% [E METEO FRANCE

Toujours un temps d’avance

Overview of Standards in France for Hazard Monitoring, Databases,

Metadata and Analysis techniques to support Risk Asessment
(draft for preparing the First Technical Workshop)

FOREWORD

This paper describes France’s activities and grastin hazard monitoring, detecting, database aethdata
development, and mapping of hazard.

The first part gives an overview of the French pplio reduce risks from disasters, its main gotis,
stakeholders involved in the policy and their rol&he purpose is to show the framework in whick ris
assessment is developed and how information is rasdiable to the public. The second part definew
damaging event is classified and characterizedamnde. The following parts will focus on the natus@ather-
related hazards that constitute major risks in égaflooding, avalanche, fire forest, cyclone, staand other
meteorological phenomena.

Heat wave/cold wave and drought are particulary #ve not officially included in the major hazaist bnd they
impact the society on a longer timescale but cands#ly and/or make a lot of victims. Thus theseands will
also be described.

It will be provided the following information foraeh hazard: usual definition in France, descriptiérihe
observation network used to monitor the hazardradheristics (notably the parameters involved)haf tata
base archiving the events, types of hazard anafysismapping from the past events. The last patteades
shortly the impact of climate change into hazaralysis.
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1. THE FRENCH POLICY TO REDUCE THE RISK FROM DISASTERS

1.1.Introduction

Natural disasters (earthquakes, cyclones, etciylady cause large numbers of casualties througti@mitvorld.
Their strength and consequences are happily ne¢gere in France, however, those events that ladea place
recently (the Xynthia storm of February 2010, tb&tChristmas 1999, flooding in the Somme, Languedoc
Roussillon and Var regions, forest fires in the tBaand the explosion at the AZF factory in Toulgusieow that
in these sorts of situations human and materialadgntan be considerable. Two thirds of the 3600@scand
villages in France are at risk from at least onwunad disaster and 15,000 of them are at risk @bding, the
main hazard in France. French policy on managingpmiaazards aims to make persons and property less
exposed and less vulnerable and has three mais:goal

= to prevent damage, reduce its impact;

= toinform citizens in order for them to play a parthis management;

= to manage crises and disasters effectively whendheur.

Planning taking account of hazards is necessaal lvels of government and local authority desmsimaking.
France’s experience in the areas of understandidgeeventing hazards and in the management ddtdisahas
allowed it, for a number of years now, to considerumber of ways in which it can cooperate intéonatly in
order to respond to requests for support and melp foreign partners.

Hazard symbols: preventative information pictograms

©® © & 9 ® ® o B @

Information point refuge sign slow risimg water landslides nuclear Installation transport of downstream selsmic activity wvolcanic activity
fast rising water dangerous from a
substances damflood barrler

O ©@ o @ ® & © 0 @

care needed shelter sign  flooding from the sea  forest fires cyclone Industrial activity  earth movements underground avalanche
caused by drought  cavitles marl pit heavy snow

Download at www.prim.net

An event that is potentially a dangerous eventrity @ major hazard if it occurs in an area wherenn,
economic, environmental or cultural stakes areqmies

Major hazards have two main criteria:
= infrequency: because they do not happen very sfberety is more inclined to ignore them;
= serious consequences: large numbers of victinggacale damage to property and the environment.

In a general way, a major hazard is characterigeldige numbers of victims, a high cost in termsraterial
damage and impact on the environment - it is valbiity that measures its consequences. A majoardaiz
therefore the combination of an unexpected eveshtbamajor stake. For example, an earthquake imttdle of
the desert is not a hazard, but an earthquakerirF&mcisco is a major hazard. Society as welhasrdividual
needs to organise to cope. A scale showing theussress of damage has been drawn up by the Mirmatry
Sustainable Development. The table below classifetaral events into 6 main categories, from aidemt to a
major disaster.
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Levels of seriousness of damage

Category Human damage Material damage
Incident No injuries Less than €0.3M
Accident 1 or more injured Between €0.3 and £3M
Serious accident 1 to 9 deaths Between €3 and €30M
Very serious accident 10 to 99 deaths Between €30 and €300M
Disaster 100 to 999 deaths Between €300 and £3,000M
Major disaster 1000 dead or more €3,000M or more

Source : Special environmental inspection missioai (L999)

Eight major natural hazards are identified in Fean@ioods, earthquakes, volcanic eruptions, laddsli
avalanches, forest fires, hurricanes and stormsir Faajor technological risks from human activitiase
considered: the nuclear risk, the industrial rible risk of transportation of dangerous substaacésthe risk of
dam failure.

1.2. The seven pillars of French prevention policy

1.2.1. Knowledge of phenomena, hazards and the risks

Greater knowledge of hazards posed leads to arhetteerstanding of the consequences of phenomeaharan
appropriate response can therefore be made, ontakes account of the level of vulnerability oéthrea under
consideration:
= understanding past events, using historical rebeand the drawing up of data bases of events and of
sites, such as, for example the data base of sab&an cavities, the list of floods, the atlas i&faa
liable to flood, the standing enquiry into avala@shthe map of avalanche phenomena or the forest fi
data base;
= the various arms of the State, the French metegiaabservice, large numbers of French and European
laboratories undertaking research that tries toetstdnd the way these phenomena operate and to
anticipate their behaviour whether it is earthqsakéorest fires, hazards involving water or
technological hazards;
= using technical studies to enable the preparatfomaps to show the extent and intensity of these
phenomena. Studies that will sometimes enable ineghenomena to be foreseen, hours or even
minutes before they occur. It is vital that theseaa of research are developed and that all of this
knowledge is made available to the greatest nunibgrarticular using the Internet, or in coopenatio
with other bodies.

1.2.2. Monitoring

Monitoring means people can be alerted to a dangjeg efficient methods that suit each type of gmeanon.

Meteorological monitoring, for example, is one esise part of the measures for forecasting storamsjanches
or forest fires. Geophysical monitoring is alsoweseful in certain geographical areas. Water mooinig) is

essential for forecasting flooding. Large-scaldrearovements, volcanic phenomena are, also, mecitayund
the clock.

1.2.3. Safety information and public education

The law of 22 July 1987established the right of citizens to be informédhe major risks to which they are
subjected to all or part of the territory, as wadl safeguards that concern. This part of the lawineguded in
Article L125.2 of the Environmental CodeThe citizen needs to be the main actor in his eafety and that of
his family. In France, there are a number of eamilgessible ways available to make this happen.
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Established under the authority of the prefect,Rpartmental File for Major Risks (DDRM) identiat for a
department all major risks lgommunelt explains the phenomena and presents the saféguoeasures. From
the DDRM, the prefect shall inform the mayor of theks in hiscommung using maps at 1: 25 000 and
describes the nature of risks, historical eventd anplemented state measures. The mayor develops a
Communal Informative Document on Major Risks (DI&RI This document presents prevention measure and
specific measures taken pursuant to the policeoatyhof mayor. The DICRIM may be accompanied by
communication and a poster campaign. In municiealiaffected by a structure subject to an Emergé&iayp
(PPI), an information campaign must be performeggbal is to promote the risks and safety preoastiThese
campaigns must be renewed at least once everyrS.yea

Information on major hazards and their consequericespeople, their property and the environment are
available at council offices in every town and agié and, often, on the internet. These documests gile
information on safety measures that have beemppiaice to limit the effects of an event.
= The Ministry of Sustainable Development websitetfar prevention of major hazards can be viewed on
www.prim.net. It makes available to everyone complete files arahds, the information available, the
state of the major hazards in each French lochlosity area, the list of declarations of natutedasters
and, on the Cartorisques Interface, a map of evamisplans for the prevention of natural disasters
(PPRn).
= Information for citizens also includes keeping alimemories of past events. Since 2003, to remind
people of how high floods can reach, the implemeriaf standardised markers showing the height of
floods and the maintenance of those already inepleas been mandatory for all authorities where
floods have occurred.
= Since 2006, the law requires information on a pasei or tenant of any property, whether built ar no
situated in an unsafe area and/or within the pgamef a plan for the prevention of natural or
technological hazards, to be made available.
= Specific information on technological hazards soaihade available to citizens.

Under Article 13 of the European Directive Seveso Jllowners of upper tier sites classified Seveso with
constraints are obliged to provide information floe local population. Although coordinated by that& the
production of this information is entirely financeg the generator of the hazard and should beste@every
five years.

The Law of 30 July 2003 strengthened the provision of safety informatiard acreated different local,
departmental and national coordinating bodies.atomal level, the Advisory Board on the PreventidéiMajor
Natural Hazards (COPRNM) is in charge of givingiadvand making suggestions for the prevention tdnah
hazards. It includes elected representatives, Sémtéces, experts, etc. Since 2004, making schidien aware

of major hazards is officially part of the Educaticode. It is part of the curriculum in both primaand
secondary schools and is tested. As part of thesunes agreed in the International Strategy for $d¢sa
Reduction (SIPC-ISDR), a body created by the URGA0, each second Wednesday in October is devoted t
various local awareness initiatives.

1.2.4. Taking into account risks in spatial planning aitg development

In order to reduce damage from natural disastenetis a need to control the planning of the nhtuahitat and
rural spaces and to safeguard the developmentagiidrurban environments. The plans for the presandf
foreseeable natural hazards (PPRn) aim to avoith@ease of challenges faced in areas at risk andduce
vulnerability in those areas that are already udrarironments.

After a public enquiry and approval from the Préféitce PPRn is declared to be of public utility an@nnexed
to the Local Development Framework (PLU) which taadapt to it. From then on, planning decisiongehia
take into account these documents whose provigiamnis above all other considerations. The same mesasu
apply to technological and mining hazards (PPRY).

1.2.5. Mitigation

The goal of mitigation is to reduce damage by rauyeither intensity of certain events - floodimgudslides,
avalanches etc. or vulnerability to the risk - hemeommercial and industrial buildings, historic maments,
tourist sites, telecommunications networks, wagkagtricity and communication systems etc.
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Above all, mitigation requires all persons concerte be trained - architects, civil engineers, emteneurs etc.
in the areas of design and planning for climate geological phenomena as well as the building aouris.
Insurance cover for disasters is included in Dantagéomes and is guaranteed by the State.

1.2.6. Preparing for crisis

Public bodies have a duty to organise all necessaisty measures. Organising this requires a bathskaring
of competences between the State and local au#rihen a rescue organisation is of a certam @izs of a
certain type, in eachépartementdefence or maritime area, it becomes a part @fGlvil Defence Response
(Law on the modernisation of Civil Defence of 13 Augst 2004.

The organisation of a Civil Defence Response (ORSEC

This response, on the orders of the Prefect, daieengiven the hazards that exist in tépartementthe
general organisation of any rescue and draws igi aflall the public and private bodies able todeployed. It
will include all general measures applicable incaitumstances and others that are roper to spedéntifiable
hazards. The measures in the ORSEC plans alsapattidhose measures that need to be taken anddbee
plans to be implemented to counter threats fromiquéar hazards or that are linked to the existeand
operation of specific installations and works. Sgledéntervention Plans (PPI) particularly for thosges
classified as Seveso, hydroelectric dams and nusies might also be drawn up.

Local Disaster Plan (PCS)

Within his area the Mayor is responsible for pravid a first response. A Local Disaster Plan (PCS) i
mandatory in local authority areas where there Rlan for the Prevention of Foreseeable Naturabhféess
(PPRn) that has been approved, or where it falleimvian area where there is a particular intereengilan. If
there is a disaster it will list the means ava#atd a local authority for use alongside other bsdntervening,
rescue services, charities etc.

