annals of the Institute of Statistical Mathematics, Vol. 72, p. 577-605 (2020). 
http://hdl.handle.net/2078.1/219405

12. Denuit, Michel. 
Investing in your own and peers’ risks: the simple analytics of P2P insurance. 
In: European Actuarial Journal, Vol. 10, no.2, p. 335-359 (2020). 
http://hdl.handle.net/2078.1/238370

13. Denuit, Michel. 
Size-Biased Risk Measures of Compound Sums. 
In: North American Actuarial Journal, Vol. 24, no.4, p. 512-532 (2020). 
http://hdl.handle.net/2078.1/239906

14. Denuit, Michel; Lu, Yang. 
Wishart-gamma random effects models with applications to nonlife insurance. 
In: Journal of Risk and Insurance, Vol. 88, no. 2, p. 443-481 (2021). 
http://hdl.handle.net/2078.1/235873

15. Denuit, Michel; Robert, Christian Y. 
Large-Loss Behavior of Conditional Mean Risk Sharing. 
In: ASTIN Bulletin, Vol. 50, no.3, p. 1093-1122 (2020). 
http://hdl.handle.net/2078.1/235799

1. Publications

1.1. Reprints  

Journal Articles

1. Asenova, Stefka Kirilova; Mazo, Gildas; Segers, Johan. 
Inference on extremal dependence in the domain of attraction of a structured 
Hüsler–Reiss distribution motivated by a Markov tree with latent variables. 
In: Extremes, Vol. 24, p. 461-500 (2021). 
http://hdl.handle.net/2078.1/243714

2. Bettonville, Carole; d’Oultremont, Louise; Denuit, Michel; Trufin, Julien; 
Van Oirbeek, Robin. 
Matrix calculation for ultimate and 1-year risk in the Semi-Markov individual 
loss reserving model. 
In: Scandinavian Actuarial Journal, Vol. 2021, no.5, p. 380-407 (2021). 
http://hdl.handle.net/2078.1/246704

3. Beyene, Kassu Mehari; El Ghouch, Anouar. 
Smoothed time-dependent receiver operating characteristic curve for right 
censored survival data. 
In: Statistics in Medicine, Vol. 39, no.24, p. 3373-3396 (2020).
http://hdl.handle.net/2078.1/242815

4. Bibal, Adrien; Marion, Rebecca; von Sachs, Rainer; Frénay, Benoît.
BIOT: Explaining Multidimensional Nonlinear MDS Embeddings using the 
Best Interpretable Orthogonal Transformation. 
In: Neurocomputing, Vol. 453, p. 109-118 (2021). 
http://hdl.handle.net/2078/246070

5. Bocart, Fabian; Ghysels, Eric; Hafner, Christian. 
Monthly Art Market Returns. 
In: Journal of Risk and Financial Management, Vol. 13, no.5, p. 100 (2020). 
http://hdl.handle.net/2078.1/238816

6. Bravo, Francesco; Escanciano, Juan Carlos; Van Keilegom, Ingrid. 
Two-Step Semiparametric Empirical Likelihood Inference. 
In: Annals of Statistics, Vol. 48, no. 1, p. 1-26 (2020). 
http://hdl.handle.net/2078.1/219406

7. Cantagallo, Eva; De Backer, Mickaël; Kicinski, Michal; Ozenne, Brice; Collette, 
Laurence; Legrand, Catherine; Buyse, Marc; Péron, Julien. 
A new measure of treatment effect in clinical trials involving competing risks 
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16. Denuit, Michel; Robert, Christian Y. 
From risk sharing to pure premium for a large number of heterogeneous 
losses. 
In: Insurance: Mathematics and Economics, Vol. 96, p. 116-126 (2021). 
http://hdl.handle.net/2078.1/240685
 
17. Denuit, Michel; Robert, Christian Y. 
Stop-loss protection for a large P2P insurance pool. 
In: Insurance: Mathematics and Economics, Vol. 100, p. 210-233 (2021). 
http://hdl.handle.net/2078.1/248771

18. Denuit, Michel; Robert, Christian Y. 
Risk sharing under the dominant peer-to-peer property and casualty 
insurance business models. 
In: Risk Management and Insurance Review, Vol. 24, no.2, p. 181-205 (2021).
http://hdl.handle.net/2078.1/248773

19. Deresa, Negera Wakgari; Van Keilegom, Ingrid. 
Flexible parametric model for survival data subject to dependent censoring.
In: Biometrical journal, Vol. 62, no. 1, p. 136-156 (2020). 
http://hdl.handle.net/2078.1/219467

20. Devolder, Pierre. 
Une alternative à la pension à points : le compte individuel pension en euros. 
In: Regards économiques, Vol. 150, no.septembre, p. 1-10 (2019). 
http://hdl.handle.net/2078.1/235794

21. Devolder, Pierre. 
Propositions de réforme des retraites publiques en Belgique, Principes et 
instruments. 
In: Revue de l’OFCE , Vol. 170, p. 85-104 (2020). 
http://hdl.handle.net/2078.1/245436

22. Devolder, Pierre; Degoli, Maria-Cristina. 
Les enjeux et les perspectives de la pension à points à la lumière de 
l’expérience belge. 
In: Droit Social, Vol. 5, no. 5, p. 413-421 (2021). 
http://hdl.handle.net/2078.1/248359

23. Devolder, Pierre; Domínguez-Fabián, Inmaculada. 
Thinking in Vertical: A Practical Application of the Two-Stage Pension System 
in Spain. 
In: Sustainability, Vol. 12, no.23, p. 9928 (2020). 
http://hdl.handle.net/2078.1/240682

