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4U3Autumn3floods3in3France1U3Introduction 3U3Synthetic3case3study

Results
EstimatedNHCIs

Comments

Remind0that0estimation0solely0uses0occurrence0data
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Truth
?BH0credibility0interval
fusing0all0available0dataA

?BH0credibility0interval
fcomplete0period0x?/B3kGxMA

xO0jeasabilityD0V>Us0can0be0retrieved0from0occurrence0data0alone
kO0=llow0using0all0available0dataz0while0recognizing0that0uncertainty
increases0as0data0availability0decreases0fsee0earlier0yearsA
SO0Other0fnot0shownAD0V>U0effects0and0probabilities0of0occurrence0are0
also0reliably0retrieved

Data3generation
TrueNHiddenNClimateNIndicesNandNtheirNeffects

GenerateNoccurrenceNdata
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Value4of4HCI4effect

−1 0 1

20004−422b 20014−422b 20024−412b 20034−431b 20044−435b

xO0>ompute0probabilities0of0occurrence0with0eqO0fxA
kO0Zenerate0occurrences0fB3year0extract0belowA
SO0=pply0realistic0missing0values0mask0fless0data0in0earlier0yearsA

2U3HCI3model

Parameter3estimation
xO0Vundreds0of0unknown0parameters0to0be0inferred
ftypical0of0such0hierarchical0modelsA

SO0Stepwise0inferenceD0one0V>U0at0a0time
MO0M>M>0samplingD0customized0block0Metropolis0sampler0
taking0advantage0of0the0conditional0independence0assumptions

kO0>lassical08ayesianqM>M>0approach0for0hierarchical0models

Hierarchical3model
OccurrenceNdata:NBernoulliNdistribution

ProbabilitiesNofNoccurrence

SpatialNmodels

FinalNhypotheses

Probability
ofuoccurrence

interceptuterm
H1normal1uprobabilityuofuoccurrenceC

Ensuresuprobability
isuinuH0;1C

HiddenuClimateuIndexuHHCIC HCIueffectu

Spatialumean:uconstantuoru
withueffectuofucovariatesu
ZuHevgvuelevationC

Spatialucovariance:ufunctionuofu
intersiteudistanceuH1variogram1C

NoteD0the0model0can0be0extended0to0K0hidden0climate0indices

xO0CONDITIONAL0space3time0independence0of0occurrencesz0
given0the0probabilities0
NoteD0this0does0NOT0imply0that0occurrences0are0independent4

kO0Udentifiability0constraintD0all0V>Us0have0mean0G0and0variance0x

Variesuinutime

Variesuinuspace

Variesuinuspace
andutime

Inferred quantities

Legend

H1C

Objectives
TheNconceptNofNHiddenNClimateNIndicesNvHCI-

SpecificNobjectives

xO0Rather0than0relying0on0predefined0climate0indicesz0is0it0possible
to0extract0the0relevant0indices0directly0from0the0hydrologic0data7

hiddenuclimateupattern

standarduclimateupatternu(e.g.uNAO)

ESTIMATION3 PREDICTIONP

ESTIMATION3

PREDICTION

time

hydrologicuextremes

hiddenuclimateuindex

time

time

standarduclimateuindex

time

hydrologicuextremes

Standard4climate4indices4approach
Hidden4climate4indices4approach

kO0Un0other0wordsz0the0relevant0climate0indices0are0HIDDENz0
and0we0want0to0uncover0them0using0the0hydrologic0data

xO0~evelop0a0probabilistic0model0to0describe0the0space3time
variability0of0hydrologic0extremesz0using0Vidden0>limate0Undices
kO0Should0avoid0strong0homogeneity0assumptions0and0hence0be
applicable0at0a0large0fnationalqcontinentalA0spatial0scale
SO0=ssess0the0V>U0approach0using0both0synthetic0and0real0data

SO0Pxamples0of0V>U3like0approaches0include0Thyer0C0
Kuczera0fkGGGAz0Renard0C0Lall0fkGxMA0and0=hn0et0alO0fkGxNA
MO0Voweverz0these0approaches0cannot0be0applied0beyond0a0small0
regional0scale0due0to0homogeneity0assumptions0

Context
Space4timeNvariabilityNofNfloodNoccurrences

WhatNdrivesNthisNspace4timeNvariability?

19814−454b 19824−478b 19834−46b 19844−422b 19854−40b 19864−48b 19874−46b

19884−410b 19894−41b 19904−45b 19914−413b 19924−443b 19934−447b 19944−436b

>onsider0the0occurrence0of0B3year0autumn0floods0in0jrance
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ProblemD0in0some0regions0of0the0worldz0standard0climate0indices0
such0as0above0are0poor0predictors0of0hydrologic0extremes0feOgO0
Zrantz0et0alO0kGGBz0Ziuntoli0et0alO0kGxSz0Westra0and0Sharma0kGG?A

xO0Strong0evidence0of0spatial0clustering
kO0Maybe0some0temporal0clustering70fflood0richqpoor0periodsA
SO0Managing0floods0at0this0national0scale0is0not0a0smooth0sail
through0average0yearsz0but0rather0an0alternation0of0
problem3free0and0catastrophic0years40fslightly0exaggeratedlyA

(% denote the proportion of stations where a flood occurs each year)

Data
HydrologicNdata
xO0kGN0stations0in0jrancez0x?GM3kGx/z0but0very0sparse0before0x?/G

