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1. Introduction

In most cases, natural hazards encountered in @ioons regions are largely dependent on precipitati flash floods,
debris flows, landslides, rockfalls, snow avalarscand forest fires. To better understand the oeooe of these hazards and
to prevent populations from their dangers, the Kadge of rainfall quantities at high temporal amatsgl resolution is
crucial. While the rain-gauge network is not deeseugh to capture all the variability of precigias, especially in rugged
regions, radars can be very efficient. Howeveinstall them in mountains as well as to retrieva-tame useful information
remains a big challenge. To improve this radarrimftion to elaborate warning services useful fa thanagement of
natural risks is another one. Southeast of Frami@mountainous region both very exposed to nahazdrds and not well
covered by radar measurements. In this context,RiY TMME” project (Westrelin & al, 2010 ; Mériau% al, 2011)
began in 2008 with the following main aims, botbnfrresearch and operational objective:

« to provide an accurate radar rainfall informatiemountainous areas ;

« to develop a real-time hazards warning systeradas this information.

The present paper gives an overview of the maireaements of the project in mid 2012.

2. Radar network improvement

In the extreme southeast of France, a new X-bamaripetric radar (75 kW peak power, 2 microsecontsgs, 500 Hz
PRF, 1.3° beamwidth) has been installed in autufit02at Maurel mountain (alt. 1770 m) about 60 knayfvom a pre-
existing polarimetric X-band radar owned by CNRSI aperated by Novimet (Mont Vial, 1550 m). The amoof
overlapping between the two radars is large in otdenitigate attenuation and extinction of theaniasignals. There is also
some overlapping with existing S-band polarimetadar (fig. 1a). The Maurel radar is installed oadtat roof of roughly
30 nf at 7 meter height ; its antenna is protected fatrang winds and adverse meteorological conditions radome.
Below the radome, the radar electronics is ke@riradequate range of humidity and temperature tonsli The building
shelters the radar computer and a generator whipplies all the equipments with electric power gse& of electric
shutdown ; it has a four-day charge. In the MetemEe radar network (Champeaux & al, 2012), thithésfirst radar
installed at such an altitude, on a site covereth whow during several months in a year. It is dls® first X-band
polarimetric Doppler radar within this network.

In November 2012, an identical radar will be insthlat Mont Colombis (alt. 1770 m) at the top df@m height tower ; it
will cover both previous hidden areas (fig. 1a) aetk areas (fig. 1b), frequently concerned withuredthazards triggered by
rainfalls : catchment basins of Bléone, Buech, B&&srance, Ubaye, Guil.

Southeast of France is extremely rugged and higvefing above 3500 m) and prone to intense floodind to rough
mountainous hazards. Those two features are otieeafain challenges of RHYTMME that aims to bengfireal-time
from the X-band dual polarized radar data for etfeantitative precipitation estimation (QPE) protu(for example
Testud & al, 2000 ; Tabary & al, 2008 ; Tabary & 2011) and hydrometeors discrimination (snow,,hailn, ...). The
following section gives an overview of the sciemguded in the project.

! RHYTMME is a R&D project supported by the Proverdpes-Céte d’Azur Region, the European Union, Biench Ministry in charge of

Ecology, Météo-France and Irstea.
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3. Research and development on radar algorithms

Since June 2011, real-time rainfall estimates apdyced with this new radar network ; the QPE atlor is the same as the
Météo-France operational one (Tabary, 2007 ; TaRaal 2007) based on Marshall-Palmer relationsfsmg beam altitude
correction, mask correction, fixed echoes and gilatluatter filtering, multi-tilt combination, atteation correction thanks to
differential phase (with coefficients adapted tdaihd) and rain gauge calibration.

Between June 2011 and June 2012, a new QPE algoritixing reflectivity and specific differential pke (*Z-KDP”) has
been developed and is ready to be tested in maal-tiZ-Kyp uses, for moderate and high rain rates, a rektiprbetween
rain rate and specific differential phase, whichingnune to partial beam blocking. ZsKhas given promising research
results in heavy rain cases (Kabeche & al, 20%igudfas i Ventura & al, 2012). This algorithm aises a new hydrometeor
classification based on polarimetry (Al-sakka &2012).

Other works are ongoing such as the quantificaiothe effect of wet radome on rainfall estimatesagier & al, 2012) and
the development of smart ways to mix S-band andidldata in the overlapping areas.