24. Devolder, Pierre; Levantesi, Susanna; Menzietti, Massimiliano. 
Automatic balance mechanisms for notional defined contribution pension 
systems guaranteeing social adequacy and financial sustainability: an 
application to the Italian pension system. 
In: Annals of Operations Research, Vol. 299, p. 765-795 (2021). 
http://hdl.handle.net/2078.1/238305

25. Devolder, Pierre; de Valeriola, Sébastien. 
Between DB and DC: optimal hybrid PAYG pension schemes. 
In: European Actuarial Journal, Vol. 2, p. 463-482 (2019). 
http://hdl.handle.net/2078.1/235789
 
26. Einmahl, John H. J.; Segers, Johan. 
Empirical tail copulas for functional data. 
In: Annals of Statistics, to appear (2021). 
http://hdl.handle.net/2078.1/243712

27. Fall, François Seck; Tchuigoua, Hubert Tchakoute; Vanhems, Anne; 
Simar, Léopold. 
Gender effect on microfinance social efficiency: A robust nonparametric approach. 
In: European Journal of Operational Research, Vol. 295, no. 2, p. 744-757 (2021). 
http://hdl.handle.net/2078.1/244686

28. Hafner, Christian. 
The Spread of the Covid-19 Pandemic in Time and Space. 
In: International Journal of Environmental Research and Public Health, Vol. 17,p. 
3827 (2020). 
http://hdl.handle.net/2078.1/238815

29. Hafner, Christian; Herwartz, Helmut; Maxand, Simone. 
Identification of structural multivariate GARCH models. 
In: Journal of Econometrics, to appear (2021).  
http://hdl.handle.net/2078.1/238805

30. Hafner, Christian; Kyriakopoulou, Dimitra. 
Exponential-Type GARCH Models With Linear-in-Variance Risk Premium. 
In: Journal of Business & Economic Statistics, 39, 589-603, 2021 
http://hdl.handle.net/2078.1/238811

31. Hafner, Christian; Linton, Oliver; Tang, Haihan. 
Estimation of a multiplicative correlation structure in the large dimensional 
case. 
In: Journal of Econometrics, Vol. 217, no.2, p. 431-470 (2020). 
http://hdl.handle.net/2078.1/238812
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40. Mastromarco, Camilla; Simar, Léopold; Zelenyuk, Valentin. 
Predicting recessions with a frontier measure of output gap: an application to 
Italian economy. 
In: Empirical Economics, Vol. 60, p. 2701–2740 (2021). 
http://hdl.handle.net/2078.1/244682

41. Molenberghs, Geert; Buyse, Marc; Abrams, Steven; Hens, Niel; Beutels, 
Philippe; Faes, Christel; Verbeke, Geert; Van Damme, Pierre; Goossens, Herman; 
Neyens, Thomas; Herzog, Sereina; Theeten, Heidi; Pepermans, Koen; Abad, Ariel 
Alonso; Van Keilegom, Ingrid; Speybroeck, Niko; Legrand, Catherine; De Buyser, 
Stefanie; Hulstaert, Frank. 
Infectious diseases epidemiology, quantitative methodology, and clinical 
research in the midst of the COVID-19 pandemic: Perspective from a European 
country. 
In: Contemporary Clinical Trials, Vol. 99, p. 106189 (2020). 
http://hdl.handle.net/2078.1/237498

42. Mordant, Gilles; Segers, Johan. 
Maxima and near-maxima of a Gaussian random assignment field. 
In: Statistics & Probability Letters, Vol. 173, no. June 2021, p. 109087 (2021). 
http://hdl.handle.net/2078.1/244432
 
43. Ngugnie Diffouo, Pauline; Devolder, Pierre. 
Longevity Risk Measurement of Life Annuity Products. 
In: Risks, Vol. 8, no. 1, p. 31 (2020). 
http://hdl.handle.net/2078.1/235790

44. Ngugnie Diffouo, Pauline; Devolder, Pierre. 
Design of risk sharing for risk-linked annuities.
In: International Journal of Financial Engineering, p. 2150021 (2021). 
http://hdl.handle.net/2078.1/248895

45. Njike Leunga, Charles Guy; Hainaut, Donatien. 
Interbank credit risk modelling with self-exciting jump processes. 
In: International Journal of Theoretical and Applied Finance, Vol. 23, no.6, p. 
2050039 (2020). 
http://hdl.handle.net/2078.1/238375

46. Noh, Hohsuk; Van Keilegom, Ingrid. 
On relaxing the distributional assumption of stochastic frontier models.
In: Journal of the Korean Statistical Society, Vol. 49, p. 1–14 (2020). 
http://hdl.handle.net/2078.1/219446

32. Hainaut, Donatien. 
A fractional multi-states model for insurance. 
In: Insurance: Mathematics and Economics, Vol. 98, p. 120-132 (2021). 
http://hdl.handle.net/2078.1/245446

33. Hainaut, Donatien. 
An Actuarial Approach for Modeling Pandemic Risk.
In: Risks, Vol. 9, no. 1 (2021). 
http://hdl.handle.net/2078.1/243707

34. Hallin, Marc; Mordant, Gilles; Segers, Johan. 
Multivariate Goodness-of-Fit Tests Based on Wasserstein Distance. 
In: Electronic Journal of Statistics, Vol. 15, no. 1, p. 1328-1371 (2021).
http://hdl.handle.net/2078.1/243715
 