Particular Safeguarding Plan (PPMS)

In educational institutions that might be exposeane or more major hazard, the head of the estabént is
obliged to draw up, in the name of (and in coopenatvith the local mayor and the rescue serviceBadicular
Safeguarding Plan (PPMS). This plan should take etcount each of the major hazards to which the
establishment might be exposed. Regular simulati@ncises should then take place.

1.2.7. Feedback

Insurance

In spite of all the means of prevention and intatia that exist, the damage and injury caused bgtaral or
technological disaster, or even a hail storm cawdsg important. It is therefore advisable, anéoftequired, to
anticipate the economical risk by using insurarfé®nce has organized a pooling of insurance thagrso
damage caused by natural disasters: compensatiornicfons of natural disasters is based on theqiple of
sharing between all insured citizens and the astabent of a State guarantdeafv No. 82-600 of 13 July
1982 as amended, relating to compensation for victiofisnatural disastersArticle L 125-1 of the
Insurance Codg. The CAT-NAT compensation fund is financed byuackarge of 12% on policies applicable
to homes and 6% of those vehicles.

The state of CAT-NAT, giving right to compensatiomust be evidenced by a ministerial decree of the
Ministries of Interior and Economy that determiriee date and location of the disaster and the @attithe
resulting damage covered by the State guarantee.

Public goods are not covered by insurance. Statdamal governments must finance the reconstruaiiamepair
of infrastructure (roads, bridges, utilities) damdg@r destroyed by a natural disaster.

After crisis analysis

After the crisis is the time for analysis. Everyjtural disaster and each technological accident méaoking
again at practices and certainties. At nationakllem France, the Department of Ecology, Sustamabl
development, Transport and Housing has the staff @aganizational structure to analyze this feedpack
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examine what went wrong and to find out how to txehe conditions necessary for the lesseningisen the
future .

Some post disaster review reports are accessiti¢t@t/portail.documentation.developpement-durajaev.fr

1.3. The main stakeholders involved in French prevention

The prevention of major risks is an activity thawvdlves several ministries, local authorities aratious
agencies. The table below outlines the main stdkehs

The French public system of major natural and teldgical risk management covers different levelg@gision
and intervention.

1.3.1. At the national level

Three ministries are involved mainly:

= Ministry of Sustainable Development for the pulsigk prevention and safety information;
= Ministry of Interior for planning and crisis managent;
=  Ministry of Economy supervises the insurance seicteharge of compensation in case of disaster.

Beyond these three key ministries, the MinistriésResearch, Food, Health, Foreign Affairs and Nwtlo
Education contribute in their areas of expertis¢hto prevention of disaster risks. The General @imte for
Risk Prevention (DGPR) of the Ministry of SustailmalDevelopment, headed by the Chief of major risks
includes four services:

= the Service of technological risks;

= the Service of the prevention of nuisances anditgual
environment;

= the Service of natural and water hazards;

= the Office of General Affairs and Information Syste

The Ministry of Sustainable Development implemeatgions in the legislative, regulatory, technicalda
organizational domains to improve on the one hanelyention and risk reduction at source, on thermktiand,
information and protection for the citizens. Itascomplex program with technical, economic and laguy
stakes that are crucial for the State, the locHiaities, the industry and the public. The direate of the Civil
Protection Department of the Interior prepares anglements emergency measures that are necessary to
population safeguard at the national level. ltedior is a member of the executive committee ofNa&onal
Council of Civil Security. The need for a coheremd transverse approach combining administratiomis w
different organizations has led the State to imglehthe Interministerial Crisis Centre within thenidtry of the
Interior. This center is responsible for organizimgjor disaster relief and supporting the operatigystem
under the authority of the Prefect in each depantnighis center replaces, since February 20100erational
Centre of Interministerial Crisis Management (COLID addition, the Advisory Board for the prevemtiof
major natural hazards (COPRNM), created on 30 Aud603, gather parliamentarians, local elected
representatives and qualified experts to enrictiitnking of policy makers.

1.3.2. At the defense area level

The zonal operational center (COZ) has the samiirfesaas the interministerial crisis center in eathhe
defense areas of the national territory.

1.3.3. At the local level

Risk management is the responsibility of the maymu the prefect of the department, but the loctiaities
play a greater role in prevention.
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What ?

Who ?

How ?

Hazard knowledge

Ministry of Sustainable
Development
Ministry of Agriculture (Forestry)

Funding of scientific and technical
studies

D

Al

Monitoring Ministry of Sustainable Area equipment with means
Development for monitoring flooding, volcanism,
Ministry of Agriculture large ground movements, earthquakes
Ministry of the Interior tsunamis
Ministry of Research
Information Ministry of Sustainable The prefect established the DDRM with
Development funding from the Ministry of Sustainabl
Ministry of the Interior Development, the DDRM.
mayor The Mayor establishes the DICRIM. Th
Ministry of Sustainable Development
disseminates information at the nationa
level via the internet.
Education Ministry of Education Inscription in secondary and high scho

Ministry of Sustainable
Development
Ministry of Research

programs

1=

Taking into account
risk when planning

Ministry of Sustainable
Development

Establishment of risk prevention plans
(PPR)

Compliance with national regulations
on seismic risk prevention (seismic
zoning, resistant construction rules)
monitoring compliance with the rules

Mitigation

Ministry of Sustainable
Development

Training of professionals (architects,
engineers, artisans)

Preparing for crisis

Ministry of the Interior
mayor

According to the scale, the civil
protection services
or the mayor prepare for the crisis

Feedback

Participants in the preparation of
disaster plans

Post disaster review

Crisis management

Ministry of the Interior (prefect)
mayor
General Council (firefighters)

Mobilization of resources (staff,
utilities, possibly armed forces)

Compensation

Commission of natural disaster
(Ministry of Economy, Ministry of
Sustainable Development, Caisse
Centrale de Réassurance)

For CAT-NAT events,
Insurances implement a special
procedure for compensation

1.4. The National Observatory of Natural Hazards (ONRN)

The National Observatory for Natural Hazards (ONRKject was born from the shared vision of inssiréne
Central Reinsurance Company (CCR) and the Stage 2810 Xynthia storm. It took shape with the iatitin
for proposals held by the Advisory Board for thewmtion of Major Natural Hazards (COPRNM).

On the 3rd of May 2012, the Ministry of Sustainablevelopment (MEDDE), the CCR and the Associatibn o
French Insurance Undertakings for Natural Risk Kieolge and Reduction (Mission des sociétés d’'assasan
pour la connaissance et la prévention des Risquagsr®s - MRN, an association created by the FFS8& a
GEMA), signed a partnership agreement founding\tigonal Observatory for Natural Hazards (ONRN).

The ONRN shall progressively provide access tosrate key information useful to the activities aetision
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making processes of stakeholders involved in rigkntion in the following fields:
= hazards and associated zoning maps,
= assets at risk, vulnerability and resilience aical level,
= loss records and lessons learnt,
= stakeholders and their projects,
= public risk prevention programmes and procedures.

The ONRN websitevgww.onrn.fi) provides access to the following three services:
= A directory of stakeholders with specialist knowdedof natural hazards and their management and
prevention.
= Alist of existing public risk map and tabular dadaes generated by data producers
= ONRN indicators that provide new knowledge on rethazards.

The ONRN indicators, accessible through a cartdgcaol for consulting, downloading and/or reusiogver:
= damages to goods subject to compensation betweéHER2®1 0,
= the economic or human assets involved in flooding,
= the progress made in the implementation of pregantieasures.

There are presently 16 socio economic indicatoadae. (http://www.onrn.fr/technigue/indicateurs-ohrn
The scope covered by these indicators shall bergseiyely extended, and in particular to all hagard

The website also proposes:
= Documentation for consulting ONRN publications or performing a search within one of the
document bases of the Ministry of Sustainable Diwvaent (approximately 6,000 documents on the
topic of natural hazards).
= Atoolbox comprised of documents available for dimad, providing general information on risk
prevention, regulations and insurance.
= A glossary of the most frequently used terms.

1.5.The Aided Management of Administrative Procedures elated to natural and
technological hazards (GASPAR)

The Gaspar applicatiomtfp://macommune.prim.net/gasgaof the Directorate General for Risk Prevention is
the backbone of its information system on natuaaldnds.

The Gaspar base, updated directly by departemsstates, collects information on the documents for
preventive information or with regulatory scope éachcommune
= natural PPR and technological PPR
= Procedures like “ recognition of the state of naltdisaster (CAT-NAT)”
= Preventive information documents:
TIM: Information Transmission file to the Mayor
o DICRIM: Communal background document for populagi@m major hazards
o PCS: Communal Safeguard Plan
0 AZI: Atlas of floodplains

o

The data from the GASPAR base are disseminateevieral ways:

= Direct download of the base in the Microsoft Acce8680 format. This database is updated daily from
the internal system in the Ministry.

= Direct view of database information, classifiedd®partment. This database is updated monthly or
after each period of recognition of the state d@tiral disaster.

= Download of information from the database in textiat, classified by region. This database is
updated monthly or after each period of recognitibthe state of natural disaster.
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2. METHODOLOGY OF CLASSIFICATION OF DAMAGING EVENTS

Every year, the Ministry of Sustainable Developnmaumblishes a report on main damaging events indéramd

in the world. The purpose of this document is tfoim the greatest number of institutional servieesl
operators on the one hand, and the general publithe other hand, about the nature, impact and brie
observations that can be made of these events.

2.1. Definition of a natural event

Damaging natural phenomena are natural eventscthege damage to people, property and natural afeas.
natural event can be associated with one or moeaghena. Its identification is based on three dude of
decreasing importance: the type of associated phenon (or phenomena), the period when the eveniric;
the event's spatial extent. The detailed typoldgyh@nomenon is given in annex 1.

2.2.  The type of phenomenon

Two separate phenomena (earthquake and flood xEmmele) lead us to identify two separate eventenda¥
some criteria, such as the date and place, arsaime. However, when the "separate” damaging phamme
(cyclone, landslide, flooding, for example) are mected, that is, when they occur in the same gebgral area
and during the same period, and one can be comsidbe consequence of the other, a single natuealtés
identified and put in the category mditural phenomenon that generates a typologyyclone/hurricane, storm,
etc. Possible examples include the storms on Deeefth 1999, December 27 and 28, 1999 and Noveftwer
11, 1982, Hurricanéennyfrom November 17 to 19, 1999 and Cycldd&a from January 22 to 23, 2002.
When phenomena are "separate” but belong to the satagory (flooding due to a rise in the wateeleand
run-off flooding and mudslide, for example), thaelifization will focus only on the initial phenomemeategory
(here: 1.1when they occur at the same time and in the sameggle (same period and consistent spatial extent
compared with the climatic context observed). Tiheds of December 16 to 19, 1997 are thus congiderde
related to a rise in the water level, run-off anddsiide.

2.3.  The period of the event's occurrence

If the types are the same, the next thing to loblks dhe occurrence "envelope period". If the eapek are
separate, they are separate events. However, lwkeznizelopes are close together (one to two days)apnd

if — and only if - phenomena of the same naturecffarge weakly scatteredareas (at least 10 towns or 100
km?), they are considered a single event.