In this mountainous region where the snow fallesgvmonths per year, it is critical to properlppess radar measurements
made in the snow region. A polarimetric algorithon fhe quantitative retrieval of snow charactecstias been tested and
evaluated against ground stations (Moreau & al220the comparison is quite encouraging.

This dense radar network is also an opportunityresieve accurate 3D wind field analyses by conmmgnDoppler
measurements in overlapping areas (Beck & Bous@04R). These radar data, both Doppler and refigctineasurements,
have shown to benefit to weather models when ctyrassimilated, especially for nowcasting rang&agrelot, 2012).

A last topic dealt within Rhytmme research progrianthe retrieval of refractivity measurements, whiequired to adapt
existing algorithm to X-band (Besson & Parent-dwtelet, 2012). Refractivity measurements at X-baredchallenging but
could also benefit to model assimilation by addmatpable information on the low level humidity fie{(Besson & al, 2012 ;
Caumont & al, 2012).

Fig. 1: Simulated coverage of the RHYTMME radar networkrmsoutheast of France. In red, quality indexeb®fadar
measurements have been represented (only indeges 848 on a scale going from 0 to 100) ; the nmatlchment basins to
be covered have been outlined in blue. Black craobark S-band radars of Météo-France operatioraionke, white and
black squares mark X-band radars. (a)The left papeksents the current coverage with Météo-Frapeeational network
plus two X-band polarimetric radars (Mont Vial adaurel) ; (b) the right panel is the same as tfteolee plus the third
radar (Mont Colombis).

Different softwares use the outputs of these nesaralgorithms to produce other informations désadti below and
potentially useful for risk management.

4. Theend-user platform and its pre-operational warning services

A first set of information is retrieved from softves that run after the radar algorithms. They #&tevo types :

-maps of rainfall cumulated over periods from 5 ubés to 3 days at one square kilometer resolution ;

-rain and flash flood hazard warning maps at theesapatial resolution, estimated by the AIGA metiiBduchier & al,
2007), reevaluated every 15 minutes with 4 sevégitgls based on return period.

These products are dedicated to warn risk mandgmrs potential danger. For this, they can be digpdain real-time by
connecting to a Web address securised with logoh @assword ; this constitutes the so-called Rhytnpa¢gform. By
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accessing to it, the user can zoom in and out, afay control animations, change the color scaleetieorological and
hydrological data, control the display of geographilayers.This platform makes also available rgeuge data
measurements. A neighbouring country, Switzerlatgh much concerned with natural hazards experigresame kind of
platform (Heil & al, 2010 ; Petzold & al, 2012).

Rhytmme platform has been tested by an end-usepdgmuNovember 2011The group is representative of mountain risk
managers and is composed of about 40 members fromer@ment agencies, Forest agencies, departmenigicits,
communes, river associations, nature reservesrahgtry (national electric power enterprise, traansportation national
society, ...). The experimenters are supposed to:

-connect as often as possible to the platform whaty events take care on their region of interest

-evaluate in real-time the relevance and ergonouofitise platform ;

-a posteriori evaluate the information in regathe observed damages.

Experimenters and hazard researchers exchangenaiion by forms that document each event.

In what follows, two recent stormy meteorologicéliations over southern Alps captured by the ptatfare described.

5. Sormy situation in the beginning of November 2011.

From the 2° to the &' of November 2011, an exceptionally long and extentheteorological event has occurred in the
southeast of France. Rhytmme platform displayeddigdical warnings indicating return periods ab®@eyears for river
flows in Manosque region. The figure 2 gives anresav of the geography and the hydrography of thgion ; the figure 3
shows a few maps the platform displayed. In pdraléecould find pieces of information on what happe on the spot by
the meaning of internet. Around 8 o’clock in theeeing on the 5 November, the Web site of a localspaper reported a
collision between a train and a car carried alonthe floods which took place in the south of Mamas
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Fig. 2: Hydrological network in Manosque region (departinef Alpes-de-Haute-Provence), labelled in red (seu
géoportail IGN).

A few days later, Irstea hydrologists visited thacp to estimate the flow of three rivers (fig.: 2he Collostre (catchment
basin of 209 ki), the Asse (catchment basin of 6812%mand the Rancure (catchment basin of 116)knihese
measurements have been compared to flow dischargéslled in the Rhytmme platform.

