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

Source: Urban observatory of HydroScience
Montpellier (OHSM)'

Time period: [2019, 2022]

High temporal resolution:
Every minute — 5-minute aggregation

High spatial resolution:
Interdistance € [77,1531] meters

"FINAUD-GuYOT et al. 2023
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ADDITIONAL DATA: COMEPHORE

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

» Spatial resolution: 1km x 1km

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

Generalized Pareto Distribution
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UNIVARIATE PRECIPITATION MODELING
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» Models extreme precipitation

» Depends on a threshold choice
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UNIVARIATE PRECIPITATION MODELING

Generalized Pareto Distribution

e if¢=o0,

He (X;u) B {(Iig%):/g if¢#0,

wherea, = max(a,0), c >0, x—u >0

» Models extreme precipitation

» Depends on a threshold choice

"NAVEAU et al. 2016

—>

Extended GPD'’
%

F) =G (He (7))
(x) e\
where G(x) = x*, Kk > 0

» Models moderate and extreme
precipitation

» Avoid a threshold choice
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UNIVARIATE PRECIPITATION MODELING

Generalized Pareto Distribution — Extended GPD
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EGPD FITTING

Left-censoring: selected according to the NRMSE criterion for each site individually
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SPATIO-TEMPORAL DEPENDENCE MODELING

Rainfallfield: X = {X:, (s,t) € Sx T}

Assumptions: X is a 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

7/18



DEPENDENCE MEASURES

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

Spatio-temporal extremogram

FOI‘a”hE/\S,TE/\T,
x (h,7) = lim o (h,7), ~where xq(h,7) =P(Xs: > q | Xsineer > 9),

with g € [0,1[and X, the standardized univariate 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

Spatio-temporal extremogram of a Brown-Resnick process
Leth € Asand 7 € Ay. 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, ) =2(1-¢(/1n(h r)))}

- ~
- ~
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- ~
- ~
- ~

.~ Transformation: . _
(X)) =2log (o7 (1= X))~

- ~
- ~
- ~

)’

St
Spatial Temporal
1 (x(h,0)) = log 51 + au log||h||, h > 0 1n(x(0,7)) =log B2 + azlogT, 7 >0
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SPATIO-TEMPORAL DEPENDENCE MODELING

Case of additive separability: “’("Z’T) = Gi||h||* + B27%, 0 < m,a2 < 2, 51,5 >0

Spatio-temporal
{x(h, r=2(1-¢( h(h,f))ﬂ

- ~
- ~
- ~
- ~
~

s “Transformation: - . .
om(x) =2log (¢71 (1= 3x))

- ~
- ~
- ~

L S
Spatial Temporal
n(x(h,0)) :=¢ + auxp, h >0 n(x(0,7)) i=¢2 + az2x-, 7 >0

Weighted Least Squares Estimation (WLSE)

G . ~
(&) = araming o, S0 () = (@ + )’
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SPATIAL DEPENDENCE ESTIMATION

Empirical spatial extremogram

Forafixedt € T and q a high quantile,

;
[Np | Ei,ﬂ(s;,s,»)em, 1{Xs*,,t>ﬂ X >4}

9(h,0) =
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where C, are equifrequent distance classes and
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TEMPORAL DEPENDENCE ESTIMATION

Empirical temporal extremogram

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

1 T—71
= Zk:1 1{X;¢k >4 ot >q}

~(s)
Xaq (0,7) = T
7 i Log, >0
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MODEL VALIDATION

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

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

| True  Mean RMSE  MAE |
B | 0.4 0524 0138 0.126
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

Advection vector V

» Horizontal transport of air masses

» To relax the separability assumption

Advection S0
y (i Sublimation
ondensation pmﬂlpﬁﬂﬂﬂ'\ lee and
Precipitation snow
l Transpiration \ \ /
Runoff. Evaporation

Lake
lnﬁkralion‘l

Groundwater

Hydrologic cycle
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CONSIDERING ADVECTION

1.50 t=17
Advection vector V
» Horizontal transport of air masses 125

y(h.7)

» To relax the separability assumption

1.00 /
Lagrangian/Eulerian variogram /

0.75

y(h,7)=~(h—7V,T)
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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ESTIMATION OF CONSTANT ADVECTION

Parameter optimization of ©@ = (3, 5;, o, a, V)

Excesses: for p a spatio-temporal configuration

"y
By =10 >alx; >0} ~ BOxne) = Dok~ Blny: xp0)
k=1

Composite log-likelihood:

08 (Lo (£)) = 3= g (") + kylog xs0 + (1, — ) g1 = xr0)
p p

16/18



PERSPECTIVES

» Advection estimation on COMEPHORE data

» Incorporing advection in the dependence model
» Downscaling

» Adding wind data
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EGPD FITTING
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