2.4.  The spatial extent of the event

This involves floods, earthquakes, differentiatleetent and atmospheric phenomena. When the samdeoki
damaging phenomena occur at the same time or abimosttaneously (the same or almost the same epeglo
but overwidely scattered areas, they are considered separate events. Amptexeas flooding caused by
widespread storms, regardless of whether they ayaned (squall lines),that sometimes affect vwsigely
scattered areas during the same period (24 hours).

3. FLOODING HAZARD

3.1. Definition

Flooding is a fast or slow flood of an area usually of the water. The flooding hazard is the restltwo
components:
=  Water can come out of its usual flow bed;
= Man has built in the path of water (establishmenibwildings, facilities and activities in the alliav
space).

3 main types of flooding are defined in France sih892.
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The slow rise of water in lowland regions

a) Flooding of plains
The flood occurs when the river comes slowly ouitsfriverbed and floods the lowland for a relalyiong
period. The river occupies the average bed ane8oras the major bed.

b) Flooding by rising natural water tables

When the land is saturated with water, sometimesvditer comes to the surface and a spontaneousdhours.
This phenomenon concerns particularly low or poahigined lands. Because of its slow dynamics, kbedf
may last several weeks.

The rapid formation of torrential flow

When heavy rainfalls, such as strong showers, ootura whole watershed, the water runs quickly and
concentrates in the river, causing flash floodse Tiker carries large amounts of sediment andifigabbjects
(dead wood, etc..), which leads to strong bed enoand deposition of transported material. Theseform log
jams, which, if they come to break, release a hilegally wave.

Stormwater runoff

The soil sealing by facilities (buildings, parkirgfc..) and cultural practices limit the infiltrati of rainfall, so
the runoff increases. This often causes congesiwh discharge of rainwater drainage network. Itseau
important and rapid water flows in the streets.

Flooding also include coastal flooding which isafie and will be developed in the next chapter.

3.2. Monitoring and Observation Data Archival

Observation from rivers in France can be retriewdthe data base HYDRQttp://www.hydro.eaufrance.j/

HYDRO stores the measurements of water level (aabi time steps) from 3500 measuring stationsMath
2,400 are currently in service) located on Freriebrs and allows access to station meta data (gergarecise
location, measure quality, history, available datdYy DRO calculated for a given station the instaetsus,
daily, monthly flow rate from the values of waterpth and calibration curves (relationship betwdenwater
height and flow rate). HYDRO provides at any tifl@wv rates as accurate as possible based on test lat
updated information.

Data are mainly provided by state offices, regimffices of Environment, flood forecasting sendcésPC),
departmental directorates of agriculture and foyesvater agencies, but also Electricité de Frafi€2F) or
research organization (IRSTEA, universities, .a3, well as regional planning companies (la Compagni
nationale du Rhoéne or la Société du canal de Poevéor example). These data producers install roong
stations in the river, ensure maintenance, colied validate and possibly correct data, and fueldéita base.
They also establish for their station the calitmatturves that are included in the database.

The Central Hydrometeorological Service and Suppmflood Forecasting (SCHAPI) located in Toulouse,
the HYDRO data base administrator and manages déhdces associated with HYDRO. It also provides
developments. SCHAPI is also responsible for ril@rding forecast by using meteorological data tspuom
Météo-France. Warnings are disseminated througiyida¥ice flood system covering waterways.

3.3.Hazard Analysis

3.3.1. The Atlas of Floodplains (AZI)

The State conducts technical studies that, withmaiting opposable value to third parties, are datsed®
necessary for the consideration of risks in plagrnd development. The AZI is under no regulatexy, tbut is
one of the main types of comprehensive study caeduy the State in a basin at risks. It aims émiy all the
available knowledge on floods and flood zones.
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The Circular of the Ministry of Ecology and Sustainable Development, dated November 4, 2008versees
the process of establishing Atlas of floodplainZ(\recalling that the principles set out in ttiecular of 24
January 1994 and 22 March 1995hall be applied:

= Knowledge of flood risk is a prerequisite for argfian;

= The establishment of a flood mapping is a priority;

= The most comprehensive information possible tacttizens of the existence of departmental atlas
floodplains (Adzi) is to be taken.

The AZI also take into account other factors:
= Flood risk areas by the accumulation of runoff @rpagricultural or natural);
= Natural or anthropogenic factors likely to influenthe operation of the hydraulic rivers (dams,
embankments, thresholds, vegetated areas ...)
= Some issues in a flood zone (buildings, campgroundls

The Ministry of Infrastructure and the Ministry Bhvironment and Sustainable Development have chtigen
hydrogeomorphological method as the reference rdetbalevelop the floodplain atlas. The reliabildfy this
approach has been validated during extreme floAddd,1999, Gard 2002). This methodology allows eéing
the limits of flood zones by combining a geomorpigidal approach (photo interpretation, field invgetions
...) and the analysis of historical floods.

That method does not require a mathematical maddhel.boundaries of floodplains given by this methoel not
related to a specific return period flood. Howewery provide the natural physical limits of theldi of flood

storage. This method considers the following d&éns:

- Minor bed: fully inundated by an annual or bieairiiood,;

- Average bed: inundated during floods with a netoeriod from 2 to 10 years;

- Major and exceptional bed: flooded by the moese & exceptional floods;

- floodplain limit: maximum flood envelope (= floorbne as geomorphologically defined). It may béegit
precise and placed with great accuracy (steep banksaccurate (low-slope banks).

This method allows to map uniformly over a wholetevahed, the floodplain limits and also all natuval
artificial elements that can play a role in theeriflow during a flood. It also included the limitsached by the
major historical known floods.

= anCTnE

= wﬂaﬁ" =
= =
g b =" Terrassa

Limons de crues ;‘.s Tal
33 Alluvions gablo-graveleuses de plaine alluviale moderne ialug
SE% Alluvions sablo-graveleuses de terrasse ancienne

L1 - Lit minaur T1 - Limite des crues non débordantes
L2 - Lit mayen T2 - Limite du champ d'inondation des crues fréquentes
L3 - Lit majeur T3 - Limite du champ d'inondation des crues exceptionnellies

Figure 1 Scheme of the different river bed limits

AZls contributes to the right of citizens to bedmhed of the major risks established by tH&5.2 article of
the Environmental Code.
2 types of mapping are produced:
= Mapping of floodability at 1:25 000 covering the olé linear of studied streams and intended to
inform the general public;
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= Mapping of floodability at 1:10 000 covering spécibectors with high stakes and intended to an

audience of professionals and expert techniciarsiftisk;

All map information are organized in a Geographimtmation System (GIS) and permanently updated.
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Figure 3 Floodability map example at 1:10 000 extreted from the AZI of the département of Tarn
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3.3.2. The extreme rainfall website

The extreme rainfall websitepl(iesextremes.meteo).fidentifies the most significant 24 hour and 48iho
rainfall episodes having occurred in France. Thal ¢®to know the frequency of extreme rainfall etgefor
approaching flood risks. The database covers tHe&958-2012. It is updated annually.

The site was developed with the support from thaistiiy of Sustainable Development / General Dirgatt for
Risk Prevention.

The analysis of extreme rainfall episodes is basedaily precipitation values extracted from thieneltological
data base of Météo France (BDCLIM). Only precipitatvalues over 60 mmm/1 day or 80 mm/2days are
considered.

2 techniques may allow to reach the main goal:
= the assessment of return periods
= the chronological inventory

Even if the site describes the different methodedusat Météo-France to assess return periods
(http://pluiesextremes.meteo.fr/phenomenes-extreshelshees-de-retour_r23.hijmit shows only a few maps
of return period. The chronological inventory wasfprred to support the goal of assessing riskstdueavy
rainfall.

Hauteurs de precipitations en 1 jour
de durée de retour centennale

METEO B

FRANCE G
Figure 4 Centennial return period 1-day rainfall heaght map for France mainland. Red spots are the
rainfall gauges used to calculate these heights.

Titre du document : Référence* :
Auteur : Quoc-Phi DUONG Version* : draft

Page 15 sur 49



@ 'j METEO FRANCE

Toujours un temps d’avance

The site gives access to the following informatiemugh search engines.

Historical inventory of rainfall episodes

The user can filter episodes by specifying the malispatial extent of the episode, the area toobearned. He
has access to cumulative rainfall maps for eacboelei Those maps are created using the open ssofteare
(under GPL license) Generic Mapping Tools (G.M.T).

All days where a daily (from 6H UTC to 6 h UTC) pigitation value for at least one measurementaidatias
been above 100 mm have been mapped (around 165).rkap departments located out of the Mediterranea
area, episodes with a 2-day cumulative rainfallesigp to 120 mm have been mapped (around 670 maps).
départementsvithin the Mediterranean area, where intense andhde rainfall episodes often occur, episodes
with more than 100 mm/day during 2 to 4 days orstimaedépartemenhave also been mapped (230 maps).

Haureur des précipitadons (mm]}

B A

S A o

A ai g

I- 150km -]

MEN €

Edité le : 27/02/2012

Figure 5 Map of 4-day cumulative rainfall from 2 Od¢ 2011 6h UTC to 6 Oct 2011 6h UTC

Memorable events

250 memorable events are mapped and documente@ddttional information:
= Detailed comments on the events
= Radar animation
= Cumulative rainfall animation
= Documents from media
= Post disaster review documents for exceptional tsven
= Hourly rainfall graphics
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The memorable events include events prior to 1868purse not as comprehensively and accuratdiyeamost
recent ones. The oldest archived event occurréd 6.

Statistics
The user has access to numerous statistics antlbsecords under map or table forms.
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Figure 6 Map showing the number of observed episodghat have made more than 80, 100, 150 or 200 mm
in a climatological day on at least one measurememgoint per department over the last 50 years. On
France mainland, almost all but five departments hae experienced at least one episode of more than010
mm in one day.

3.3.3. Sensitivity maps to rising natural water tables

The BRGM is the service responsible for monitonrajural water tables. It makes available to psifemals
and the general public sensitivity maps to risingtural water tables through the website:
www.inondationsnappes.fr
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Figure 7 Map of sensibility to rising natural water tables for Paris and vicinity (from
http://www.inondationsnappes.fr).
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3.4. Preliminary Flood Risk Assessment (PFRA)

3.4.1. The National Flood risk management policy

Faced with the catastrophic consequences of fleodSurope in recent decades, the European Commissio
responded in 2007 by adopting a directive on theessment and management of flood risReective
2007/60/EC). This directive defines a working method to eepahteas exposed to flood risks to reduce their
impact on human health, the environment, cultuealthge and economic activity. In this context,lipmaary
flood risk assessments or PFRA were conducted il 2§y government departments in each of the 14 rive
basin districts (District: unit of management inged at European level for the application of thater
framework directive and used for the applicationihaf flood directive. A river basin district is tegquivalent of

a large river basin or group of basins).