35. Kneip, Alois; Simar, Léopold; Wilson, Paul W. 
Inference in Dynamic, Nonparametric Models of Production: Central Limit 
Theorems for Malmquist Indices. 
In: Econometric Theory, Vol. 37, no.3, p. 537-572 (2021). 
http://hdl.handle.net/2078.1/248896

36. Lambert, Philippe; Bremhorst, Vincent. 
Inclusion of time-varying covariates in cure survival models with an application 
in fertility studies. 
In: Journal of the Royal Statistical Society. Series A, Vol. 183, p. 333-354 (2020). 
http://hdl.handle.net/2078.1/219491

37. Leluc, Rémi; Portier, François; Segers, Johan. 
Control variate selection for Monte Carlo integration. 
In: Statistics and Computing, Vol. 31, no. 50 (2021). 
http://hdl.handle.net/2078.1/248899

38. Marion, Rebecca; Govaerts, Bernadette; von Sachs, Rainer. 
AdaCLV for Interpretable Variable Clustering and Dimensionality Reduction of 
Spectroscopic Data. 
In: Chemometrics and Intelligent Laboratory Systems, Vol. 206 (2020). 
http://hdl.handle.net/2078.1/229602

39. Mastromarco, Camilla; Simar, Léopold. 
Latent heterogeneity to evaluate the effect of human capital on world 
technology frontier. 
In: Journal of Productivity Analysis, Vol. 55, p. 71–89 (2021). 
http://hdl.handle.net/2078.1/244680
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47. Patilea, Valentin; Van Keilegom, Ingrid. 
A general approach for cure models in survival analysis. 
In: Annals of Statistics, Vol. 48, no. 4, p. 2323-2346 (2020). 
http://hdl.handle.net/2078.1/219466

48. Pechon, Florian; Denuit, Michel; Trufin, Julien. 
Home and Motor insurance joined at a household level using multivariate 
credibility. 
In: Annals of Actuarial Science, Vol. 15, no.1, p. 82-114 (2021). 
http://hdl.handle.net/2078.1/244116

49. Segers, Johan. 
One- versus multi-component regular variation and extremes of Markov trees. 
In: Advances in Applied Probability, Vol. 52, no.3, p. 855-878 (2020). 
http://hdl.handle.net/2078.1/238301

50. Soetewey, Antoine; Legrand, Catherine; Denuit, Michel; Silversmit, Geert.
Waiting period from diagnosis for mortgage insurance issued to cancer 
survivors. 
In: European Actuarial Journal, Vol. 11, p. 135-160 (2021).
http://hdl.handle.net/2078.1/241429

51. Thiel, Michel; Sauwen, Nicolas; Khamiakova, Tastiana; Maes, Tor; Govaerts, 
Bernadette. 
Comparison of chemometrics strategies for the spectroscopic monitoring of 
active pharmaceutical ingredients in chemical reactions. 
In: Chemometrics and Intelligent Laboratory Systems, Vol. 211, p. 104273 
(2021). 
http://hdl.handle.net/2078.1/243868
 
52. Zeddouk, Fadoua; Devolder, Pierre. 
Longevity Modelling and Pricing under a Dependent Multi-Cohort Framework. 
In: Risks, Vol. 8, no. 4, p. 121 (2020). 
http://hdl.handle.net/2078.1/240677

53. Zeddouk, Fadoua; Devolder, Pierre. 
Mean reversion in stochastic mortality: why and how?
In: European Actuarial Journal, no. 2/2020 (2020). 
http://hdl.handle.net/2078.1/235792

Book Chapters

1. Kiriliouk, Anna; Segers, Johan; Tsukahara, Hideatsu. 
Resampling Procedures with Empirical Beta Copulas. 
In: Pioneering Works on Extreme Value Theory (SpringerBriefs in Statistics); 
Springer: Singapore, 2021, p. 27-53.  
9789811607677. 
http://hdl.handle.net/2078.1/248767

2. Wunsch, Guillaume; Mouchart, Michel; Russo, Federica. 
La modélisation en sciences sociales : incertitudes et défis. 
In: Modèles : prévoir, comprendre, expliquer, interpréter, reproduire, trahir 
(Mémoires); Académie Royale de Belgique: Bruxelles, 2020, p. 165-183.  
978-2-8031-0718-6.  
http://hdl.handle.net/2078.1/238298

Books

1. Denuit, Michel; Hainaut, Donatien; Trufin, Julien. 
Effective Statistical Learning Methods for Actuaries II : Tree-Based Methods 
and Extensions. 
Springer Nature Switzerland AG: Cham, Switzerland, 2020. 
9783030575557. 228 pages. 
http://hdl.handle.net/2078.1/239911

2. Legrand, Catherine. 
Advanced Survival Models. 
Chapman and Hall/CRC Press, 2021. 
9780429054167. 360 pages. 
http://hdl.handle.net/2078.1/245817
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1.2. Disussion Papers  

1. Hainaut, Donatien. 
Moment generating function of non-Markov self-excited claims processes. 
LIDAM Discussion Paper ISBA 2021/28. 

2. Hafner, Christian. 
Teaching statistical inference without normality. 
LIDAM Discussion Paper ISBA 2021/27. 

3. Dupret, Jean-Loup; Hainaut, Donatien.
Portfolio insurance under rough volatility and Volterra processes. 
LIDAM Discussion Paper ISBA 2021/26. 

4. Njike Leunga, Charles Guy; Hainaut, Donatien. 
Valuation of Annuity Guarantees under a Self-Exciting Switching Jump Model. 
LIDAM Discussion Paper ISBA 2021/25. 

