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“Man can believe the impossible, but man can never believe the impro-

bable”

Oscar Wilde (Intentions, 1891)

Les événements extrêmes ?

Incertitudes, probabilité, rareté, fortes amplitudes
Improve Flood
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Problems Related to Extreme
Observations

! By definition, only few data

are available

! Are probabilistic approaches

suited for such cases?

(most often we need quite large

sample size to “learn” the data

behaviour)

Probabilistic Approaches Asset

! Pr [X > x ] = 1
r ⇔ x is expected to be exceeded once

every r observations/years.
! Useful to define the design flood, risk analysis. . .
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”It is very likely that hot extremes, heat waves, and heavy precipitation

events will continue to become more frequent” and that “precipitation is

highly variable spatially and temporally”

The policymakers summary of the

2007 Intergovernmental Panel on Climate Change
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“Know or predict some statistical properties of events that

haven’t been seen yet (or only a few). . . ”

Ouvèze River. Vaison-la-Romaine, South-East France.

22th September 1992.

! Our approach: Probabilistic modelling of extreme

events

! We will mainly focus on partially gauged stations

4/29

(220 mm of rain in 3 h)
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Une théorie mathématique (probabiliste) bien développée
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⇓ ↓ ↑ ⇑ Extrêmes? Echelles TVE Régionalisation 8

Convergence of sample maxima

Normal density ⇒

Uniform density ⇒

Cauchy density ⇒

⇐ Gumbel density

⇐ Weibull density

⇐ Fréchet density

n = 50 n = 100
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La théorie des valeurs extrêmes : “Generalized Pareto Distribution”

Improve Flood
Quantile Estimates

by
Mathieu Ribatet

Intro

Motivations

Extreme Value Theory

Improve Inferences

Modelling All
Exceedances

Justification

Theory

First (Few) Results

Test for Asymptotic

Dependence

Comparison Between All

Markovian Models

Inference on Flood Duration

Conclusions and
Perspectives

Some References

Problems Related to Extreme
Observations

! By definition, only few data

are available

! Are probabilistic approaches

suited for such cases?

(most often we need quite large

sample size to “learn” the data

behaviour)

Probabilistic Approaches Asset

! Pr [X > x ] = 1
r ⇔ x is expected to be exceeded once

every r observations/years.
! Useful to define the design flood, risk analysis. . .
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La régionalisation stochastique de précipitations ?

Sachant les états des régimes de temps St et/ou des variables atmosphériques

grande échelle Xt, quelle est la distribution des précipitations locales Rt ?

fRt|Xt,St=s(r) =??
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Figure 3: Schematic graph explaining the main components of our downscaling scheme.
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Vrac and Naveau, WRR, 2007 : ILLINOIS, USA
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La petite échelle : Rt = Précipitations journalières observées à 37 sta-

tions 1980-1999 (DJF)

La grande échelle : Xt = NCEP geopotential height, Q and DT at

850mb

Régimes de temps : St = Quatre régimes régionaux de précipitations

fRt|Xt,St=s(r) =
37∏

i=1

{
[pis(Xt)gis(ri)]

I(ri>0) × [1− pis(Xt)]
I(ri=0)

}

avec

pis(Xt) = probabilité d’occurrence = régression logistique

gis(ri)= intensité des précipitations au site i
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L’approche : précipitations = Gamma distribution

(a) (b)

(c) (d)

Figure 1: Qq-plots of precipitation patterns 2 and 3 for station “Sparta”, for function g in
(4) as a gamma distribution in (a) and (b) and g as a dynamic mixture (7)

6

gis(r) = dGammais(r)
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Notre approche : précipitations = mélange de lois Gamma + GPD

(a) (b)

(c) (d)

Figure 1: Qq-plots of precipitation patterns 2 and 3 for station “Sparta”, for function g in
(4) as a gamma distribution in (a) and (b) and g as a dynamic mixture (7)

6

gis(r) = cst× [(1− w(r))dGammais(r) + w(r)dGPDis(r)]
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“Les causes régulières des phénomènes sont le

plus souvent, ou inconnues, ou trop compliquées

pour être soumises au calcul : souvent encore

leur action est troublée par des causes acciden-

telles et irrégulières ; mais elle reste toujours em-

preinte dans les événements produits par toutes

ces causes, ... L’analyse des probabilités assigne

la probabilité de ces causes, et elle indique les

moyens d’accroitre de plus en plus cette proba-

bilité.”