When the European directive was transposed intodireaw (National Commitment to the Environment Act
(known as LENE) of 12 July 2010)the Government and Parliament wished to go furtineg define a national
strategy for managing flood risks. This should eimprecise, consistent guidelines for identifyprgrities for
action and allocating resources across the whalatop This involves first producing a national essment of
flood risks based on a synthesis of local datafandsing also on events of national importanceintahnto
account significant floods that have occurred i plast and are likely to recur. This preliminargessment of
flood risks at a national level provides a completel standardized image of current exposure inderafhe
PFRA method includes two stages. The first stagelwes defining potentially flood prone areas or
Approximated Envelope for Potential Floods (EAIP)jvo kinds of areas have been defined: those sulge
flooding by overflowing rivers; and those subjextcbastal flood risks. Potential effects of climatenge are
not taken into account for flooding by overflowirigers, because there is no clear tendency yethieytare for
coastal flooding by considering a potential rises@a levels of a meter by 2100. The second stageves
identifying the issues at stake in these areas ifigians evaluating the potential adverse consegs@f@ flood
using indicators based on the impact on human thdattusing, economic activity, the environment antiural
heritage (e.g. numbers of inhabitants, jobs, hakpitirea of built heritage etc.). For the firetdj the risk of
flooding is considered through the prism of whattistake rather than just the chances of a flesdring.

The first preliminary risk assessment on a natistale presented here should provide better knosled
enable better action. Once shared, knowledge ofiths places responsibilities on each actor andesat
possible to focus action where the scope for pssya@pears greatest.

3.4.2. The Approximated Envelope for Potential Floods (BAI

The main goal of the EAIP is to assess the corabaxtreme events by using all preexisting inforora{AZI,
hazard maps from PPR, etc...) and by completing adidiitional studies (geology and topography analpses
example).

Two types of EAIP have been developed for the wiaolentry:
= EAIPce for flooding by overflowing rivers,
= EAIPsm for coastal flooding (excluding tsunamis agileat of the coast line)

In both cases, the effect of hydraulic structudsn{s and dykes) is not taken into account, thectstres are
considered transparent, as they actually are ftreere events. Thus these two EAIP also include npiate
floods by dyke failure, but not envelopes fromaofling wave related to a dam failure.

Moreover, EAIP provide envelopes for potential fled areas by extreme events, but they do not duaiéir
intensity, i.e. their destructive capacity, noritleequency.

Taking into account these limitations, the EAIPggthe most complete and homogeneous informati@ssess
at the basin scale and nationally, the consequesfgestential extreme floods. The scale of the miapsferior
to 1:100 000.
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Figure 8 Approximated Envelope for Potential Flooddor the Seine-Normandie basin

3.4.3. Identification of the issues at stake

Once EAIP are defined, risk assessment requiresitifiging the potential negative consequences of the
occurrence of flooding to human health, environmenitural heritage and economic activity. To emsur
homogeneity of the analysis, a common core of aidis at the national level has been set. The dtolis are
based on the available databases at the natiowl (most indicators are calculated from the daiebBD
TOPO ® from IGN).

The national PFRA evaluates the potential negativesequences of a flood using six impact indicators
Population (permanent residents), number of hdspitaimber of jobs, area of single storey housarga of
construction (and proportion of business buildingsga of notable built heritage exposed.

The "population” indicator represents the majonéssat stake (economic, cultural etc.) due to timeentration
of the population and thus of activity.

The limits of the assessment

The standardized approach of the PFRA method iglyitleads to simplifications and approximationseT
presence of an issue at stake in the EAIP doemetassarily mean it is vulnerable or that it wdlvh negative
consequences if flooding occurs. Neither does tethod allow the importance of these consequencethieo
indirect effects of the flooding, to be evaluat&dch issue is thus dealt with in exactly the sarag,wand the
potential seriousness of flood impacts is simpldwteed from the number of issues concerned. Fintiig,

assessment takes no account of the effects ofoliwy in place up to now.

Another limit is that the population indicator imlted to permanent residents and does not takeaic¢ount the
population fluctuation due to tourisrm the tourist season, the population may tempoiacyease in coastal
communities, but also in mountainous area.
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Figure 9 Map of population living permanently in the "river flood" EAIP
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Figure 10 Map of population living permanently in the "coastal flood" EAIP

3.4.4. Implementation of a data base on historical floods

The first preliminary risk assessment has idemtitiy the end of 2011 (end of EPRI milestone) aroR0@0
floods of different types including 300 remarkableents thanks to a documentary investigation ohiees of
State offices. Based upon this, a Data Base orotitial Floods (BDHI), covering mainland and ovessea
territories, is being developed by the DGPR. Docusi@n major floods are reviewed and synthesizethab
each major flood in the BDHI is documented witheatst the following information:

Location, extension of the flooded area

Date-duration

Hydrometeorological genesis

Consequences (victims, damages, socio-economigrpations)
Flood management
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3.4.5. Future developments

The PFRA is only the first step of the new natiosi@htegy for managing flood risks. 3 others steflsbe
implemented:

Based on the preliminary assessment of flood tis&, lands with a high risk of flooding (TRI) are
identified.

Based on this assessment, flood-prone areas willdpgped. The mapping must include three scenarios:
a frequent flooding, average flood (return periogstrexceed 100 years) and extreme flooding. It must
be completed by 22 December 2013.

Based on these maps, plans of management of flsk&l (PGRI) will be achieved. These plans should
involve a comprehensive strategy to reduce thelréded on prevention, protection and preparedness
for emergencies and be prepared for 22 Decembés 20the latest. They are developed at the district
scale.

All these phases should be reviewed every six yieaasycle of continuous improvement.

4. COASTAL FLOODING HAZARD

4 .1. Definition

Coastal flooding is a temporary flooding of coastaba by the sea in extreme meteorological commditio
Different factors can affect the sea level and leacbastal flooding:

Tide: high tide coefficients increase the prob&pihif flooding;

Low atmospheric pressure and wind: the conjugat®raof both can lead to a rise of the sea level
called storm surge;

Swell: when it reaches the coast, it causes afisea level called set-up that must be addedléoaid
storm surge.

Low pressure

SWELL
STORM SURGE
TIDE

Wingd
Waves generated by local wind
Swell

Storm surge

Figure 11 Scheme of different natural factors invaled in coastal floods
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4.2.The monitoring network of SHOM

The tide gauge network RONIM operated by the Fredaky's Hydrographic and Oceanographic Department
(SHOM) includes 42 permanent gauges as of 1 Apiil2 including 6 in the overseas territories, andbnaco
and in the port of Toamasina (Madagascar). Dataererded every 10 minutes, with an integratiop stb2
minutes. SHOM is responsible for data quality colnprocessing, archival and dissemination.
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Figure 12 Map of tide gauge network RONIM in Fran@ mainland. Shades show average high tide sea
level.

4 3. Statistics on extreme sea levels in France

The knowledge of extreme sea levels is of the rimpbrtance for the studies dealing with coastabhdg and
all coastal and port developments. CETMEF-SHOM lighbd in 2008 a study of extreme high tide seelev
performed by statistical analysis of tide gauge sneaments at several sites and by geographic oitaipn
between these point, allowing the production of snapsea levels for different return periods (10, 20 and
100 years) along the French coasts of the Englisin@el and the Atlantic Ocean. In 2010, this studg
extended to low tide levels.The maps have beentadda 2012.

For each main port / secondary site ("main" fortpawvith more than 10 years of measurement andccalle
"secondary" for ports with less than 10 years ohsoeement), the statistical extreme levels foivargreturn
period are evaluated from probability distributimmctions derived from observations of water leetbtained
from tide gauges) and tide predictions. The metheed for calculating these probability distributimmctions
are based, on the one hand on the statistical sisalf storm surges, on the other hand on the ledion of the
probabilities of levels generated by predicted htgtes. It is hypothesized that storm surge ané tde
independent). Storm surges are adjusted to a GulabelFinally, the return periods of extreme levate
calculated by convolution of the probability dibution of heights of high / low tide predicted atte
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probability distribution of storm surge.

The geographical interpolation for points betweeimand secondary ports is done throughnié¢hode
de la plaque mince (Duchon, 1976).
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Figure 13 Composite map of maximum estimated seaviels of centennial return period. Levels are given
compared to reference IGN 69.

Limits of the methods
Results from this method must be used carefully d$er must have in mind that:
= the results are more accurate at main ports;
= Uncertainties on the results increases with lomgtrrn periods;
= Uncertainties in the results are stronger insigygsk{typically Bay of Mont St Michel) and coastadas
where there are less measurement points (Aquitaine)
= the results of the study are not valid in estuargas and Arcachon basin (the hypothesis of
independence between tide and storm surge is ne veoified).

The method also considers that tide variation isdpminant to storm surge, which is untrue in the
Mediterranean Sea and in overseas territories.tSmarinot be used in these areas. Moreover in cagrse
territories, cyclone events must be taken in actand processed differently.
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5. AVALANCHE HAZARD
5.1. Definition

An avalanche is a rapid displacement of a massnoison a slope, caused by a rupture of the snowpack
Avalanche is a relatively complex physical phenoomerThe study of the stability of the snowpack osiape
uses knowledge in mechanics, snow conditions aridareogy.

Observation and recording of past phenomena aengaisto better understand the avalanches. Thrai@
programs are essential to the study and manageafeatalanche risk in France, particularly in a &dat
planning framework:
= Location Map of Phenomena Avalanche (CLPA) dessribreas where avalanches occurred in the
past and are represented by their extreme limétshed,
= the Permanent Avalanche Investigation (EPA) isstohical chronicle of events observed at selected
sites. The information is collected in the formeft and numbers.
= Inhabited Sites Sensitives to Avalanche (SSA) ifiestthe inhabited sites in winter and accessible
with a secure route from avalanches, and claskédyntinto three groups according to their sensjtivit
to avalanche risk.

None of these programs indicates the hazard or afskvalanche, either in frequency or intensity ior
temporality. Météo-France is responsible for fosticg the risk of avalanche for the next few daysugh its
Vigilance map and its Snow and Avalanche Bulletins.

5.2.Observing avalanche-prone sites

Since the early twentieth century, officials frone tNational Forest Office (ONF) are monitoring dwivity of
some avalanche sites. Each avalanche is describgédamy potential observed damage is recorded. This
monitoring continues today with the Permanent Awelfee InvestigatiofEPA), which is a monitoring operation
carried out by agents of the ONF on about 5000amedle couloirs. The observations feed a computerize
database that is a valuable tool for avalancheigctinalysis.

Data collection is carried out by agents of the @68ervers ONF (National Forestry Office) who oliseabout
3900 sites across 11 departments (Corsica no Idofjewed). RTM (Land Restoration in Mountain) siees,
which are part of the ONF support the system.

Whenever an avalanche occurs on an EPA site, odrsenote the characteristics of the event: datysover,
altitudes of departure and arrival, type of avatemaescription of the deposit, etc...

All this information is reported by an online entoythe database that is managed and developedtegn.l More
than 90,000 events are now available (public d&agh a wealth of information on natural avalandekedmost
unique in the world. The current funder is the Minj of Ecology.

The monitored sites, often easily observable apdrted on the observation of the EPA maps, wergiraily
selected on the basis of damage on forests. Takayselection is made upon human issues (roadsebpand
the scientific knowledge of avalanches.
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Figure 14 Extract of EPA (from ONF-IRSTEA, updated27/11/12)
5.3. The inventory of areas prone to avalanches

A cartographic inventory of areas prone to avalesctvas undertaken in 1970. This inventory covers al
French Alpine massifs and Pyrenees, but deals ptimaith the areas close to urbanized areas amndrgas.
The specifications was proposed by IRSTEA and thethodology developed by the National Geographic
Institute (IGN). These location maps of avalanchermena (CLPA) are set to 1: 25 000. They show the
maximum envelope of identified past avalanches awdlanche zones located by the analysis of aerial
photographs.

