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Context   

The Mediterranean area is exposed to some natural hazards caused by extreme weather events such as periods 
of heavy rainfall (in terms of duration and/or intensity) or by other environmental processes such as high waves. 
Impact models must be conditioned by forcings. These forcings (inputs of the models) can be extreme spatial 
fields of values such as precipitation or waves. Constructing these forcing scenarios as close to reality as possible 
is therefore a crucial issue. 
 
Objectives / scientific questions   

- Propose model for spatial or spatio-temporal extreme processes  
- Generate scenarios of rainfall and waves variables taking into account extreme events.  
 
The strength but also the difficulty of the project lies in the spatio-temporal aspect of extreme events with 
inherent complex dependencies. 
 
Main results 

We develop in Chailan et al. (2017) a semi-parametric approach to generate extreme spatio-temporal fields of 
extreme waves in the Golfe of Lion. The trick consists in uplifting the correctly standardized observed extreme 
fields. As part of the Cerise project, Palacios Rodriguez et al. (2019) have shown the links between this semi-
parametric method and the Pareto processes to model phenomena exceeding a sufficiently high threshold. We 
introduce a methodology to stochastically simulate realistic spatio-temporal extreme fields. For an 
implementation and illustrations of our methodology, we calculate risk measures using extreme event 
simulations of hourly gridded precipitation data in Mediterranean France. Examples of two simulated events are 
given in Figures below.  

The previously mentionned simulation approaches on spatial extremes are based on a extremal dependance 
hypothesis. They assume that dependence remains constant whatever the extreme level we consider and are 
therefore not adapted to cases when the asymptotic dependence strength decreases at high levels and may 
vanish ultimately in the case of asymptotic independence (AI). While continuing to favor thresholding 
techniques, we developed spatio-temporal models that allow for the so-called asymptotic independence 
framework (Bacro et al., 2019).  

Models with flexible dependencies (possibly AI for certain distances) such as max-mixture models (Wadsworth 
and Tawn, 2012, Bacro et al., 2016) for maxima and Gaussian scales mixture processes (Opitz, 2016, Huser et 
al., 2017) for threshold exceedances have been proposed. Based on these models, we have proposed in Ahmed 
et al (2019) semi-parametric inference for the parameters of max-mixture models and also adapted spatial risk 
measures. 



 

 

 
Figures : Examples of two uplifted episodes from Palacios Rodriguez et al. (2019). In these examples, we lift 

extreme episodes to a return period twice as long as the most extreme one in the original data. Grey and black 
contour indicate altitude. 

Future of the project : The Cerise project mainly focused on modeling and simulating extreme events. To go 
further we will direct our efforts more towards the combination of extreme and non-extreme events in order 
to obtain "continuous" scenarios. 

 Propose a precipitation generator taking into account extremes as well as dry periods in a spatio-temporal 
framework will be a first completely new result that finds its interest in multiple fields. We will propose to 
assess the contribution of generated scenarios incorporating extremes in the study of flood risk in urban areas. 
We have extended the consortium regarding to these aspects in a wider LEFE project.  
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