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? Flash floods in France

Observation and modelling challenges
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Heavy rains have caused flash floods in south-eastern France and north-
western Italy, killing at least seven people on both sides of the border.
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? Flash floods in France

Observation and modelling challenges
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? Flash floods in France

Débits - 04/10/2020 11:25 DiSCha rge

Afficher les données sur:  1jour  3jours 7jours 14jours 30 jours Zoom init

800

|
? i
LES-BAINS 6 0 0 3 s H i
o8 m V '
= i
E |
£ 400 !
2 i
[=] H
!
200 H
il
—
=i
0 | [ [ I | | T T T [
[orT] 0210 02/10 01/10 03110 03710 03710 63710 04710 o410
0200 0800 1400 2000 0200 0300 1400 2000 0200 0300

JLraguignan

Maximums connus (par la banque HYDRO)

Station Utelle [Pont du Cros] (Vésubie)

Débit instantané maximal (m3/s) 4/11/2014 21:29

3 8 2 k m 2 Hauteur maximale instantanée (cm) * / \ 4/11/2014 21:29

Débit journalier maximal (m3/s) 4/11/2014

*Ja synthése étant sffectuée sur la chronigue compléte de données (station ET stations antérieures comprises sl en existe), la hauteur maximWés peut provenir dune station anténieure

Water levels Max of records

Hauteurs - 04/10/2020 11:23

Afficher les données sur:  1jour  3jours 7jours 14jours 30jours Zoom init. '
[ ]

B

all

|

Hauteur (m)

From: 6m

T T T T T T T T T T
i o 0210 0210 0210 02710 03710 03710 03710 03710 04710 04710
0200 0300 1400 2000 0200 0200 1400 2000 0200 000

11:23

INRAE



? Flood forecasting and warning

FLASH: currently, a fully automated and deterministic system,
based on real time observations (no rainfall forecasts)
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~10,300 municipalities
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> PICS project (2018-2021)

Integrated nowcasting of flash floods P I c s
and related socio-economic impacts =
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> PICS project (2018-2021)

Integrated nowcasting of flash floods
and related socio-economic impacts

PICS

Users group % - Priorities

(municipalities, fire and = R ,.

rescue services, railway

company, insurance and
energy companies,
consultancy firms)

Case studies

v' Higher spatial resolution
v’ Probabilistic rainfall forecasts
Var v’ Real-time inundation maps

Alpes Maritimes




> Ensemble-based approaches

Provide early warnings with sufficient lead time:
forecast the location, magnitude, onset, end of events

Observation Nowcasting + NWP outputs Numerlcal weather model

Oh 2 h 4 h ~6h
PICS ﬂ-..
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> NWP-based ensemble forecasts for distributed

hydrological modelling

Main challenges in NWP-based
ensemble forecasts

2. lack of diversity
1. variable systems and forecasts (ensemble size) e
(quality, resolution, real-time => perturbations /ﬂ\f\\
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> NWP-based ensemble forecasts for distributed
hydrological modelling

Main challenges in distributed
hydrological ensemble forecasting

1. variable conditions in space and time to fit into
a (parsimonious) model conceptualisation
=> improving model versatility EIEE )

2. forecast evaluation (ungauged sites, performance measures,
detection of source of errors)
=> diagnostic verification of forecasts vs ‘details matter’

Plcs From: PhD Daniela Peredo
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> NWP-based ensemble forecasts for distributed
hydrological modelling

1. Improving hydro model versatility
GRSD: existing model
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> NWP-based ensemble forecasts for distributed
hydrological modelling

GRSDi: adapted model
1. Improving hydro model versatility

Event in winter

Outlet: 18 i0=27.05
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> NWP-based ensemble forecasts for distributed
hydrological modelling

1. Improving hydro model versatility

Modelling Unit: 15 X6 = 28.55 [mm h"] Outlet: 22
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