5. Mordant, Gilles; Segers, Johan. 
Measuring dependence between random vectors via optimal transport. 
LIDAM Discussion Paper ISBA 2021/24. 

6. Clémençon, Stéphan; Jalalzai, Hamid; Sabourin, Anne; Segers, Johan. 
Concentration bounds for the empirical angular measure with statistical 
learning applications. 
LIDAM Discussion Paper ISBA 2021/23. 

7. Denuit, Michel; Robert, Christian Y.
Ordering expectations conditional on a sum, with application to insurance risk 
pooling. 
LIDAM Discussion Paper ISBA 2021/22. 

8. Denuit, Michel; Trufin, Julien; Verdebout, Thomas. 
Testing for more positive expectation dependence with application to model 
comparison. 
LIDAM Discussion Paper ISBA 2021/21. 

9. Hainaut, Donatien. 
Lévy interest rate models with a long memory. 
LIDAM Discussion Paper ISBA 2021/20. 

10. Hainaut, Donatien. 
A fractional multi-states model for insurance. 
LIDAM Discussion Paper ISBA 2021/19. 

 
11. Ketelbuters, John John; Hainaut, Donatien. 
CDS Pricing with Fractional Hawkes Processes. 
LIDAM Discussion Paper ISBA 2021/18. 

12. Dupret, Jean-Loup; Barbarin, Jérôme; Hainaut, Donatien. 
Impact of rough stochastic volatility models on long-term life insurance pricing. 
LIDAM Discussion Paper ISBA 2021/17. 

13. Denuit, Michel; Robert, Christian Y.
Polynomial series expansions and moment approximations for conditional 
mean risk sharing of insurance losses. 
LIDAM Discussion Paper ISBA 2021/16.

14. Trufin, Julien; Denuit, Michel. 
Boosting cost-complexity pruned trees On Tweedie responses: the ABT ma-
chine. 
LIDAM Discussion Paper ISBA 2021/15. 

15. Mathieu, Sophie; Lefèvre, Laure; von Sachs, Rainer; Delouille, Véronique; 
Ritter, Christian; Clette, Frédéric. 
Nonparametric monitoring of sunspot number observations: a case study. 
LIDAM Discussion Paper ISBA 2021/14. 

16. Denuit, Michel; Charpentier, Arthur; Trufin, Julien. 
Autocalibration and Tweedie-dominance for insurance pricing with machine 
learning. 
LIDAM Discussion Paper ISBA 2021/13. 

17. Hainaut, Donatien; Trufin, Julien; Denuit, Michel. 
Response versus gradient boosting trees, GLMs and neural networks under 
Tweedie loss and log-link. 
LIDAM Discussion Paper ISBA 2021/12.

18. Cadena, Meitner; Denuit, Michel. 
A new measure of mortality differentials based on precedence probability. 
LIDAM Discussion Paper ISBA 2021/11. 

19. Hanna, Vanessa; Hieber, Peter; Devolder, Pierre. 
Mixed participating and unit-linked life insurance contracts: design, pricing and 
optimal strategy. 
LIDAM Discussion Paper ISBA 2021/10. 
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20. Thiel, Michel; Sauwen, Nicolas; Khamiakova, Tastiana; Maes, Tor; Govaerts, 
Bernadette. 
Comparison of chemometrics strategies for the spectroscopic monitoring of 
active pharmaceutical ingredients in chemical reactions. 
LIDAM Discussion Paper ISBA 2021/09. 
 
21. Mordant, Gilles; Segers, Johan. 
Maxima and near-maxima of a Gaussian random assignment field.  
LIDAM Discussion Paper ISBA 2021/08. 

22. Hallin, Marc; Mordant, Gilles; Segers, Johan. 
Multivariate Goodness-of-Fit Tests Based on Wasserstein Distance.
LIDAM Discussion Paper ISBA 2021/07. 

23. Asenova, Stefka Kirilova; Mazo, Gildas; Segers, Johan. 
Inference on extremal dependence in the domain of attraction of a structured 
Hüsler–Reiss distribution motivated by a Markov tree with latent variables. 
LIDAM Discussion Paper ISBA 2021/06. 

24. Einmahl, John H. J.; Segers, Johan. 
Empirical tail copulas for functional data. 
LIDAM Discussion Paper ISBA 2021/05. 

25. Ketelbuters, John John; Hainaut, Donatien. 
Time-Consistent Evaluation of Credit Risk with Contagion. 
LIDAM Discussion Paper ISBA 2021/04. 

26. Simar, Léopold; Wilson, Paul. 
Nonparametric, Stochastic Frontier Models with Multiple Inputs and Outputs. 
LIDAM Discussion Paper ISBA 2021/03. 

27. O’Loughlin, Caitlin; Simar, Léopold; Wilson, Paul. 
Methodologies for assessing government efficiency.
LIDAM Discussion Paper ISBA 2021/02. 

28. Denuit, Michel; Robert, Christian Y.
Risk sharing under the dominant peer-to-peer property and casualty insurance 
business models. 
LIDAM Discussion Paper ISBA 2021/01. 

29. Fall, François Seck; Tchuigoua, Hubert Tchakoute; Vanhems, Anne; Simar, 
Léopold. 
Gender effect on microfinance social efficiency: A robust nonparametric 
approach. 
ISBA Discussion Paper 2020/33.

30. Hafner, Christian; Wang, Linqi. 
Dynamic portfolio selection with sector-specific regularization. 
ISBA Discussion Paper 2020/32. 

