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Abstract

Flash floods events are difficult to forecast because of their small temporal and spatial scale. Furthermore, they often
occur on urrmonitored small rivers, wiere no realtime data is available to warn people. To better anticipate these
events and mitigate their impacts, the French Ministry in charge of Ecology has launched a national FF warning
system: Vigicrues Flash. This system takes 4tgak radar-gauge minfall products at a Ikm? resolution from Métée
France and issues automatic flood warnings based on the AIGA method at smajhuged catchments (greater than
10-km?2). AIGA aims to characterize flood hazard at any point along the river network by camgalischarges in real

time produced by a simplified distributed rainfalfunoff model (GRD) to reference flood quantiles obtained using the
same model and a continuous radagauge rainfall reanalysis. Vigicrues Flash was launched in March 2017. The fiim o
this paper is to briefly present the new system and a first analysis of its performance during one exceptional large

event that occurred in June 2018.



1. Introduction

According to the United Nations Office for Disaster Risk Reductiogtwben 1995and 2015, floodshave caused

damage worth around US $662 billioand affected more than 2.3 billion people worldwide (Wallemacq et al., 2015).

Predictions for the future are also pessimistic, since they forecast that floethted impact will more than tiple by the

end of the century(Alfieri et al., 2015; Pigeon, 2002; Munich RE, 2017). In France, the risk of flooding is the main risk that
stakeholders have to deal with. More than 20 people die each year because of floods in France (Vinet et al.TR2816).

cost of floods in terms of insurance damages calculated by the CCR (the FressHFri K MJ 9 F; = ; GEHWBA&F Q06 AK 9
billion each year (Bourguignon, 2014) and it is estimated that one third of French local authorities are affected by the

risk of flooding (source : French ministry in charge of the environment).

In 2015, the Sendai Framework adopted by UN Member States defined seven global targets to reduce risk disaster in

L@= OGJD< 03,'1"01N r Ppfr oy -F= G> Lré@seihe alaihllity oflarkl ackdss texc = K; J A:
multi-@9 R9J < =9JDQ O9JFAF? KQKL=EK 9F< <AK9KL=J JAKC AF>GJEY9
two devastating events in 1999 (flooding in November and a storm in December) highlighted the lohthe available

warning system, especially the lack of understanding by the public. To answer the issue, a -hadérd,
comprehensive warning procedure was set up in 2001 by Mdteance (vigilance.meteofrance.com). To date, this

weather warning systentCF GOF 9K &4 A?AD9F; = ESLSGJGDG?AI M=A GFDQ K@GOK
but not at a smaller scale. Concerning flood warning, this can be a limitation, sitiee hazard is typically in and

around river, and not necessarily throughout the hele administrative area For this reason, in 2003, the French

Ministry in charge of the environment launched a complementary vigilance service specifically dedicated to floods:
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vigilance systems are closely connected.

In this context, he aim of this paper is to review the progress that has been made with respect to flood warnings

during these past few years, especially on unmonitored rivers thed not covered by the Vigicrues system.

First, we present how flood warning is organised in France and howmanitored rivers have recently been included in

a national flash flood warning (FF) system: Vigicrues Flash. Then, FF warnings emitted lpgthisystem are analysed,



with a special focus on the summer of 2018 which had an abundance of thunderstorm activity. Finally, the last

paragraph discusses the usefulnes$the new system and possible areas for further improvement

2. Flood warning in Francen >JGE &a44A?A; JM=KA LG a4A?A

Gauged river monitoring: the Vigicrues service

In France, 22,000 km of rivers are monitored in real time by the Ministry in charge of the Environment. This task is

carried out by the SCHAPI (the Central Service of Hydrometeorology and Flood Forecasting) which supervises 19
regional flood forecasting cetres (FFCs). FFCs collect data at river gauges intimal (around 3,000 automated

stations) and produce flood forecasts using hydrodynamic models. This process is conducted in a close cooperation

with MéteoFrance, the national weather office, which gvides meteorological data, mainly through observed and
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produced by the SCHAPI and updated twice a day or more if necessary. Their aim iigotoithe public, in a

understandable way, about a required vigilance level. The flood vigilance maps are freely accessiHireo(at the

website www.vigicrues.gouv.fy. As mentioned in the introduction,his flood vigilance is also incorporated into the
multi-hazard weather warnings issued by Météoance, which includes other hazards such as high winds,
thunderstorms, snow, avalanches, heatwaves, cold snaps and marine floodinga similar manner, four @oured
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- Red risk of a major flood with direct impact on goods and life,