Radar precipitation (ANTILOPE J+1)
From 14/10/2018 Oh to 15/10/2018 23h

® River outlets
[ Modeling units
— Rivers

[ Sub-catchments

Cumulated rainfall during event
[ 0 mm

B 30 mm
= 60 mm
7 90 mm
7120 mm
[ 150 mm
[ 180 mm
[0 210 mm
0 240 mm
B 270 mm
B 300 mm
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

Le Lauquet a Greffeil (CODE : Y1225010)
Evénement du 14/10 00h au 16/10 00h, 2018

Date R 14/1072018 00 h — 2
=7 S kv | Débit Observe
Débit simulé
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Source: https://www.saint-hilaire-gude.fr/assets/uploads/2018/Retour d exp rience crue laugquet 2018 V SMAH.

Le Lauquet a Greffeil Quelques chiffres : T —— w
Volume correspondant : 4, 5 M de m3 T LR T e N 2 15/10/2016
Un débit Saint Hilaire : 650 m3/s environ ';:lllllll;::Ll:i:llll:l

Equivalent de la crue de I’Aude a Limou%
Station de Greffeil 320 m3/s

iMontee: 6men 2 H

15102018 02 55
15/10r2018 02 55

Probablement 10 men 4 H

Source: Banque HYDRO

Source: Lebouc et al. (2019) https://hal.archives-ouvertes. fr/hat02110612/document
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> NWP-based ensemble forecasts for distributed

hydrological modelling

2. Hydro forecast evaluation

Three sets of ensemble precipitation forecasts (from Météo-France/CNRM):

1.
2.
3.

passé

pe (AROME pe)

pepi (AROME pe + AROME pi)

pertDpepi (AROME pe + AROME pi + spatio-temporal perturbations)

prégent futur

45h

6h

p

AROME-PI prévision immédiate
I horaire
——-

PICS

INRAE

ensemble AROME
(16 membres)

AROME

Variable number of members

+1 +2 +3 +4 +5 +6

pe 12 12 12 12 12 12
pepi 18 17 16 15 14 13
pertDpepi | 90 &5 &0 75 70 65
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

Example of forecast issued on 15 Oct at 1h, +1h (ensemble mean)

e Exutoires Aude
[ Sous-bassins Aude
¥ —— Rivieres
- Moyenne des ensembles
[ 7 0mm
L1 3mm
1 5mm
B 8 mm
I 10 mm
[ 13 mm
[ 16 mm
i 70 18 mm

; Nl 21 mm
Moyenne pertDpepi Hll 24 mm

PhD Daniela Peredo
INRAG S cRmmans 17




> NWP-based ensemble forecasts for distributed
hydrological modelling

. Inital over-estimation combined with
2. Hydro forecast evaluation high spread masks subsequent

underestimation at the peak time

Example for a gauged site
pepi pertDpepi
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Simulated discharge: hydrological model with observed rainfall

plcs PhD Daniela Peredo
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> NWP-based ensemble forecasts for distributed
hydrological modelling

. Inital over-estimation combined with
2. Hydro forecast evaluation high spread masks subsequent

underestimation at the peak time

Example for an ungauged site
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

Lead time: +1h z ;z
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

Lead time: +2h
17 members

outlet 21

-+ 0.50"Peak sim
0.75"Peak sim
-+ 0.90"Peak sim

exceedance and timing

Impacts on anticipation of threshold
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

exceedance and timing

Impacts on anticipation of threshold
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> NWP-based ensemble forecasts for distributed
hydrological modelling

2. Hydro forecast evaluation

Lead time: +6h
13 members

outlet 21
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> Conclusion and way forward

 “Models sometimes generate more questions than it
answers”: adaptive models can be great, but still need to
maintain ‘simplicity’ (operational context)

 “It would have been a good hydro forecast if it was not
for the bad rainfall forecast”: we may not be able to live
without post-processing (focus on impact chain)

 “Hindsight is a wonderful thing but foresight is better...”
[W. Blake]: a good understanding of past events, with
more structured event-based evaluations may contribute
to better forecasts (community effort)

INRAE
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