Probabilistic modeling of multiple spatial hazards |NRAZ;

Application to agricultural droughts, hydrological droughts and fire weather
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Introduction Principal components of SWI Joint probabilities

2022 was an exceptionnally dry, hot and fire-prone year Tt f\jN (1= poly(¢);log(a) = poly(t); leape parameter (skew) Pairwise distributions at one pixel / station
= impacts: dry soils, low river flows, wildfires... Skep Normal distribution oadings ‘ joadings | |

Impacts occurring together, over a large spatial extent 0- | - Ve W
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S T e TS TR eSS 6T A il etc. up to XK'= 6 comp onents , AN = probability of jointly exceeding 2022 event
Y . 0O atel U A g N (chosen so as to explain 80% of total variance) ; - . PrISWI < SW s, FWT > FW I, Q < Quons]
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What was the prob

SWI anomal

Sy~ ,/\/(,u — linear (7‘1,?5, . ,TKjt);(f)

Spatial extents

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

Conditi()nal mOdEIS for FWI and Q withspai\:ialcov. Wit\houtspatialcov.

Fy ~ N (= poly(S;);
1_1_Example time series at one pixel / station 1Og(0-) — pOlLy (St))
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1960 1980 4 2000 2020
** \fow = danger Lt peiy | (with catchment-averaged S;) R S T - | Yoar ’J{
109{figh = danger . SWI anomaly SWT anomaly = probability of exceeding 2022 extent
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Monthly data for 3 variables: 1. SWI (Soil Wetness Index")
2. FWI (Fire Weather Index?) 3. Q (river streamtlow)
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Q Future SWI tfrom 17 GCM/RCM combinations

Use model to generate many realizations of 7 — S ~
) EURO-CORDEX, RCP8.5, https://www.drias-eau.fr/ F
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Loty cenge i 1(11 uLiuul o op, gt es = explore time-varying joint distribution of (S EFQ
date 3 ;

I Vidal et al. (2010). Multilevel and multiscale drought reanalysis over France with the , \ ) o Examp1€ at onece Station / pixel :

Safran-Isba-Modcou hydrometeorological suite. Hydrol. Earth Syst. Sci.

Le Moigne et al. (2020). The latest improvements with SURFEX v8.0 of the Safran—Isba—Modcou hydrometeorological ~ . Q at station 502 LE FIER A VALLIERES and SWI/FWI at nearest pi xel
model for France. Geosci. Model Dev. 0.8 - . .

Projection in PCA basis = simulate from 7.+ S — Q

SWI

estimated from
climate models

2 Van Wagner (1987). Development and structure of the canadian forest fire weather index system. Canadian Forest Service.
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i, ° = probability of 2022 event

regression _ Probability of swi_ S FWI_ T CO nCI us | ons

> 7- W : 2022 event | : 3 . . . . . . .
[ ]fjt ) see frame 4 Spatial cov. occurring.. S A g | S A combination of simple models 1s able to describe the multivariate

[ T of residuals I A W . space-time variability of SWI, FWI and Q.
PCA scores ~ . R - Y - Hazard can be characterized in terms of marginal intensity, joint
Principal Component Analysis (PCA) | averscine . o . | occurrence, spatial extent and duration (not shown).

: 0.200 < . .
of SWI anomaly matrix (N7 rows, Nx columns) The 2022 event would have been exceptionnal in the 1960s; 1t was

Regressions performed with GAMLSS" models o § MRGOY T A iy extreme when it occurred; it will be fairly usual by 2100.
E ' Ly X Future work: theoretical properties of extremes? applicability to
other multiple hazards? practical applications?

0.010
[ — LoB(raw)=mio *%* Stasinopoulos and Rigby (2007). Generalized additive models for location .
*log scale and shape (GAMLSS) in R. Journal of Statistical Software. 0.001
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