“Essai Philosophiques sur les probabilités”

Pierre-Simon Laplace (1749-1827)
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frequency oscillations, that is, the trend (secular time scales)
are represented in the approximation A6. Higher frequen-
cies are captured within the first four details (1-to-4); the
inter-annual time scales are located in the first two levels
(D1 and D2: ffi 2-to-9 years periods), decadal time scales
being given in the 3rd and 4th levels (D3 and D4: ffi 9-to-
30 years periods). In addition we also apply an Empirical
Modal Decomposition (EMD) [Huang et al., 1998;
Flandrin and Gonçalves, 2004].

3. Temporal Linear Trend Estimated at Each
Gridpoint

[8] The time-series of the annual mean air temperature
anomalies averaged over France for the period 1880–2005
is shown in Figure 1. On the whole period 1880–2005, the
estimated slope is equal to 0.94!C/century. However, this
increase is not monotonous. A simple visual inspection of
the annual means reveals that from 1880 to roughly 1950,
temperatures increased at an estimated rate of +0.10!C per
decade. In contrast, from 1950 to 1980, temperatures
decreased by "0.045!C per decade. The 1980–2005 epoch
is characterized by an impressive raise rate of +0.54!C per
decade.

[9] The geographic pattern of these annual mean linear
trends is also interesting. The general picture of the 1900–
2005 geographic slopes (Figure 2, left), shows that the
higher linear trends are located in southern France. Instead
after 1980 (Figure 2, right), the greatest impact of this rise
concerns North and East of France.
[10] Analyses of spatial linear trends of minimum and

maximum temperatures (not shown here) together with
1931–2000 spatial linear trends of sunshine duration series
[Moisselin and Canellas, 2005] gives a first explanation to
the spatial patterns of the 1900–2005 rise. While sunshine
duration has increased in the south (+0.5% per decade on
average), it decreases in the north of France (up to "1% per
decade). This decrease in sunshine duration has a relative
cooling effect that mainly affects maximum rather than
minimum temperatures. As a consequence, maximum tem-

Figure 2. Spatial temperature linear trends for the period (left) 1900–2005 and (right) 1980–2005, in !C per decade.

Figure 3. Continuous wavelet amplitude (in !C) analysis
of the annual mean temperature anomalies over France.

Figure 4. Multiresolution Resolution Analysis with non-
decimated discrete wavelets of the annual mean temperature
anomalies over France, (a) D1 (solid) and D2 (dashed)
interannual details, (b) D3 (solid) and D4 (dashed) decadal
details, (c) D5 (solid) and D6 (dashed) interdecadal details,
and (d) secular component A6 (solid) and D5 + D6
(dashed).

L13705 ABARCA-DEL-RIO AND MESTRE: TIME SCALE VARIABILITY L13705

2 of 4

Abarca-Del-Rio and Olivier Mestre, GRL, 2007
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Time reversibility?

! For stationary time series and BM/POT approach,

the time direction has no importance

! When modelling all exceedances, IT HAS!

! Flood hydrograms are clearly asymmetric

! Thus, Markovian models should respect this

asymmetry

22/29
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Climatologie : maximum ou minimum (journalier, mensuel, annuel),

nombre de jour sans pluie, etc

Hydrologie : le niveau de retour. Une crue centennale est une crue

dont la probabilité d’apparition une année est de 1 / 100, en terme

de débit.

Problème d’extrapolation LOCALE :

Avec 50 ans de données, comment estimer un niveau de retour

centennale ?