31. Hafner, Christian; Herwartz, Helmut. 
Dynamic score driven independent component analysis. 
ISBA Discussion Paper 2020/31. 
 
32. Mathieu, Sophie; von Sachs, Rainer; Delouille, Véronique; Lefèvre, Laure; 
Ritter, Christian. 
Nonparametric robust monitoring of time series panel data. 
ISBA Discussion Paper 2020/30. 

33. Denuit, Michel; Robert, Christian Y.
Conditional mean risk sharing for dependent risks using graphical models. 
ISBA Discussion Paper 2020/29. 

34. Denuit, Michel; Robert, Christian Y.
Stop-loss protection for a large P2P insurance pool.
ISBA Discussion Paper 2020/28. 

35. Lucas, Nathalie; Avalosse, Hervé; Denuit, Michel. 
Hospital inpatients costs dynamics at older ages: A frequency-severity 
approach. 
ISBA Discussion Paper 2020/27. 

36. Hieber, Peter; Lucas, Nathalie. 
Life-Care Tontines. 
ISBA Discussion Paper 2020/26. 
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2. People

2.1. PhD students

1.	 Annoye, Hugues	
2.	 Asenova, Stefka Kirilova	
3.	 Beyene, Kassu Mehari
4.	 Deketelaere, Benjamin	
5.	 Delhelle, Morine
6.	 Diakite, Keivan	
7.	 Doms, Hortense
8.	 Dupret, Jean-Loup
9.	 Gressani, Oswaldo
10.	 Hanna, Vanessa	
11.	 Jacquemain, Alexandre	
12.	 Ketelbuters, John-John	
13.	 Ladekpo, Chikêola
14.	 Lucas, Nathalie	
15.	 Marion, Rebecca	
16.	 Mathieu, Sophie	
17.	 Mordant, Gilles	
18.	 Morsomme, Hélène	
19.	 Nesakati, Ensiyeh	
20.	 Ngugnie, Pauline	
21.	 Niyigena, Emmanuel	
22.	 Njike Leunga, Charles Guy	
23.	 Seck, Ndeye Arame (Short-term research position)
24.	 Soetewey, Antoine
25.	 Taverne, Cédric	
26.	 Thiel, Michel	
27.	 Zeddouk, Fadoua
28.	 Zhuman, Aigerim

2.2. Post-doc researchers

1.	 De Backer, Mickaël
2.	 Desmet, Lieven
3.	 Garcia Barrado, Leandro

2. 3. Visitors (Research visit)

1.	 Johannes Krebs, Technische Universität Braunschweig 
	 8/10/2020 – 9/10/2020. Invited by R. von Sachs.

2.	 Wende Safari, Universidade da Coruña (UDC)
	 20/07/2021 - 25/09/2021. Invited by A. El Ghouch.
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3. Seminars and Workshops

3.1. Seminars 

09/10/2020 : Statistics seminars 
Alexander Kreiss, KULeuven
«Correlation bounds, mixing and m-dependence under random time-varying 
network distances with an application to Cox-Processes»

06/11/2020 : Statistics seminars ISBA – Online
Guy Nason, Imperial College London
«Network Time Series»

19/11/2020 : Joint seminar ISBA/CORE – Online
Gilles Mordant, ISBA
«Wasserstein-based dependence measures»

20/11/2020 : Joint seminar ISBA/CORE – Online
Jan Beirlant, KU Leuven
«Optimal Transport Methods, Center-Outward Quantiles and the Measurement of 
Multivariate Risk»

27/11/2020 : Statistics seminars – Online
Johannes Krebs, Technische Universität Braunschweig 
«Statistical topological data analysis»

05/03/2021 : Joint seminar ISBA/CORE - Online
Gary Koop, University of Strathclyde Glasgow
«Forecasting Tail Risk in Non-parametric Macroeconomic VARs»

19/03/2021 : Statistics seminars - Online
Alexandra Carpentier, Otto-von-Guericke-Universität Magdeburg
«Several structured thresholding bandit problem»

02/04/2021 : Statistics seminars - Online
Johannes Schmidt-Hieber, University of Twente
«Statistical analysis of machine learning methods»

07/05/2021 : Joint seminar ISBA/CORE - Online
Oliver Linton, University of Cambridge
«A ReMeDI for Microstructure Noise»

21/05/2021 : Statistics seminars - Online
Haotian Xu, Université de Genève
«Robust Estimation of Large Autocovariance Matrices»

3.2. Applied Statistics Workshops 

02/10/2020 - Online
Christian Ritter, SMCS and Ritter & Danielson Consulting
«See and show: Communication with and about data and statistical models 
by graphs and tables» and «Using online data sources»

30/10/2020 – Online 
Adeline Grard, UCLouvain 
«Introduction to Research Data Management (RDM) and Data Management 
Plans (DMP) »
Anastassia Negrouk, MyData-TRUST
«MyData-TRUST GDPR made easy for statisticians»

13/11/2020 - Online 
Linda Danielson, IDDI  
«Common sense and ethical challenges in for biostatisticians»
Johan Santamaria, LeanSixSigmaBelgium
«Improve customer satisfaction with statistics»

18/12/2020 - Online 
Kristel Vignery, Université Saint-Louis Bruxelles 
«Réseaux d’étudiants, centralité, densité et performance à l’université:
État des lieux, proposition de méthodologie et résultats empiriques»
Maria Lanzerath, W. L. Gore & Associates
«A Definitive Screening Design encompassing three process steps to improve 
an industrial process to produce a resin»

12/02/2021 - Online 
Nikolaus Haselgruber, CIS, Austria
«Models for Reliability Verification» 
Eric Schoen, KU Leuven, Belgium
«Order-of-addition experiments to elucidate the sequence effects of 
treatments» 
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26/02/2021 - Online        
Vaiva Deltuvaite-Thomas, IDDI
«Missing data. Should I care?» 