- Orange: risk of flood with potential impact,

- Yellow: risk of flood with no significant damages, but requiring a particulagi¥ance,

- Green:no particular vigilance required.


http://www.vigicrues.gouv.fr/

All these levels are associated with an expected level of damage, which is often derived from past experience with
similar events. In their communication to the public, FFCs also indicate for each rived &ach level some dates of

corresponding floods that the people may remember (for instance in Paris: the flood of 1910 for the red level).

Figure 1 presents a flood vigilance map issued ¢hiNbvember 2008 at 4pm. The map shows an exceptional flood that
happened on the upstream part of the Loire River (coloured in red). Around this hot spot, other rivers were also

flooding but in a less exceptional way (coloured in orange and yellow).

Guide

Actualisation le dimanche 02 novembre 2008 a 15h57
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Figure 1: Vigicrues Floodvigilance map: example for2d November 2008 at 4pm.

It should be mentioned that flood warnings are not a forecast bulletin with expected values at different gauges and
lead times. They are neither an alert issue, dedicated to emergency services andnmaggince this decision is taken by

authorities in collaboration with the FFC). They simply inform the public about the flood situation, and what would be
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mean that a flood will happen (or not).

Flood vigilance maps are valid for the following 24 hours. For this reasdinrivers cannot be incorporated into the so
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12 hours) and/or with no automatic river station cannot be included, the information dable in real time being not

sufficient to correctly appreciate the situation for the next 24 hours. But because flood and damages can also occur on

small ungauged catchments, the Ministry in charge of the Environment decided to complement the Vigicruesee

with a new service specifically dedicated to flash floods and called Vigicrues flash (Figure 2).

An automated flash flood warning system

The Vigicrues flash service was inaugurated in March 2017, aftemar&h pilot with end-users who helped to dfine

the service. It sends automatic warnings directly to local authorities and covers around 30,000 km of river network
(Figure 2). At the start, it was decided to exclude small rivers where warnings are not currently efficient enough for
different reasms: basin area (<X®m2) and/or a response time (<Xfour) too small, radasbased rainfall
measurements with too much uncertainty, or an unadapted hydrological model (too much influence of snow, dams,
karst or ground water). The of the river already coeedrby Vigicrues were also excluded as they already benefitted
from a better service, with real time discharge observations. As a result, Vigicrues flash is potentially available to 10,165
eligible local authorities (i.e. one third of the total). But thisumber will be reevaluated each year, depending on the

progress of radar rainfall estimates and hydrological modelling.
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network (pink), source SCHAPI Marci2017

The hydrological modelling behind Vigicrues flash is based on the AIGA method that has been developed by the Irstea
national research institute over the past 15 years. AIGA aims to characterize flood hazards at any point along the river
network by omparing discharges in redime produced by the GRD model, a simplified distributed rainfaihoff

model (Javelle et al., 2010, 2014) with reference flood quantiles obtained using the same model and a continuous

radar-gauge rainfall reanalysis. The realime time input data is radargauge rainfall products at a-km?2 resolution

from MétéoFrance. The hydrological model runs at a hourly time step but is updated every fifteen minutes. Regional

calibration was done by HYDRIS during different studies for8@HAPI (Javelle et al., 2016).
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previous warning, the situation has not evolved (ie the warning level stayed the same).

The warning messages are sent by SMS, voice mails and emails to local authorities who have subscribed to the service.
The content is specific to each local authorityrd indicates which warning level has been exceeded (high or very high).

