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Introduction
2022 was an exceptionnally dry, hot and fire-prone year 
⇒ impacts: dry soils, low river flows, wildfires...
Impacts occurring together, over a large spatial extent

What was the probability of the 2022 event?
What was it 70 years ago, what will it be in 70 years?

Conditional models for FWI and Q

Same for 
(with catchment-averaged     )

Time-varying distributions
Use model to generate many realizations of

Example at one station / pixel :  
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Joint probabilities
Pairwise distributions at one pixel / station

⇒ probability of jointly exceeding 2022 event 
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Model Overview: SWI drives FWI and Q
Standardized monthly anomalies*:     ,    ,

Regressions performed with GAMLSS** models
* ** Stasinopoulos and Rigby (2007). Generalized additive models for location 

scale and shape (GAMLSS) in R. Journal of Statistical Software.
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of SWI anomaly matrix (NT rows, NX columns)

Spatial cov.
of residuals

Spatial extents
% of pixels / stations exceeding a 5-year event (empirical 0.2-quantile)

⇒ probability of exceeding 2022 extent 
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Data
1. SWI (Soil Wetness Index1)Monthly data for 3 variables:

2. FWI (Fire Weather Index2) 3. Q (river streamflow)
Example time series at one pixel / station
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Principal components of SWI
shape parameter (skew)

Skew Normal distribution

Future SWI from 17 GCM/RCM combinations 
EURO-CORDEX, RCP8.5, https://www.drias-eau.fr/

Future projections

Projection in PCA basis ⇒ simulate from  future

estimated from
climate models

estimated from obs

SWI FWI Q

Conclusions

Hazard can be characterized in terms of marginal intensity, joint 
occurrence, spatial extent and duration (not shown).

A combination of simple models is able to describe the multivariate 
space-time variability of SWI, FWI and Q.

The 2022 event would have been exceptionnal in the 1960s; it was 
extreme when it occurred; it will be fairly usual by 2100.
Future work: theoretical properties of extremes? applicability to 
other multiple hazards? practical applications?  
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etc. up to K = 6 components 
(chosen so as to explain 80% of total variance) 

(t = 1,...,NT = 12x65)

CNRM-CERFACS-CNRM-CM5+CNRM-ALADIN63      
CNRM-CERFACS-CNRM-CM5+MOHC-HadREM3-GA7-05
ICHEC-EC-EARTH+KNMI-RACMO22E            
ICHEC-EC-EARTH+MOHC-HadREM3-GA7-05      
ICHEC-EC-EARTH+SMHI-RCA4           
IPSL-IPSL-CM5A-MR+DMI-HIRHAM5           
IPSL-IPSL-CM5A-MR+SMHI-RCA4     
MOHC-HadGEM2-ES+CLMcom-CCLM4-8-17       
MOHC-HadGEM2-ES+CNRM-ALADIN63           
MOHC-HadGEM2-ES+ICTP-RegCM4-6           
MOHC-HadGEM2-ES+MOHC-HadREM3-GA7-05   
MPI-M-MPI-ESM-LR+CLMcom-CCLM4-8-17      
MPI-M-MPI-ESM-LR+ICTP-RegCM4-6    
MPI-M-MPI-ESM-LR+MPI-CSC-REMO2009
NCC-NorESM1-M+DMI-HIRHAM5       
NCC-NorESM1-M+GERICS-REMO2015            
NCC-NorESM1-M+IPSL-WRF381P 

⇒ explore time-varying joint distribution of  
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