26/03/2021 - Online 
Arnout Van Messem, ULg
«Adversarial examples - some insights» 
Gilles Louppe, ULg
«The frontier of simulation-based inference» 
 
23/04/2021 – Online
Karin Binder, University of Regensburg
«How natural frequencies can save lives» 
Nathan Uyttendaele, educator and communicator in statistics
«Free, flexible and built on top of R: meet Jamovi, an impressive new statistical 
software»

4. Scientific Events 

AUTUMN SCHOOL : STATISTICAL FEATURE EXTRACTION AND MODELLING FOR 
RISK AND INSURANCE IN THE ERA OF MACHINE LEARNING
09, 10 and 11/12/2020 - Online
by Gareth W. Peters, Heriot-Watt University, Edinburgh, UK
and Ioannis Chalkiadakis, Heriot-Watt University, Edinburgh, UK
Programme:
Part 1: Introduction to feature extraction and kernel families
Part 2: Gaussian processes, multiple output Gaussian processes, convolution 
Gaussian processes and applications in causal analysis and spatial modelling
Part 3: Natural Language Processing: data wrangling and preparation of text 
data, multiple output convolutional Gaussian processes models for NLP settings. 
Organisator : IA|BE - ISBA

LIDAM Workshop on Covid-19 
11/12/2020 - Online   
Programme
14:10 Sandy Tubeuf on « Who should get it first? Public preferences for prioriti-
sing a COVID-19 vaccine »
14:40 Eugen Pircalabelu on « A poor man’s modeling of the burden of disease 
for COVID-19 »
15:10 Donatien Hainaut on « An actuarial approach for modeling pandemic risk »

16:15 Philipp Kircher on « An Economic Model of the Covid-19 Pandemic with 
Young and Old Agents: Behavior, Testing and Policies »
16:45 Bertrand Candelon on « Economic consequences of the COVID »
Organisator : LIDAM

PENSIONS’ MORNINGS - SEMINAR CYCLE 
Organisators : Alexia Autenne, Pierre Devolder and Damien Piron
1. « La Réforme des Pensions » - Séance d’ouverture 
Mme Karine Lalieux,, Ministre des pensions et Mr Benoît Verwilghen, Vice-
C.E.O. & C.O.O. Life chez Ethias
21/04/2021 – Online
2. « Questions d’actualité des pensions » 
Yves Stevens, KULeuven on « In pensions we trust: there is more to the one 
dollar bill than it seems »
Myriam Lanotte, Lead analyst chez Sigedis (DB2P project), UCLouvain on « Pen-
sion communication landscape in 2020: Situation, challenge and future pers-
pectives »
14/05/2021 - Online 
3. « Rapport de la Cour des Comptes »
Madame Hélène Mastrodicasa, Messieurs Xavier Tihon et Baptiste Vanderclau-
sen, Auditeurs à la Cour des comptes on « Pensions complémentaires – Effi-
cience de la politique publique d’incitants sociaux et fiscaux », Suivi d’un panel 
de discussion autour du rapport animé par Monsieur Damien Piron, UCLouvain
11/06/2021 – Online
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5. Short courses

09-10/11/2020 – Online
Jonas Peters, University of Kopenhagen
«Causality: Models, Learning, and Invariance»

05/06/2021 – Online
Yi Li, University of Michigan
 «Modeling Survival Outcomes with High Dimensional Predictors: 
Methods and Applications»

6. Doctoral Dissertations

24/09/2020
Kassu Mehari Beyene 
« Time-dependent ROC curve estimation and inference for censored data: 
some novel contributions »
Promotor : Anouar El Ghouch
http://hdl.handle.net/2078.1/240045

28/10/2020
Oswaldo Gressani 
« Laplace approximations and Bayesian P-splines for statistical inference » 
Promotor : Philippe Lambert
http://hdl.handle.net/2078.1/240046

14/12/2020
Pauline Ngugnie Diffouo
« Pricing, Design and Solvency Measurement of Annuity products » 
Promotor : Pierre Devolder
http://hdl.handle.net/2078.1/240957
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7. Projects  

7.1. Starting projects 

Processus de Lévy fractionnaires et applications en finance 
mathématique
Price movements of thinly-traded assets (with low liquidity) exhibit plateaus 
which correspond to periods without exchanges. The price of such assets can 
even be frozen during a few hours. Such liquidity shortages are also observed 
for high-frequency data. Nevertheless, the literature about the modeling of 
assets illiquidity in the dynamics of stock prices is sparse. Furthermore, this 
illiquidity is inconsistent with classical approaches such as Lévy processes. 
The goal of the research is to address this issue using fractional Lévy processes 
and to develop pricing tools for the financial sector that take into account 
liquidity shortage. Liquidity issue are particularly visible at high frequency 
(HF) and are a concern of most of financial institutions managing HF funds.
Promotor: D. Hainaut, Researcher: Jean-Loup Dupret. 2021-2023.
UCLouvain FSR and FNRS. 