The CLPA is mainly based on the EPA for locating avalanches. Investigation and consultation whid t
various stakeholder organizations in mountain afsesvices land restoration in mountain (RTM), faevices
tracks, regional and national parks, DDE) compih&eapproach. The CLPA is a strictly informativecdment
that became essential for the management of the meawork, ski areas or the study of tourism dewelent
projects. More than 710 000 hectares have beepedap
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Figure 15 Extract from CLPA® IRSTEA
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5.4. Climatological Study of the Natural Avalanche Activty: Project ECANA

ECANA is a project funded by the Directorate Gehdma Risk Prevention (DGPR) of the Ministry of
Environment since 2009. The work is done in colfation between the research unit Torrential EroSoow
and Avalanches (ETNA) of IRSTEA and the Centre ofo® study (CEN) of Météo France.
Its main goal is the study of the climatology ofural avalanche activity in the French Alps. TotHis, it relies
mainly on the French avalanche data archived byTE¥Sin EPA, but also on snow and weather data aedui
assimilated and reanalyzed by Météo-France. Thangstfon usually made for risk management that the
avalanche phenomenon is stationary in time is tdelséed and challenged. To do this, advanced titatis
methods of time series analysis, modeling, clasgifin and selection of variable are implemented.

First results of the projects can be found hbtig://www.avalanches.fr/projet-ecana/

6. FOREST FIRE HAZARD
6.1. Definition
A forest fire is a fire that affected a forest afdarest, bush, garrigue) greater than 1 hectaoeedt fires

combines natural factors and human factors, noy amlthe explanation of their origin but also ineth
magnitude.

6.2. Monitoring and daily forecasting

6.2.1. Météo-France’s role

A framework agreement 2008-2012 between the Diratdoof Civil Protection (DSC) and Météo-France was
signed. In terms of forest fires, it is stated t#&tétéo France provides to the DSC, key but noigus elements
for assessing the risk of forest fires. The DS@eiponsible for the public dissemination of infotima about
the risks of forest fires. Météo-France participatethe dissemination of risks at the requeshef@SC.

Météo France forecasters are placed within Zonedtigarters (EMZ) to assess the risk of forest fine o
meteorological conditions.

In the Southwest area (Aquitaine, Midi-Pyrénées &oitou-Charentes), this service is based in theaZo
Operational Center (COZ) of Bordeaux. In the SqthMediterraneadépartemenisit is based at the EMZ in
Valabre (Gardanne - 13).

The forest fire watch starts in Bordeaux by the ehdinter because a first drought period is oftéserved in
March -April, creating a risk in the massif des tlas de Gascogne. The forest fire watch starts labva by
June. The forest fire watch ends in autumn.

6.2.2. The monitoring network in the South

The risk of forest fire is assessed ondEpartementfor 116 elementary areas of 400 to 80 Kfio achieve the
fire assistance, Météo-France forecasters receigddition to the traditional weather network (stas + radars)
data from around 300 automatic weather stationsdeatedd in real time. Each station measures wind,
temperature, humidity and precipitation.
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Figure 16 Map of the meteorological station networlkused in the South for forest fire monitoring

The Mediterranean area has in addition a networknfeasuring the water content of plants (2 poirds p
département operated by the ONF, with the scientific suppoitINRA. Measures of the flammability of
Kermes oak and rosemary are also made by the CehiBesting and Research of Entente (CEREN). These
measurements are made in the summer, once orawieek depending on the level of hazard.

Meteorological conditions give only favorable cdratis to fire outbreaks. Most of forest fires stagcause of
human factors. The forest itself must be monita@dletect fire outbreak as soon as possible. Ritbreak
monitoring includes fixed terrestrial watch towarmbile patrols, supplemented by aircrafts.

6.2.3. The method used for forecasting the forest fireahéz

The forecast is based on a daily assessment adrthegyht conditions and meteorological parametech ss
wind, temperature, humidity and solar radiationd&nger index, the IFM (developed in Canada) takimg
account the drought conditions and the meteoroédgiarameters is calculated. The IFM calculatidieseon
the calculation of 3 intermediate indices: the Hiugl Moisture Code (ICL), the Duff Moisture Codel) and
the Drought Code (1S). It gives better results th#trer hazard indices in most situations. In Frantease of
recent rainfall, as well as in mountainous backtguarea, it is the only reliable index. HoweveheTlFM is
not flawless. In particular, it gives poor resuilts cases of severe drought, during which it sigaffitly
underestimates the level of danger in low to magewand condition. The heat wave of summer 2003 itsd
abysmal record in terms of surface area burneduttSdefense area showed the limits of an anatlgaiswould
confined to use IFM only. Therefore, during periadsevere drought, the analysis cannot rely anitidex and
other indices are used.

Two other indices are calculated:
= the outbreak threshold, an estimate of the wincedp&bove which a fire becomes possible. This
estimate is a function of the water content intlifylel.
= the propagation index, an estimate of the theakficopagation speed of a fire on a flat grounc as
function of the wind speed, the temperature anddilevater content.

From the detailed analysis of the all the previcesnputed indices and his experience, the “forgst f
forecaster assigns to each zone, a level of dafoggedays J and J +1 on a six level scale: L (lol),
(light), M (moderate), S (severe), T (very severele (exceptional).
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These forecasts are made available to the seroic€svil Defence (Zone Headquarter, Operational {Gef
Fire and Rescue, ...) and other State servicesaviedicated website with restricted access. Halmvel
predicted in each zone is used for the selectiopre¥entive systems. It is a decisive factor fotirojzing
mobilization and the deployment of means to figidiast forest fires.

6.3. The forest fire data base in the South: Prométhée

Prometheus data base lists information on foress fin the Mediterranean region. Designed and laechén
1973, it covers 15 departments of the southeaBtanfice. The Data base is managed by the Delegatitre
Protection of the Mediterranean Forest (DPFM) irordination with the Ministries of the Interior and
Agriculture. Accessible on the Interngtww.promethee.coit includes data on burned surfaces, the number
of forest fires, the distribution of fires by muimalities, hourly and monthly distributions of ficaitbreaks.

In France many various stakeholders with differgatking culture and experience are involved in pheblem
of forest fire. The main goal of Prométhée dataehbato gather and homogenize data coming from diugrse
sources and disseminate the information to alsthkeholders concerned by forest fire hazards.

Fires are identified (i.e. created in the data pasery day by firefighters. Forest fires but atdber fires in rural
and peri-urban areas are taken into account.

The essential meta data archived for each fir¢haréollowing:
- location(‘département, commune, lieu*jlit

- date (day, month, year)

- DFCI coordinates of the outbreak (DFCI is therdimates system used notably by DSC and firefighter
- The time of the alert,

- The alert origin,

In the case of forest fires:

- The date and time of the first intervention

- The date and time of the end of intervention,

- The area covered and the indication (if any)iref ih progress
In the case of other fires in rural and peri-urbagas:

- The type of damage and the indication of a thie&brest

All of these variables (except the locality and #hert origin) are required. The reference of he i6 generated
automatically.

In the case of forest fires, additional data wél frovided by various services: firefighters, foees, gendarmes
and police.
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léigur.e- 17 Organization scheme for updating the Promthée data base
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Map data
Map data are (or) the outbreak point(s) and thesfofire limits located on a map.

Additional data
Additional data are the data provided for fire geedghan 10 hectares (less than 10% of forest)fifdss mainly
concerns the distribution of the areas coveredbyfite.

Meteorological data

Meteorological data are of three types:

= data provided by firefighters and foresters whoehaxeather suitcases: humidity, temperature, wind
speed and direction,

= data retrieved automatically and once a week froBTEO FRANCE files that can be linked to a fire:
soil water content in the area of the fire, IFML]QH, IS indices from the closest weather statiothe
fire.

= data recorded three times a day by weather statiorisg the season of forest fires: wind, tempemgt
soil water content, IFM, outbreak threshold, praggamn speed.. These data, systematically collected
once a week, are not related to fires.

Identification départ du feu de forét

bl
Code INSEE f Communa § : 13067 - Orgon N®.: 8008

FANnEe [ 2012
Ligu-dit ; cimetiére P Département : BOUCHES-D'U-RHONE

Code ducarreau OFC] . KOG K3 ¥ Région administrative : PROVEMCE-
ALFPES-COTE D'AZUR

Prirt d'éslasian §.:

Lamg £ 3 Lat.a
Lambert || éterdu (k]|
WiEE 24 [degrés décimaux]
| WES 24 [degrés minutes secondes]

Informations temporelles

Fremigre alerte © Z6/082012 0237
Origine de l'alerte: Papulation
Mowen ; wehicule SP
Hombre ;3

Maoyens détournés da laur
"guet asrien armea” [GAAR]

Distance pour arriver sur les liewx | G km

(FCentrersurla commune

Distance d'arret des enginsfeu @ Moins de 100 m
iFiCentrer sur le point d'éclosion

Surface dufeu 3 'arrivés des secours 0.4 ha
Fremiére intervention @ 26082012 0242
Firde l'irtervention ; 290852012 4700

Données spatiales

Surface parcourde par le feu (S015) 0 738 ha

(k¥ Recadrar

Dot |
Forét, 484 ha 2]
Lande, Maquis, Sarigue; 0 ha @
Autres © 254 ha ?
Totzl o 7232 ha

Type de peuplement | Futaie Melangee

Hygrormétrie | 40 %
Direction du vert ; N
Witesse moyenne du wert | 35 km'h
Température ;. 25 °C

Figure 18 Example of a file (data and meta data & forest fire) in Prométhée data base (from
www.promethee.com)

This data base allows the users to have access tovantory of forest fires through a search engind to
various statistical analyses.
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i et graphigques Bilan

Statistiques des feux de forét par département

HNbre moyen de feux par - Surface moyenne brulée par

s Nbre feus Hbre feusx Surface 2012 Surface 2013
Départerments E s013 [Ha] Ay an an
artre ZO08 ot 201% [ha) ertre 2008 ot 2012 [ha)
ALPES-DE-HAUTE-
PROVENCE G5 a2 252 14 a9 84
ALPES-MARITIMES 102 T 251 11 104 218
ARDECHE 105 10 SOE 31 105 365
AUDE 168 12 261 22 122 422
BOUCHES-DU-RHOME 152 il 831 54 154 F29
| CORSE-DL-SUD 244 G 173 a 204 a3
DROME 23 g 12 el 28 21
GARD j=t=} 3 t=1a} 3 49 120
HAUTE-CORSE 368 i 455 G 272 52%
HAUTES-ALFES 19 1 e 1 7 25
HERALLT 161 15 538 13 173 1327
LOZERE 61 2 322 ra G0 280
PvRENEES-ORIENTALES G5 it} 459 42 Lifig am
AR 120 15 =l 15 153 253
WaLUCLUSE 35 1 T3 a 23 28
Statistigues des feux de forét par région
Régions Mbre feus MHbre feus: Surface 2012 Surface 2013 hoce moye;nde [eUE R aUiaLs moy\zl:lne Ditleaiba),
A 2 ifas] tha) artre P00 ot 2042 (ha) artre 2008 & 201% [ha)
CORSE 612 13 G321 ] 566 1715
LANGUEDOC-ROUSSILLON 553 47 gl=lalst a3 47T 2536
FROWENCE-ALFES-COTE
LAZUR 559 o 1563 a5 477 1345
RHOME-ALFES 128 15 524 24 123 z26
Statistiques des feux de forét sur la zone Prométhée
Hbre felx Nbre feux Surfzce 2012 Surface 2013 t2lh rnoye;nde R R moyeallﬂ-lne SIHRE Dar
201z 201% th=] (h=) ertre 2003 et 2012 (ha]  ertre 2003 et 2012 [ha)
cnzmedibauanasane 1352 108 i) 228 1853 5a82

Fraomathés

Figure 19 Example of statistics available alvww.promethee.com

/. HAZARD DUE TO METEOROLOGICAL PHENOMENA

Météo-France is responsible for monitoring and dasting the evolution of atmosphere, surface o@ah
snowpack and thus ensures the safety of persongiaperty. It disseminate to the authorities andlipu
through the Vigilance map, up to 24 hours befor@rnmgs for 8 risks: high winds, rain-flooding ( in
cooperation with the flood prediction network), rebg, snow / ice, avalanches, heat waves, cold wauds
waves/coastal flooding(using data from the tidegganetwork). The Vigilance system is complementgd b
broadcasting Special Weather Bulletins for marireands and in the oversedépartementsthe cyclone
warning system. The French Multi —-Hazards system eeemprehensively described in previous WMO sersinar
and will not be developed here.

