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STUDY AREA
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¥ » Geography:
Verdanson water catchment, tributary
Mom‘peuier\ of the Lez, located in an urban area
> Context:

Mediterranean events, flood risks
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RAIN CAUGES NETWORK

1000 m

/ » Source: Urban observatory of HydroScience
Montpellier (OHSM)'

» Time period: 2019, 2022]
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» High temporal resolution:
Every minute —» 5-minute aggregation
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» High spatial resolution:
Interdistance € [77,1531] meters

"FINAUD-GuYOT et al. 2023

S = {17raingauges} C R*and T C R,

2/17



PRECIPITATION MODELING
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PRECIPITATION MODELING
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UNIVARIATE PRECIPITATION MODELING
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UNIVARIATE PRECIPITATION MODELING

Generalized Pareto Distribution
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wherea, = max(a,0), c >0, x—u >0
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» Models extreme precipitation

» Depends on a threshold choice

5/17



UNIVARIATE PRECIPITATION MODELING

Generalized Pareto Distribution —> Extended GPD?

A () :{Q:ﬁ%“ﬁ“ et =c(ne(3)

e o
where G(x) = x*, Kk > 0
wherea, = max(a,0), c >0, x—u >0

» Models moderate and extreme

» Models extreme precipitation .
precipitation

» Depends on athreshold choice
P » Avoids a threshold choice

ZNAVEAU etal. 2016
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UNIVARIATE PRECIPITATION MODELING
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where G(x) = x", Kk > 0
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EGPD FITTING
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EGPD fitting for two rain gauges, CRBM (left) and CNRS (right) with left-censoring and 95% Cl
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PRECIPITATION MODELING
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SPATIO-TEMPORAL DEPENDENCE MODELING

Rainfallfield: X = {X:, (s,t) € Sx T}

Domain of attraction: Stationary isotropic max-stable Brown-Resnick process

Brown-Resnick process (BROWN and RESNICK 1977)
Foralls € Sandt € T, > ¢&: point of a Poisson process with intensity £ ~2d¢

o _ » W:independent replicates of an intrinsic stationary
Xt = \/ gjeWir’Y(s:t) and isotropic Gaussian random field W
j=1

> ~:spatio-temporal variogram of W
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DEPENDENCE MEASURES

LetAs C Ry and Ay C R, bessets of spatial and temporal lags respectively.

Spatio-temporal extremogram

Forallh € As, T € N7,
X(ha 7-) - clfm P(X;k,t > q ‘ X:—‘,—h,t—‘rT > q)’

with g € [0,1[and X, the uniform margins.

N
S}

&

Spatio—temporal variogram vy

v(h, ) = —Var( —Wsiptir), heNs, 7 €N

o

Rainfall at CNRS (mm)

10 15 20
Ramfall at Polytech (mm)
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DEPENDENCE MEASURES
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DEPENDENCE MEASURES

Spatio-temporal extremogram of a Brown-Resnick process
Leth € Asand 7 € Ar. We have

x(h,7) =2 (1 — ¢ ( 127(51,7')))

with ¢ the std normal c.d.f. and ~ the variogram of W.

Dependence model framework: BuHLetal. 2019
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SPATIO-TEMPORAL DEPENDENCE MODELING

Case of additive separability: 7("2’T) = Gq||h]|®" + B27%2, 0 < m,02 <2, 1,8, >0

Spatio-temporal
{x(h»f) =2 (1-¢( lv(hﬂ))}
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.~ Transformation: . _
o n(x) =2log (o7 (1 — 3x)) ~«

- ~
- ~
- ~

~

)’

SU
Spatial Temporal
n(x(h,0)) = log 1 + an log|lh||, h € As n(x(0,7)) = log B2 + azlog T, T € A1
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SPATIO-TEMPORAL DEPENDENCE MODELING

Case of additive separability: “’("Z’T) = Gq||h]|*" + B27%2, 0 < av,02 <2, 1,8, >0

x(h,7) =2 ('l — ¢ ( 2v(h, ’7')))
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on(x) =2log (671 (1 3x)) -+
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{ Spatio-temporal J

~

N

2
Spatial Temporal
n (X(h7 O)) =6+ ouXp, he s n (X(O7T)) =0 40Xy, TE Nt

Weighted Least Squares Estimation (WLSE)

G . ~
(&) = areming o, S (0 ) = o+ )’

1
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SPATIAL DEPENDENCE ESTIMATION

Empirical spatial extremogram

Forafixedt € T and q a high quantile,
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9(h,0) =

)
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where Cy, are equifrequent distance classes and
Niw = {(si,5)) € S* | llsi —sill € Cu}-
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TEMPORAL DEPENDENCE ESTIMATION

Empirical temporal extremogram

Foralocations € S, a high quantile g and
t, € {t1,...,t7'},

1 T—71
T Zk:1 1{X;¢k >4 ot >q}
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7 X Log, >0
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CONSIDERING ADVECTION

Advection vector V

» Horizontal transport of air masses Advston _
Condengation pm.p.'anon gub[imam" lee and
» To relax the separability assumption Pigerin \
Transpiration

Lagrangian/Eulerian variogram AR
y(h,7)=~(h—7V,T)

Dependence model

lnﬁlfraoionl

Groundwater

o Hydrologic cycle
—’YL( 7) = Billh — TV|* + 57
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CONSIDERING ADVECTION - ESTIMATION

Parameter optimization of ®@ = (4, 5,, a1, az, V)

Excesses: for all spatial pairs (s;, s;),

n
Rj =D Lix sax.a | 1~ B#y: xie)

t=1

Composite log-likelihood:

Ic(e) & Z I’{,']‘ log Xij,@ + (Vl]’ — l’(,‘j) |Og(1 — X,'L@)
ij
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CONCLUSION
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CONCLUSION
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ADDITIONAL DATA

S = {400 pixels} C R?and T C R,

» Source: COMEPHORE, Météo France
> Time period: [1997,2023]
» Temporal resolution: Every hour

> Spatial resolution: 1km?
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MODEL VALIDATION - SIMULATIONS

Brown-Resnick simulations
» Spatial: S = {400sites}, 7 = {1,...,50},
» Temporal: S = {25sites }, 7 = {1,...,300},

As| =10and |Ay| =10
As| =10and |Ay| =10

| True  Mean RMSE  MAE |
B | 0.4 0524 0138 0.26
ap | 1.5 1.507 0120 0.088
B, | 0.2 0259 0.093 0.074
a; | 1 0873 0149 0128

Rainfall in mm
20

100

Parameter estimates for 100 realisations

True variogram: 3+ (h, 7) = 0.4||h||*/? + 0.27
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CONSIDERING ADVECTION

1.50 t=17
Advection vector V
» Horizontal transport of air masses 125
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» To relax the separability assumption
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d d I 1000 2000 3000 400
Dependence mode

:
*’YL( 7) = Billh — TV||*" + Bo7*

Spatial variogram with a constant advection
V = (0.001,45)" on OHSM data
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RAINFALL DATA - OHSM

20 20
15 15
: €
£ E
“210 310
i E
o [0
o
| M 5
0 ‘

2020 2021 Date 2022 2023 2020 2021 2022 2023

Date

Rainfall amounts on CNRS and Polytech rain gauges

17/17



EGPD FITTING

Left-censoring: selected according to the NRMSE criterion for each site individually?

Distribution
>

(e 2 Dataset
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*HARUNA, BLANCHET, and FAVRE 2023
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