Graph informed sufficient dimension reduction: a bridging conditional 
independence framework for distributed estimation and inference
The proposed project focuses upon conditional independence modelling 
and provides new methodological aspects for extending the estimation of 
probabilistic graphical models (PGMs) while performing supervised feature 
extraction methods proposed in the statistics literature. This will be performed 
by exploiting the close connection between these two distinct modelling 
frameworks and by retaining the strong points of each framework and thus 
making feasible the identification of a central dimension reduction space 
in a high-dimensional setting. As such, the estimation of PGMs in settings 
where datasets are stored on distributed clusters will be of central interest.
Promotor: E. Pircalabelu, Researcher: Ensiyeh Nezakati. 2021-2023.
UCLouvain FSR. 

21/12/2020
Fadoua Zeddouk 
« Hedging and pricing longevity risks : actuarial challenges and 
securitization solutions »  
Promotor : Pierre Devolder
Permalien : http://hdl.handle.net/2078.1/240961

02/04/2021
Nathalie Lucas 
« Actuarial models for health and long-term care insurance »  
Promotor : Michel Denuit
Permalien : http://hdl.handle.net/2078.1/245408

23/08/2021
Gilles Mordant
« Transporting probability measures : some contributions to statistical 
inference » 
Promotors : Johan Segers, Cédric Heuchenne
Permalien : http://hdl.handle.net/2078.1/250201
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Negative and ultra-low interest rates: behavioral and 
quantitative modelling
Interest rates are a cornerstone of economics and finance. They are 
at the foundation of asset pricing and monetary policy, and more 
generally of all intertemporal choices made by market participants 
and institutions every day, with huge consequences for the economic 
activity and wellbeing of our societies. Until recently, it was assumed 
(mostly implicitly) that interest rates could only possibly be positive. 
Notwithstanding, in the wake of the financial crisis initiated in 2008, major 
central banks of developed countries have been brought to conduct 
rates policies that turned them negative. The consequences of such a 
paradigm shift are both potentially huge and not well understood yet. 
This research project aims at shedding light on these consequences, both 
from an academic and a policy viewpoint, following three intertwined 
research lines that bring together a multidisciplinary team of researchers 
working on Behavioral Finance, Macro Finance, and Quantitative Finance.
Promotors: Catherine D’Hondt, Julio Dávila, Leonardo Iania, Christian 
Hafner, Olivier Corneille and Frederic Vrins. ARC project. 2018-2023. 
Sponsor:  FW-B (Fédération Wallonie-Bruxelles). 

Using biomarkers to enrich interim analyses in cancer 
clinical trials
A surrogate endpoint is one that can be used instead of a clinical 
endpoint, with a corresponding gain in time and/or decrease in the 
number of patients required to develop new treatments. Biomarkers, 
which can potentially serve as surrogates, are increasingly available 
in randomized clinical trials in oncology.  The validation of surrogate 
endpoints has proved to be challenging due to the specific condition 
known as “trial-level” surrogacy, seldom found in empirical studies. 
This project aims at developing and validating statistical methods that 
rely on “individual-level” surrogacy rather than “trial-level” surrogacy, 
thus allowing the use of biomarkers to predict clinical endpoints in 
individual trials. In particular, we propose to study the potential benefits 
of using biomarkers to enrich interim analyses of clinical endpoints in 
randomized clinical trials. This will be done by further developing the 
statistical models and techniques that allow for using interim data from 

7.2. Ongoing projects 

Imperfect Data: From Mathematical Foundations to 
Applications in Life Sciences (IMAL)
We are witnessing a period of time where the data collection potential 
has increased exponentially. The cautionary tale of this big data era is that 
large amounts of data do not necessarily contribute to an increment in our 
knowledge about the underlying phenomenon. One of the principal reasons 
for this is that even though one would desire to measure a characteristic 
for a subject, in many instances one can only get an approximate 
measurement due to difficulty in obtaining the direct measurement of the 
desired phenomenon (e.g. tumor size), non-replicability across instances 
(e.g. blood pressure), necessity to obtain numerous measurements 
rapidly, sometimes at the cost of accuracy. As a result, many modern 
observed markers are proxies for the real data because invasive, 
costly or too complex methods would be required to obtain accurate 
measurements. In this project we study how one can correct for different 
types of imperfect data when building statistical models with a focus on 
applications coming from life sciences. Imperfect data appear in different 
contexts, structures and models, and this project focuses on two common 
settings which regularly suffer from imperfect data: data in a regression 
context with imperfectly measured explanatory variables (Theme 1) and 
highdimensional or functional data with measurement error (Theme 2).
Promotors: Catherine Legrand (porte-parole, UCLouvain), Anouar El 
Ghouch (UCLouvain), Philippe Lambert (UCLouvain / ULiège), Eugen 
Pircalabelu (UCLouvain), Germain Van Bever (UNamur), Ingrid Van 
Keilegom (UCLouvain / KU Leuven). 2020-2025.  
Sponsor:  FW-B (Fédération Wallonie-Bruxelles). 