BO0See0figure0in0introduction0for0a0xM3year0extract

kO0=t0each0stationz0derive0the0series0of0autumn0fON~A0maxima
SO0Set0threshold0K0empirical0!GH0quantile0of0this0series
MO0Occurrence0K0autumn0maxO0exceeds0this0threshold0fKL0proba0~kGHA

ClimateNdata

xO0=tmospheric0variables0over0the0North3=tlantic0fN>PPqN>=R0and0kG>RA0
kO0SSTD0global0fNO==0PSRLA0and0Mediterraneean0f>MPMSA
SO0=0selection0of0standard0climate0indices0fNO==A

Results
EstimatedNHiddenNClimateNIndices
xO0V>UxD0controls0flood0occurrence0in0the0oceanic0region0fWestz0large0effectsA

BO0Pstimated0V>Us0are0weakly0correlated0with0standard0climate0indices

kO0V>UkD0opposition08ritany3Mediterranean
SO0V>USD0highlights0northeastern0jrancez0but0effects0become0small0fKL0stopA
MO0=ll0V>Us0are0iidD0no0trendz0autocorrelation0or0low3frequency0variability

InterpretationNofNtheNHiddenNClimateNIndices
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AbilityNtoNdescribeNtheNspace4timeNvariabilityNofNextremes

xO0Spatial0variabilityD0for0S0example
yearsz0estimated0probabilities0are0
consistent0with0the0spatial0structure
of0actual0flood0occurrences

kO0Temporal0variabilityD0predicted
frequency0of0occurrence0accross
available0stations0consistent0with
observed0one
fflood0rich0q0flood0poor0yearsA

xO0jirst0V>U0shows0coherent0correlation0patterns0with0several0atmospheric
variablesz0giving0hope0for0predictability0from0large3scale0climate0information
kO0Large0values0of0V>Ux0fhigh0flood0probaO0in0Western0jranceA0associated0withD
00000000aO0negative0pressure0anomaly0and0stronger0westerlies0over0jrance
00000000bO0increased0convection0potential0and0stronger0southerlies0over0the0
000000000000northern0>aribbean0area0KL0conditions0favoring0the0transport0of0tropical
000000000000moisture0accross0the0North0=tlantic7

SO0No0association0between0first0V>U0and0SST
MO0jor0second0and0third0V>Uz0no0association0foundz0neither0with0atmospheric
variables0nor0with0SST0KL0poor0predictability0from0large3scale0climate

Z850 U850 V850CAPE

−1w0

−0w5

0w0

0w5

1w0

Correlation
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5U3Conclusion3and3perspectives
Conclusion
TheNHiddenNClimateNIndicesNapproach

InsightsNfromNtheNcaseNstudies
Zrantzz0Rajagopalanz0>lark0and0ZagonaO01JJ0O0=0technique0for0incorporating0large3scale0climate0information0in0basin3scale
ensemble0streamflow0forecastsO0Water Resour. Res.

Ziuntoliz0Renardz0Vidal0and08ardO01JR2O0Low0flows0in0jrance0and0their0relationship0to0large0scale0climate0indicesO0J. HydrolO

Westra0and0SharmaO01JJ9O0Probabilistic0Pstimation0of0Multivariate0Streamflow0Using0Undependent0>omponent0=nalysis0and
>limate0UnformationO0J. Hydrometeorol.

Thyer0and0KuczeraO01JJJO0Modeling0long3term0persistence0in0hydroclimatic0time0series0using0a0hidden0state0Markov0modelO
Water Resour. Res.

Renard0and0LallO01JRxO0Regional0frequency0analysis0conditioned0on0large3scale0atmospheric0or0oceanic0fieldsO0Water Resour. Res.

=hnz0Palmer0and0SteinschneiderO01JR9O0=0hierarchical08ayesian0model0for0regionalized0seasonal0forecastsD0=pplication0to0low
flows0in0the0northeastern0United0StatesO0Water Resour. Res.

kO0Pxtract0hidden0climate0indices0directly0from0hydrologic0dataz0rather
than0relying0on0standard0climate0indices
SO0Particularly0useful0in0regions0where0the0latter0are0poor0predictors

xO0jeasability0to0uncover0hidden0climate0indices0from0hydrologic0data
kO0Use0all0available0data0fmore0uncertainty0during0data3poor0periodsA0
SO0>limate0interpretation0of0the0first0V>UD0suggests0that0it0is0related0to0
a0genuine0climate0mechanismz0with0potential0predictability7

Perspectives
DevelopmentNofNtheNHiddenNClimateNIndicesNapproach

PotentialNapplications

xO0Zeneralize0the0fflood0occurrence0q08ernoulliA0setupz0eOgO0fflood0
intensity0q0ZPVAz00or0even0more0generallyz0fvariable0q0distributionA7
kO0Move0beyond0simple0correlation0mapsz0and0develop0a0genuine0
predictive0framework0to0estimate0V>Us0fand0hence0flood0probabilitiesA
directly0from0large3scale0climate0fields

xO0Past0reconstructionsD0eOgO0using0long0reanalyses0fkG>RqPR=kG>A0to
estimate0flood0probabilities0in0the0late0x?th0q0early0kGth0centuryO
kO0juture0flood0hazard0projections0fZ>M0projections0as0predictorsA
SO0Seasonal0forecasting0of0flood0hazard0q0early0warning0systems

xO0=0hierarchical0model0describing0the0space3time0variability0of0data
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