7.1. Definitions

7.1.1. Cyclones/Hurricane (wind)

In general, a tropical cyclone vortex is definedaasopical atmospheric perturbation, with very loentral
pressure (less than 980 hPa), turning clockwisthénsouthern hemisphere, and anticlockwise in tirtharn
hemisphere. A cyclone enters its mature phase wieaverage wind speed in it reaches 118 km/h. ibpeg
on the region, it is called cyclone, hurricaneymhioon. At this stage, the cyclone consists ofdaripud masses,
very strong winds and torrential rains occur andegaand storm surge are generated.
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The Cyclone Watch is coordinated at an internatibeel by the WMO that has designated in each wicea
basin a Regional Specialized Meteorological Ce(RSMC) that has the duty to detect cyclones andcfst
their trajectories: Those RSMC are Miami for therfkoAtlantic Ocean and North-East Pacific, Tokyo foe
North Pacific Ocean; New Delhi for the Bay of Behgad the Arabian Sea, Fiji for the southwest Racif
Ocean, Saint-Denis-de-la-Reunion for southwestaimdcean).

The SAFFIR-SIMPSON scale is used in the North Attai®cean and the North —East Pacific to classify
cyclones from 1 to 5, according to the mean wingesp

Classification Pressure atF;[Qe center in Wind speed in km/h Damages
Class 1 More than 980 118-153 Minimal
Class 2 965-980 154-177 Moderate
Class 3 945-964 178-209 Intense
Class 4 920-944 210-249 Extreme
Class 5 Less than 920 More than 249 Catastrophic

7.1.2. Storm (wind)

The wind is the essential element that determinetoan and its intensity is an indicator of thetestaf the
storm. Sometimes, when it blows strong, (gusts dy@d-120 km/h), serious consequences for the safiety
persons and property are to be feared. Wind isufetly accompanied by precipitation and sometimes,
especially in hot weather, thunderstorms. Thenst@resents itself as a complex meteorological entit

Storms are directly related to the atmospheric e&gons that are the backbone of their synoptitesbrand
determine their characteristics and evolution.

A storm can therefore be defined as a violent wiailly long (several hours), associated with thsgage of an
atmospheric depression. In Beaufort scale usedaime meteorology, the term storm refers to thgrB@luation
and corresponds to winds with an average speecbat®9 and 102 km/h.

Tornadoes are considered a particular type of stpooimaracterized by a limited lifetime and affegtan small
geographic area compared with conventional stokhesvever they can generate the strongest winds th ea
surface (more than 400km/h)..They are rare andagigable in France for now. In average, 15 torsagith an
intensity of F1 or more (on the Fujita scale) antbthados with an intensity of F2 or more are ested to
occur.

7.1.3. Lightning

Lightning is a massive electrostatic dischargavben electrically charged regions within cloudshetween a
cloud and the Earth's ground. Cloud-to-ground figlg are responsible for many losses and damageedao
the environment, buildings and people. The natiamgtiwork of lightning detection consists of 19 s®BS
distributed throughout France mainland. It is ofedtdy Meteorage, a subsidiary of Météo-France\éaidala.

7.1.4. Hailstorm

Hailstorms are storms leading to precipitation cé particules of different shapes which are traresgaor
partially to totally opaque. The diameter of thetigales varies generally between 5 mm and 50 mm.

7.1.5. Snow and freezing rain

A snowfall is a precipitation of isolated or cluste ice crystals from a cloud. Freezing rainfaél at the origin
of generally transparent and smooth ice depositieigdly formed by the freezing of supercooled redpd on
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objects whose surface is at a temperature belowlightly above zero degrees Celsius. Non superdoole
raindrops that lead to ice deposit when impactiegywnegative temperature objects can also be cemesid
freezing rain.

7.2.Hazard monitoring

Météo-France operates a complete observation netwmmtuding around 550 surface stations (mainland),
automated high mountain stations, radiosonde statiooys and radars. It also collects the obsematfrom
surface stations from partners (DGPR, EDF,...).

All these observation data can accessible in need by forecasters through Synopsis software, thealization
tool of Météo-France. In addition, satellite imagedata from the national tide gauge network andlititging
detection network and outputs from different fostaaodels are also available on Synopsis. Hazandasting
and forecasting are made from there.

7.3. Météo-France climatological data base

7.3.1. Description

All data in France (mainland and overseas tergmrsurface, upper air and marine) comfirmgn surveys and
observations from synoptic stations, radiosondésts, stations of the State Climatological Netw(RCE),
mainland automatic stations, semaphores and seéleeather ships are considered climatological dsltahese
data are accompanied by a set of information, datfletadata, describing the history of the measunépints,
and any information needed to monitor homogenditjata or knowledge of the data catalogue.

Most of these data (excluding "marine" data) ar@maged by the ORACLE relational Data Base Management
System. The Météo-France climatological data bastams:
= Mainland "basic" data : observed and / or measdegd (daily, hourly and 6 minutes parameters)
= Mainland developed data:
o decadal and monthly data;
o precalculated climate normals for the periods 12980, 1961-1990,
1971-2000 and 1981-2010;

o Daily and monthly records;

o hydrometeorological information (threshold-excedeeturn period);
0 agrometeorological information;

o long series of homogenized data

= Qverseas "basic" data
= International data

Extreme values for return periods from 2 to 100ryesre calculated for wind, rainfall and snowfdtadugh
different statistical laws and included in the datse. Those values are associated with a 70% eocid
interval.

Most of data are not free of charge and must bd usder license.

7.3.2. Data rescue activity

Climatologists work continuously to integer veryalata in the data base. This data rescue actimursés on
daily precipitation, daily minimal and maximal teerpture and hourly pressure at sea level. In gedata set
are complete after 1960. The data rescue concetasrdcorded before 1959 for temperature and 1649 f
pressure. This work will allow to have longer arehser series of homogenized data throughout thetrgou
Meta data are also rescued following the recommtegaof the technical guide of WMO WCDMP n°53.
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7.4.The data base of remarkable events (BDEM)

7.4.1. Goals

Météo France maintains for internal needs a dase Itlaat archives remarkable events. It providemes
summarizing those events and information that ateim other existing data bases. It covers not @ugnts
caused by the meteorological phenomena considerelis chapter but also all weather-related phemame
including landslide/mudslide, forest fires, floodgrm surges, avalanches, highly polluted sitmatitc. ...

The events are not only chosen on meteorologid@alrier. The selection is partly subjective. Ibased upon the
common sense of the climatologist, his knowledgé¢hef event in terms of media coverage and of cohise

experience. Archived events are spectacular amatastrophic and are triggered by a meteorologitation.
By construction, the BDEM is not to be used fotisteal processing because it is not comprehensive

7.4.2. Information archived for each event in the BDEM

Event identification

Type of the event Several types of phenomena cattdehed to an event
Nick name of the event The popular or media nante@tvent if any
Date/duration For short-lived events: date and leddine beginning of the event (the date of

the end of the event is not compulsory)
For long-lived events: date of the beginning areleéhd of the event

Location Région/département/commune

Damage severity 0. No damage

1. Little damage

2. Significant localized damage
3. Large-scale damage

4. Undisclosed

Victim severity 0. no casualties

1. Some victims

2. A dozen dead

3. Dozens of dead

4. Beyond a hundred of dead
5. Undisclosed

Date of creation Date of creation of the file reting the event

Date of modification Date of the latest updatehsf tile

Event description

Meteorological context Summary of meteorological factors that favored thg
development of the phenomenon.
Non meteorological context Summary of non meteorological factors that favored

)

the notion of “remarkable event”. For example, @en
road traffic, holiday departure,...

Qualitative and quantitative aspects Qualification of the type of phenomenon (e.g. slow
flood, hydrological drought ...) and quantificationp
some relevant figures

Summary of the consequences Synthetic information on the consequences of the
phenomenon

Additional resources

Additional resources related to the event may laél@ve such as radar and satellite image, modkldj photos,
newspaper articles, etc...
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Identification de 1'évéenement :

Nature du phénomene: Gréle , Tempéte | Weige Semice responsable:| DIEZE

Sursom: | Trarnontane et mistral trés forts-ITeige sur le Var Contact:| sechmi@metec fi
Périade: D 0%/04/2005 au 10/04/2005

Départements: B ouches-du-Rhone (13), Gard (30), Vaucluse (34), Pyrénces-Onentales (65}, Var (53)
Canmunes: Indétermine

Sévéritd en dégits matériels: Peu de degits Création de la fiche:| 11/04/2005 40745
Sdvdritd en victimes: Aucune victirne recensee Dermiere modification:| 30/08/2005 & 1337

Description de 1'événement :

Tramoentane, mistral et ibeccio ont soufflé trés fort sur le Sud-Estle 2 et 10 avnl 2005, avec des rafales dépassant généralement |
100 & 110 ke sur le hitoral des Pyrénées-Onentales et 140 k't au Cap Béar. On a releve 122 kmth au Cap Corse.

A Arles, dans le delta du Rhone, les rafales ont dépassé 33 m's (soit environ 120 km/h) les 9 et 10. La valewr maxims
km'h le 10,

Cuelques routes coupées par chutes d'arbres. Hales de protection de la décharge a ciel ouvert d'Entressen (prés d'Tstres et de S5t
Dermiers épisodes de mistral mémorables: 13 et 14 novembre 2004 et 21 fevrier 2002

A noter que pendant ce temps, dans la nuit du 9 au 10 avril, des orages avec neige, grésil et gréle ont été observes surle Var, La
de Cuers (300/400 m). La gendarmerie de Cuers a signalé 3 cm de neige au sl a Rocbaron, neige également a BessefIssole, la ]
sur plateaus: de Canjuers et Comps, la roque d'Esclapon, chasse neige sur I' A8 consécutf ausx orages de neige et de gréle entre |
de circulation.