Sustainable, Adequate and Safe Pensions
This interdisciplinary research project (law, economics, actuarial science, 
philosophy) aims at critically assessing the key conditions that a public 
pension system should fulfil to be successfully reformed. Our hypothesis is that 
there are three such conditions: i) financial sustainability, ii) social adequacy 
and iii) safe governance. Hence, the ‘SAS’ acronym. Our goal is to identify 
the pension architecture that is the most likely to generate SAS pensions.
Promotors: Pierre Devolder, Alexia Autenne, Jean Hindriks, Vincent 
Vandenberghe, Axel Gosseries. ARC project. 2018-2023.  
Sponsor:  FW-B (Fédération Wallonie-Bruxelles). 
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Optimal transport in nonparametric statics: Copulas 
for non-Euclidean data and multivariate tail quantile 
countours
The aim is to explore the potential of concepts and methods from the theory 
of optimal measure transport for statistical modelling and inference. We 
will extend the classical probability integral and quantile transforms on the 
real line to more general state spaces thanks to cost-minimizing mappings 
pushing a reference measure towards a target measure. Based on these 
transforms, we will seek to extend Sklar’s celebrated copula theorem to 
more general metric spaces. The unit circle will serve as test case, and will 
allow us to model dependence between directional data. Further, we will 
study properties of tail quantile contours of multivariate regularly varying 
distributions defined via cyclically monotone mappings. Such contours are 
expected to satisfy a shape constraint involving a compact convex body, 
and we will look to exploit this information to construct efficient estimators.
Promotor: Johan Segers. 2019-2021.
Sponsor : FNRS CDR.

Quantile regression for censored data
One of the statistical challenges in survival analysis is the study of the 
relationship between a time-to-event response T and a set covariates 
X. This can be done using a wide variety of regression techniques like, 
for example, linear, AFT or Cox models. A robust and flexible alternative 
to these classical models is quantile regression, which has gained 
considerable popularity and interest in recent years. Many methods 
have been developed for quantile regression with completely observed 
data. But when data are subject to censoring, statistical estimation and 
inference become more difficult, and the literature is sparse. The existing 
work focuses on the case of i.i.d. data with a right-censored response, 
but in practice censoring mechanisms can be quite complicated 
(e.g. interval censoring) and may concern both the response and the 
covariates. The objective of this project is to develop and study consistent 
and computationally efficient procedures to conduct estimation and 
inference in quantile regression models with complicated censoring 
mechanisms. To this end, an enriched asymmetric Laplace distribution will 
be proposed and studied. Once studied, this distribution will be used to 

a clinical trial to make predictions about its future results, thus expediting 
decisions and actions that need to be made in drug development.
Promotor: Catherine Legrand. 2019-2021.  
Subvention FIRST Entreprise Docteur de la Région Wallone.   
Sponsor: RW (Région Wallonne). 

BeNeFit
The BeNeFit project is a collaborative effort between UCLouvain (Main 
promotor: Catherine Legrand, ISBA-LIDAM), two private industry (IDDI, 
BMS), one non-profit organization (EORTC, via an Innoviris funding) and 
the Hopitaux Universitaires de Lyon. This project, entitled «Biostatistical 
Estimation of Net Effects for Individualization of Therapy” obtained a Biowin 
grant (Pôle de compétitivité Région Wallone). The objective is to develop a 
new method to combine information about the different aspects of a new 
therapy (short and long term outcome, toxicity, quality of life) rather than 
focusing on an primary endoint as is currently done in clinical research. This 
new statistical methodology, based on further developments of “generalized 
pairwise comparisons”, will also be implemented in an appropriate software 
to allow the analysis of the data from a clinical trial while choosing a 
hierarchy in these outcomes, based on the priority of each patient and 
medical doctor to provide a specific answer in terms of risk-benefit.
Promotor: Catherine Legrand. 2019-2021.
Sponsor: RW (Région Wallonne).

BRAIN-be: Valorisation de 70 ans d’observations solaires de 
l’Observatoire Royal de Belgique
This is an interdisciplinary project (VAL-U-SUN) between the Solar Influence 
Data Analysis Center of the Royal Observatory Belgium (Uccle, Brussels), 
Drs Laure Lefevre et Veronique Delouille, and l’ISBA, on the analysis of 
the international Sunspot Index. In a four years’ PhD project, the task is 
to statistically characterise the sunpot data set, by developing a model 
for its short and long term behaviour over time, including its statistical 
uncertainties. The overall goal is to come up with an automated quality 
control algorithm that allows (almost) online supervision of the evolution 
of the data reported by a collection of sunspot observation station 
around the world that contribute to establishing a statistically “clean” 
index. Assistance to this project is given by the SMCS (Christian Ritter).
Promotor: Rainer von Sachs, Researcher: Sophie Mathieu. 2016-2021.
Sponsor: BSP (Belgian Science Policy). 
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investigate the case of quantile regression with (1) censored response, (2) 
censored covariates and (3) censored response and censored covariates.
Promotors: Anouar El Ghouch, Ingrid Van Keilegom. 2020-2024.
Partnership KULeuven - UCLouvain. 

Pension valuation and solvency
Development of a coherent and universal model of valua-
tion and solvency requirement of pension liabilities for pen-
sion funds and insurance companies in a stochastic environment.
Promotor: Pierre Devolder. 2016-2020. 
Sponsor : AG Insurance Chair. 

Fully funded Pension Systems
The purpose of this interdisciplinary research project (law, actua-
rial science) is to look at the future of fully funded occupational 
pension schemes in the context of ageing and low interest rates. 
Promotor: Pierre Devolder. 2019-2022.
Sponsor: ETHIAS Chair. 

SAS
The SAS software is one of the most used statistical software in the 
world. Since several years, there exist a partenariat between SAS and 
Institut de Statistique, Biostatistique et Sciences Actuarielles (ISBA) 
through which courses of programming in SAS and data mining tech-
niques are organized. These courses are open to all master students 
as well as to PhD students and to all researchers of the UCLouvain.
Promotor: Catherine Legrand. 2018-2022.
Partnership SAS - UCLouvain.