These terrain observations showed that only one tbeethree rivers had reached a significant fllzael : the Asse. Its peak
flow has been estimated between 400 and 5U6. Mhe AIGA method applied to flow modelling iretRhytmme platform
indicated a 50 years return period (fig. 3). Wisessassess that this flood was the third most #@apbone since last events
of October 1999 and February 1969. On the contfaryboth other rivers, the Collostre and the Raecestimated flows
were far below 2 years return period whereas mindgithdicated a 50 years return period as well.

For very close catchment basins, the performanddefplatform flood warning maps could then be exiely different.
Whereas the Asse situation has been correctly deatdly the platform, for both other basins it haet strongly
overestimated.

Similarly, in Manosque region over three ravinstlo® Durance right riverside, the platform indicaiedvs of 10 to 50 years
return period (fig. 3) whereas significant floodingly happened over the Chaffere torrent wheretrid@ collision took
place.

As a partial conclusion, we can say that tools jgie on the platform give some clues on the seesdreas where events
could occur but they need to be analyzed by peapte have a very good knowledge of the place and egmofollow the
evolution of the situation in real-time to take @ygpropriate decisions. Moreover, we have to imprihe efficiency of the
real-time flow model for the small catchments.
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Fig. 3: Maps displayed in real-time on Rhytmme platforraftlpanel: 1-day rainfall on the 05/11/2011 at 1@daltime in
Manosque Region (Southern Alps). Right panel: reperiod of river flows at 15h localtime in the samnegion. Blue sky
color indicates a return period below 2 years, dade means below 10 years and violet below 50sy€Bie red cross
indicates the place of the train collision.

6. Springthunderstormsin the end of May 2012

This mid-spring has been characterised by a ststogy activity developping in the evening in tioaithern Pre-Alps.

Two noteworthy events can be quoted:

-the 23 May around 18h local time in Digne aregéttment of Alpes-de-Haute-Provence, 40 km nort fam Manosque
(fig. 2)): the hail and the flood of a small tortém Mallemoisson made a lot of damages ;

-the 24 May in Serres (department of Hautes-Algeskm north to Manosque): a railway embankmenteslidetween Aix-
en-Provence and Gap and led to a 1-month traffie@mund 18h30 local time.

During both events, hail was observed ; on 23 Mgyto 20 cm hail thickness has been reported ar@igie in the local
newspaper ; it seems it has had a strong erositienaon sediments enhancing mudflows and lansliffessonal
communication). This hail could explain the raihfalerestimation of radars (fig 4), at least on s@pots: investigations on
radar algorithms are being led. No river (catchnieamins greater than 20 Rnhas risen a critical level in the Rhytmme
platform though, which is coherent with terrain eh&tions and which can be explained by very lsedliand short
precipitations (less than 1 hour).

7. Conclusion-Prospects

Three years after its beginning, Rhytmme projestdmne to the following achievements:

-installation of an X-band Doppler polarimetric aacht Maurel mountain (alt. 1770m) ;

-development of radar algorithms to deal with X-thaiata and correct for attenuation ;

-deployment of a first version of the platform deliing a set of real-time warning services usefulrfsk management ;
-test of this platform by an end-user group reprgeve of risk managers.

Rhytmme has gone on for two years by aiming whistied below.

The hydrological coverage of southern Alps keepextending to the north with the installation ofbdnd polarimetric
radars and the development of new algorithms, poédric ones, to better estimate crucial data asfalh amounts.
Scientific work on snowfall estimates, radar dataimilation in weather models, Doppler wind andaefivity retrieval is
also going on.

Meanwhile, Rhytmme platform will improve on theltaling aspects:

-sending e-mails, and possibly SMS, when floodimdgkes exceed certain thresholds ;

-1-hour leadtime precipitation ;

-end-user feedback ;

-more available options: higher time depth, moferimative base maps and hydrological network, ;etc.

-specific maps and services for debris flow (Berdr& al, 2012) and landslide hazards.

At project completion, an economic model should greposed to sustain the main achievements in regtrdheir
usefulness.
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Fig. 4 : Radar estimated rainfalls (in mm) over 12h on 28/M012 at 5h45 local time in the area of DignekRiixels
indicate abnormal rain quantities (above 150 mm) tlo not fit to observations ; some of these gixebut not necessary all
- correspond to the place where hail has been vbéder
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