It also provides a nofpermanent internet link (valid for 48 hours) to a web site where the user can see a national map
indicating all the local authorities where a warning has beesugd in the last few hours, at 15 minute intervals. On the

site you can zoom in to each local authority, in order to see which river is concerned by the warnings. Warning
messages are also sent to the prefecture (the county council) to inform county sesvabout the situation of all the
eligible local authorities within its administrative area. This web site and the messages are not available to the public

(contrary for Vigicrues). A screen shot of the live web site is presented in Figure 3.
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Figure 3: Example of realtime maps produced by the Vigicrues Flash system (4th June 2018

at 11.15pm local time)

To receive their warnings messages, eligible local authorities have to fill a subscription form, indicating a list of phone

numbers and email addreses to be used to send the warning. This service is free, but by the end of 2018, only 1,117
local authorities had subscribed, i.e. 10% of the eligible local authorities. This low humber can be explained by the fact

that a lot of small local authorities @ not aware of Vigicrues flash, despite a communication campaign was made. The

reason is that local authorities often delegate the flood risk management to other entities, that regroup several local
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authorities (communauté de communes, syndicat de riviedrly 6 ¥ $GJ L @AK J=9KGFJ] L@= $J=F
Environment decided to make Vigicrues flash available not only for local authorities, but also for all public entities who
are potentially interested. This improvement will be operational in 2019. Matetails on the operational setip of

Vigicrues flash can be found in De Safutbin et al. (2016).

3. Case study

The summer of 2018 gives us a very good opportunity to make a first operational analysis of the Vigicrues Flash system.
Indeed, there was exgaional thunderstorm activity in France in 2018. The number of observed lightning strikes was
the highest since a redaime lightning detection network was established by Métderance, 30 years ago.

Thunderstorms produced many flash flood events that cadsconsiderable damage, specifically during the summer.

With respect to Vigicrues Flash, June 2018 was the month in which the highest number of warnings was issued since
L@= K=JNA; = DIOMF; @=<n TNBrx &4d&A?@ >D@SGAsseed hFiguteR2alile 9 F< p.
messages were issued during the first half of the month. It should be mentioned here that the study considers all

eligible local authorities, and not only those who have subscribed and then really received the messages.

In June 2018, the most intense event was observed during the night frorfi tb112" June. Over 24 hours (between

pITNRR 9F< plAaRPR6J p/IPPRR 4&A?@ >DGG<A E=ZKK9?=K 9F< pXI &4-=
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Figure 4: Number of messages potentially sent byigicrues Flash during June 2018

The map showing cumulative rainfall measured over 24 hours from MonddyJuhe 2018 at 6am CET to Tuesday'12

June 2018 at 6am CET explains this exceptional situation (Figure $QwApressure system was positioned in the
South-West of France, generating very intense precipitations moving slowly over the regions of Pays de Loire,
Normandie, Tle de France, Centre, and Champagirelennes. 2our historical records were exceeded atany rain
gauges, especially in the region around Paris. For example, 108mm was registered at Torcy, 79mm at Achéres, 75mm at

Orly. These values seen over 24 hours are what is usually recorded in 1.5 month (source:Migtée).
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Figure 5: Cumulative iafall measured by weather radar over 24 hours from Monday ldne

2018 at 6am CET to Tuesday"2Zine 2018 at 6am CET (source Métémance)
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Infrastructure was also impacted, for example the road or railway network which caused huge traffic disturbances,
especially around Paris. For instance, an important station of the regional express train line RER A (Torcy, east of Paris)
had to be closed due to flooding. On another regional line (RER B, south west of Paris), intense rainfalls damaged the

railway ballast and caused the train to derail (Figure 7).

J



13

Figure 6: Flooded area at Palaiseau, Léon Bourgeois street (photo: Guillaumel,Thistea,

12th June 2018)
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Figure 7: Derailed train (RER B) between S&temiles-Chevreuse et Courcelsur-Yvette,

12" June 2018 (photo: Guillaume Thirel, Irstea,.Rine 2018)

In order to have a first assessment of the quality of the Vigicrues flash warnings, we collected the damage reported in
the press or social networks just after the event. The methodology is described by Séamntin (2018) who carried out

similar work forthe 20112018 period in the South of France. Results are presented in Figure 8. The beige and pink
colours indicate the maximum levels of warning reached during this event (high or very high flood) for each local
authority. Dark gray indicates that the l&cD 9 ML @GJALQ <A<FAL J=9; @ L@= >AJKL
local authority is not eligible to the Vigicrues flash service. The red triangles show were actual damage was reported

and in general, the locations were were consistent witlarnings.

09J