Les ressources disponibles : ¢ota: 7)

Texte: Pour en savom plus

oreldrticle de la revue LA METECEOLOGIE sur le mmstral

Texte: Aspect quantitatif

! Wents remarcquables releves les 9 et 10 aved 2005 sur les départements du Sud-Est

Figure 20 Example of event information contained irBDEM

8. HEAT WAVE / COLD WAVE HAZARD
8.1. The monitoring and warning procedure for heat waves

Heat waves are known meteorological phenomenawfach, however, there is no standard meteorological
definition. In France, the heat wave of summer 2683 the most intense recorded in France sinc&356s: a
heat wave with an exceptional intensity occurredrdyuthe first half of August. This episode was @opanied

of important ozone pollution both in duration antensity.

In the immediate aftermath of the heat wave, thaitlite of Health Surveillance (InVS) has producedl
contributed to many epidemiological studies aintimg
= Inform the mortality from all causes attributabdethe heat wave in 2003 in the biggest Frenchscitie
and at national level ;
= Identify, through two large case-control studibg, tisk factors of mortality for the deceased dider
= Know, in the nine cities of the air and health ntoring program air, the part attributable respestiv
to ozone and temperature in mortality.

To better respond to heat waves, the Ministry oélthehas developed a Heat wave National Plan (PINC)
2004. The PNC defines actions to prevent the hdaifract of episodes of high temperatures. It inetud
recommendations to various stakeholders: profealkiphealth, social stakeholders.
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The PNC includes a heat alert and health systewsjSdentifying, in the meteorological context, whations

are to be implemented. The system was designed\6$ hnd Météo-France based on a framework agreement
signed in early 2004 and to facilitate the develeptmof procedures for prevention and warning agatims
health hazards of meteorological origin.

The Sacs is based on monitoring biometeorologiedicators (IBM) forecasts and on a system of waynin
thresholds set at a local scale.

The indicator used is the pair (IBMn, IBMx), whel@Mn is the moving average over 3 days of minimum
temperatures, and IBMx the moving average overy3 @& maximum temperatures. It was implemented dase
on statistical studies between weather indicatads ercentages of daily mortality. Alert threshotdsre been
selected for each city seeking to have the leassipe missed alerts, and the least possible fdtsens that
would discredit the operational system. For example couple in Paris (21-31 °C) was chosen ashiteshold
for defining a heat wave.

Based upon the pair (IBMn, IBMx), the PNC can baled on 3 levels:

= the seasonal watch is the period from 1 June téBjust. Each day of this period, InVS monitors
weather and health indicators in collaboration Witktéo-France.

= The level of warning and action (Miga) is trigget®dthe prefects of departments if
the thresholds established by the Sacs are forézwdst exceeded on the same day or on the three
following days. Health and social measures conthinethe PNC are implemented at the local or the
national level, for example, support for peopleisit or opening of additional beds in hospitals.

= The maximum level of mobilization corresponds toeaneptional situation exceeding the health field.
It is triggered by the Prime Minister on the recoemulation of the Ministers of Health and of the
Interior and involved all the stakeholders concdrbg the PNC.

The Sacs is revised every year after the seasatahwAlert thresholds can evolve to optimize tystesm. Also,
since 2003, the population may be less vulnerableeit wave because it is more aware of the damdehe
heat and because of the measures implemented BNGe

8.2. Météo-France methodology for climatological classiation

The heat wave definition based on the couple (IBNBMX) is set for sanitary purpose and warning s@ds
vary locally. Moreover they are to evolve as theuation becomes more resilient to heat waves. dffictal”
definition exists for heat wave or cold wave. Méf&ance has implemented its own method to defirs he
waves at a national level that allows establiskingiimatological classification of the most seveodd or hot
events.

8.2.1. Definition of indicators

The overall approach of the daily temperature ianEe is made through a thermal indicatmd{), mean
temperature ((TN + TX)/2) averaged on 30 metropalistations for which data are available withostlsince
1947. The indicator itself is hence available dailthout missing since 1947.

The 3 day moving averadrd3 has also been derived frdmd1l and assigned to the intermediate days.

8.2.2. ldentification of an event

An intense cold is identified for a Day when ondlef following conditions is met:
- The thermal indicator daily (Ind1) is below -3;°C
- The average over three days of the daily theinthtator (ind3) is less than 2 ° C.

An intense heat is identified for a Day when on¢heffollowing conditions is met:
- The thermal indicator daily (Ind1) is greaterrtt26 ° C;
- The average over three days of daily (ind3) tta¢rindicator is above 25 ° C.

Titre du document : Référence* :

Auteur : Quoc-Phi DUONG Version* : draft

Page 36 sur 49



[E METEO FRANCE

Toujours un temps d’avance

Each day D that met the above criteria is incluidesd cold wave or a heat wave.

8.2.3. Duration of an event

The starting day and the ending day are definedutiir other thresholds. These thresholds were detedm
empirically from the beginning and the end of knoewents (cold wave of February 1956, August 200& he
wave, etc ...).

A cold wave previously detected (from Ind1 or ind33ludes the periods adjacent to the D-day forctwtihe
daily thermal indicator (Ind1) does not becomeitagy greater than 0 ° C. The term lastingly metimee days
or more.

A heat wave previously detected (from Indl or ind®)ludes the periods adjacent to Day D for whioh t
thermal indicator daily (Ind1) does not becomeifegy less than 23 ° C. The term lastingly meamesdidays or
more.

8.2.4. Intensity of an event

The maximum intensity is very simply the minimunegpectively maximum) value of the thermal indicator
(Ind1) reached within the episode of cold wavegeesively heat wave).

The overall intensity was determined for cold wéayecumulating the degrees below 0° C over the thmatf
the episode. For heat waves, the intensity wasrmé&ted by cumulating the degrees above 23 ° C tiver
duration of the episode.

Vagues de froid en France

Période 1947-2012

3 au 17 janvier 1985 1°" au 27 février 1956
30 janvier au

7 février 1954

12 au 19 janvier 1966

7 au 13 février 1986
8 au 23 janvier 1987

| 23 au 28 décembre
1962

S 12 janvier au
22 au 31 janvier 1947 6 février 1963

1% au 13 février 2012
8 10 au 17 janvier 1960

7 au 11 janvier 1967 23 décembre 1970

au 6 janvier 1971

Valeur minimale de l'indicateur thermique (°C)

-4 FIEIICAE T AL 26 décembre 1996 au
B 8 janvier 1997
19 au 24 féurier 1948 A= cecsiE
-2 | | 16 au 21 janvier 1957 14 au 24 décembre
6 au 13 janvier 2003 5 au 14 février 1991 METEO FRANCE
Toujours un temps d'avance
[s)
(6] 5 10 15 20 25 30

Durée (nombre de jours)

La surface des sphéres symbalise I'intensité globale des vagues de froid, les sphéres les plus grandes correspondant aux vagues de froid les plus sévéres

Figure 21 Inventory of past cold waves classifiedybduration (x-axis) and maximum intensity (y-axis).The
sphere surface of each cold wave is proportional tits global intensity.
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Vagues de chaleur en France

Période 1947-2011

32

METEO FRANCE i

31 Toujours un temps d'avance T
15 au 21 juillet 1964

9 au 15 juillet 2002

[£]
=3

29 juin au

31juillet au e
5 7 juillet 1952
5 aolt 1990 10 au 30 juillet 2006
29 30 juillet au
8 au 12 aoiit 1998 8 aolit 1975

9 au 31 juillet

19 au 21 juillet 1983
1995
6 au 8 aoiit 1992 23 juillet au 4 aoiit
1947

A 18 au 26 juin 2005 O
29 juin au :
7 juillet 1957

21 au 25 juillet 1989 13 au 20 aoiit 1947

n
@

Valeur maximale de I'indicateur thermique (°C)
n
~

@
@
O

25 26 au 28 juin 1947

22 juin au 22juillet au
6 juillet 1976 9 aoiit 1994

24

Durée (nombre de jours)

La surface des sphéres symbolise I'intensité globale des vagues de chaleur, les sphéres les plus grandes correspondant aux vagues de chaleur les plus sévéeres

Figure 22 Inventory of past heat waves classifiedybduration (x-axis) and maximum intensity (y-axis).The
sphere surface of each heat wave is proportional its global intensity.

8.2.5. Limitations of the method and perspectives

The use of a global indicator fairly manages tontidg major events in France. However, events vath
exceptional intensity that only affect a limitedripaf the country can be missed. Moreover, thetistarand
ending dates may be considerably “smoothed”: a foedd wave does usually not start and end atdhneestime
on the whole country. So Météo-France is thinkifigderiving the indicator at regional scale to ajmerd
heat/cold wave with limited extent.

9. DROUGHT HAZARD
9.1. Definition

A drought can be defined as a water deficit of Iéatst) one component of the hydrological cycle.€e€hr
indicators exist at Météo France to monitor thyges$ of drought: meteorological, agricultural agdriological.

The approach adopted to develop the drought inalisas based on the Standardized Precipitationxlfgel),
widely used internationally and recommended by WMiace December 2009. The SPI, based on the
distribution of precipitation, was developedMgKee et ain 1993.

These indicators are constructed from Safran Isbdddu (SIM) data available in the climatologicatadhase
of Météo-France at monthly interval on a regulasimef 8 km. The chronological series of these dtda in
1958.
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SIM is a serie of three connected models:

- SAFRAN provides an analysis of meteorologicalciogs from surface observations soil and atmospheri
profiles.

- ISBA is a surface scheme that calculates the angh of water and energy at the soil-atmospheesfate
from forcings provided by SAFRAN.

- MODCOU is a distributed hydrological model thataulates the evolution of groundwater and runoff.

9.2.The indices in use at Météo France for drought motoring

9.2.1. The Standardized Precipitation Index (SPI)
The SPI is related to meteorological drought arnitineges the rainfall deficit.

Total precipitation for each SIM mesh area are dated at a monthly time step on a moving period afonth
where n can be 1, 3, 6 or 12. Then the statistitstitibutions of each calendar month for the pefi®d@1-2000
(taken as the reference period), are adjusted eorékical distributions characterized by their dgrginction.
An adjusted density function is obtained for eaanth (based on data from 1971 to 2000). Distrimgiare
then projected on a standard normal distributiomefin 0 and standard deviation 1 for standardizéitator
values.

The main interests of this method are:
= to ensure a spatial coherence of the indicatorcarecompare the values of the indicator throughout
the territory
= to make a direct correspondence between the vélie andicator and the return period of the draugh
on the defined time scale (1,3,6, 12 months)
= to define the different characteristics of eventart, end, severity, magnitude.

Date de début Date de fin
_ Seuil
o | P=5%

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Sévérité

Date du pic

Figure 23 Different characteristics of the droughtevents identified on a mesh. The use of probability
thresholds (within 5%) can also be used to classifhe events with their intensities.

By convention, a drought begins when the indexhred@ negative value and ends when the SPI agathes a
positive value. The magnitude of the drought isirdef as the sum of the SPI all months impactedhay t
drought. In this way it is possible to compare thiensity of different drought of the same durati@irect
correspondence between the value of the indicatittze return period quantile is derived from tistribution
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of values of a normal distribution, e.g. a valudtaf indicator of -1.28 corresponds to a probabititeshold of
10% and thus the return period quantile 10 years.

9.2.2. The Standardized Soil Wetness Index (SSWI)

The SSWI is related to agricultural drought andhestes the soil water content deficit.

The SSWI is calculated in the same manner as theb&Bed on monthly averaged values of the Soilnéss

Index (SWI) index derived from the following calatibn:

ST = W

We = Wy

wherew is the integrated soil water content in soil watentent,w;; the water content at wilting point amg.
the soil water content at field capacity.

The SWI represents the surface soil moisture (@nsteters), especially in the root area.

Compared to SPI, the SSWI integrates all the paiennef the water balance and especially temperaitus,
the SSWI is shifted to the SPI: in a rainfall défjgeriod, the soils dries with a variable inertiaarked by the
seasonal cycle (low evaporation in winter and ld@gaporation in summer).
The SSWI takes into account via the SWI the redles@potranspiration that can be limited duringipes of

intense soil drought.

The SPI and SSWI are calculated each month wiimd depths: 1month, 3 months, 6 months and 12 rsonth
Maps are produced linking the value of index, #teim period and the characterization of drought.

Value of the index

Return period

Characterization

>1.75 > 25 years Extremely wet
1.28t01.75 10 to 25 years Very wet

0.84 to 1.28 5to 10 years Moderately wet
-0.84 t0 0.84 0 to 5 years Around normal
-1.28 t0 -0.84 5to 10 years Moderately dry
-1.75t0-1.28 10 to 25 years Very dry
<-1.75 > 25 years Extremely dry

The different indices produced can be used to cheviae different hazards at different timescalerddfter are

examples of use of some indices.

SPI 6 months characterizes relatively long droughtsich may have hydrological impacts. The cumutati
rainfall of 6 months actually corresponds to pesiad groundwater recharge or dam recharge. SPIdrizhm
characterizes long droughts which according tor inéénsity can be related to problems in the ojameof large
aquifers with annual or multi annual response ti88WI 12 months characterizes long droughts which

according to their intensity can be related prolsiem ecosystems (forest or land movements).
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Figure 24 Map of drought situation for November 199 to January 1959 characterized with SPI3months.

The colors refer to the return period of the drough.
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Figure 25 Map of drought situation for November 2189 to January 1959 characterized with
SSWI3months. The colors refer to the return periodf the drought.

9.2.1. The Standardized Flow Index (SFI)

The SFl is a standardized indicator based on flalwes modeled by the SIM chain for 900 points.
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9.2.2. A specific issue of drought: the geotechnical didug

The geotechnical drought is the visible consequemcbuildings of ground movement due to a volumangje
of the ground (mainly clay) after an unusual deviate The shrinkage and swelling of clay soilshaugh not
dangerous to people, annually generates on Fremdtoty considerable and expensive damage to ipgid It

is the second most costly hazard to be compensated flooding. The Bureau of Geological and Mining
Research (BRGM) is in charge of studying and maphis hazard. The maps are availablenaiv.argiles.fr.
They are intended to delineate, at 1:50 000, greate to the phenomenon a priori, and give a haearl on a

4 degree scale: zero, low, medium and high. Theyaed for public information and also as a basislfawing
up PPRs.

Page precederte
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Limites de départements
Limites de communes (%)
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Carte geologique BRGM (™)
Ombrage topographique (MMT)

OODFEOEEEEE
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Figure 26 Map of exposure to shrinkage-swelling had for the Haute-Garonne department.

10.MULTI -HAZARD MAPPING FOR THE PUBLIC : CARTORISQUES
10.1. Goals

Cartorisques is to give access on the intermity:(/cartorisque.prim.ngtfo all interactive maps of major natural
and technological risks. Published information fritta decentralized services of the State, undeauktority of
the prefects are concerned. For now, the followisigs are mapped into Cartorisques: flooding (pBrtareas of
seismicity, the avalanche phenomena and Naturalsis (CAT-NAT) declarations. Three types of infation
are provided:

» Preventive safety information for the awarenegsagfulation (CPLA, AZI,...)

* Information related to the obligation to inform thayer or the tenant of a property (contained m th

PPR)
» Information for use in territory planning (contathim PPR)
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Figure 27 Example of multi-hazard maps for the Souteast of France
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10.2. Supporting technology

Cartorisques provides the ability to access to ipbbt data as specified by Web Map Service Spatiin
(WMS) and Web Feature Service data (WFS) develdyyetthie Open Geospatial Consortium (OGC). The OGC
was founded to define specifications to ensurerapierability between different platforms and gedispa
architectures.

11 CLIMATE CHANGE AND RISK ADAPTATION

In 2010, the Ministry of Sustainable Developmenliechupon the expertise of French climate sciemttst
produce a reasoned assessment of climatic conslifionFrance in the 21st century. Dr Jean Jouzel was
appointed to lead this assessment which was castietdy scientists from CNRS/INSU/IPSL and LGGEnfr
Météo France, BRGM, CEA, CETMEF, and the CNES. fidwilts are compiled in the series “Le climat de la
France au XXle siécle " which provides climatic blemarks to inform development of measures for adgpb
climate change. A first set of results were puldishn January 2011. They relied on two regionahatic
models from French institution: ARPEGE (CNRM-Métémnce), LMDz (IPSL: Insitut Pierre Simon Laplace),
running with two different IPCC greenhouse gas sinis scenario (A2 and B2). A second set of resuéee
published in January 2012, coming other regionmhatic models: ALADIN-climat (CNRM-Météo-France),
LMDz (IPSL: Institut Pierre Simon Laplace) in afdifent version, MAR (LGGE: Laboratoire de Glacidbgt
Géophysique de I'Environnement), running with tbllofwing IPCC scenarios: A1B, A2, B1.

This tool is crucial for the many stakeholders @ned with the problem of adaptation, namely local
communities, the private economic sector, assaciatand State run services. The production of seference
data was therefore given top priority (Action nf)the French National Plan for Adaptation PlarClomate
Change, which came into force on 19 July 2011. Whek received financial backing from the Ministry o
Sustainable Development, General Directorate fagrgn and Climate (DGEC). The National Observatany o
the Effects of Global Warming (Observatoire Natiosar les Effets du Réchauffement Climatique, ONERC
responsible for organizing and disseminating thendific information.
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ACRONYMS

ADZI : Atlas Départemental des Zones Inondables

AZl: Atlas des Zones Inondables

BDCLIM : Base de Données Climatologiques

BDEM: Base de Données des Evénements Marquants

BDHI :

BRGM : Bureau de Recherches Géologiques et Migiere

CAT-NAT : Evénement déclaré CATastrophe NATwell

CCR: Caisse Centrale de réassurance

CEN: Centre d’Etude de la Neige

CEREN : Centre d’Etude et de Recherche de I'Entent

CETMEF : Centre d’Etudes Techniques Maritimeslavigles

CLPA: Carte de Localisation des Phénomeénes Avchlaux.

CNRS: Centre Nationale de Recherche Scientifique

COGIC : Centre Opérationnel de Gestion Intermémistle des Crises

COPRNM : Conseil d’Orientation pour la Préventd®s Risques naturels Majeurs

COz: Centre Opérationnel de Zone

DDE : Direction Départementale de 'Equipement.

DDRM : Dossier Départemental des Risques Majeurs.

DFCI : Défense de la Forét Contre les Incendies

DGEC : Direction Générale de I'Energie et du Gifm

DGPR : Direction Générale de la Prévention desg| s

DICRIM : Document d’'Information Communal sur lelsBues Majeurs.

DPFM : Délégation a la Protection de la Forét Mecanéenne

DSC: Direction de la Sécurité Civile

EAIP : Enveloppe Approchée des Inondations Pitibes

EAIPce : EAIP cours d’eau

EAIPsm : EAIP submersion marine

ECANA: Etude Climatologique de I'Activité Avalaheuse NAturelle

EDF : Electricité De France

EPA: Enquéte Permanente sur les Avalanches

EMZ: Etat-Major de Zone

ETNA: unité de recherché Erosion Torrentiellegeest Avalanche

FFSA: Fédération Francaise des Sociétés d'Assesan

GASPAR: Gestion Assistée des Procédures Admitiisdiarelatives aux Risques naturels et
technologiques

GEMA: Groupement des Entreprises Mutuelles d'feste

GlS: Geographic Information System

G.M.T: Generic Mapping Tool

GPL: General Public License

IBM: Indicateurs bio-météorologiques

ICL: Indice de Combustible Léger

IGN : Institut national de I'information géogragpbe et forestiére

IFM: Indice Forét Météo

IH: Indice de 'Humus

INRA: Institut National de la Recherche Agronomeq

InVS: Institut national de la Veille Sanitaire

INSU: Institut National des Sciences de I'Univers

IPSL: Institut Pierre Simon Laplace

IPCC: International Panel on Climate Change

IRSTEA: Institut national de Recherche en Sciemté&®chnologie pour 'Environnement et
I'Agriculture

IS: Indice de Sécheresse

LGGE: Laboratoire de Glaciologie et de Géophysida I'Environnement

MEDDE: Ministére de I'Ecologie, du Développementable et de 'Energie

MRN: Mission des sociétés d'assurances pourta&issance et la prévention des Risques Naturels

OGC: Open Geospatial Consortium
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ONERC: Office National sur les Effets du Réchannfémt Climatique

ONF : Office National des Foréts

ONRN: Observatoire National des Risques Naturels

ORSEC : Organisation de la Réponse de SEcuritéeCiv

PCS: Plan Communal de Sauvegarde

PFRA : Preliminary Flood Risk Assessment

PGRI: Plan de Gestion du Risque Inondation

PLU: Plan Local d’'Urbanisme.

PNC : Plan National Canicule

PPI : Plan Particulier d’Intervention.

PPMS : Plan Particulier de Mise en Sdreté

PPR: Plan de Prévention des Risques.

PPRn : Plan de Prévention des Risques naturels

PPRt: Plan de Prévention des Risques technalegigt miniers

RCE : Réseau Climatologiques de I'Etat

RTM : service de Restauration des Terrains enthipre

RSMC : Regional Specialized Meteorological Center

SFI: Standardized Flow Index

SHOM : Service Hydrographique et Océanographigukadvarine

SIM : Safran Isba-Modcou

SIPC-ISDR : Stratégie Internationale de Préventies Catastrophes naturelles -International Stydtag
Disaster Reduction

SPC: Service de Prévision des Crues

SPI: Standardized Precipitation Index

SSA: Sites habités Sensibles aux Avalanches

SSWI: Standardized Soil Water Index

TIM : dossier de Transmission d’Informations aaifé

TRI ; Territoires a Risque d’'Inondation

UN : United Nations

WES: Web Feature Service

WMO : World Meteorological Organisation

WMS: Web Map Service
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1.1 Flooding

1.1.1 By a rise in the water level (waterway overflowing its banks)

1.1.2 By run-off and mudslide

1.1.3 By torrential flow (torrent and talweg)

1.1.4 By rising natural water tables

1.1.5 By marine submersion

1.2 Ground movement

1.2.1 Subsidence

1.2.2 Collapse

1.2.3 Rock slide, falling rocks and blocks

1.2.4 Landslide

1.2.5 Advancing dune

1.2.6 Receding cliff and coastline

1.2.7 Differential settlement

1.3 Earthquake

1.4 Avalanche

1.5 Volcanic eruption

1.5.1 Lava flow (or intrusion)

1.5.2 Pyroclastic flows

1.5.3 Aerial fallout

1.5.4 Gas

1.5.5 Lahars

1.6 Forest fires

1.7 Atmospheric phenomena

1.7.1 Cyclone/hurricane (wind)

1.7.2 Storms and squalls (wind)

1.7.3 Waterspouts (wind)

1.7.4 Lightning

1.7.5 Hail

1.7.6 Snow and freezing rain
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