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Coastal Risks

> Currently, 25% of the French 
coastline is eroding

> Vulnerability to coastal inundation 
has been highlighted by the 
impacts of several severe storms: 
• Lothar in 1999 and Xynthia in feb

2010 along the Atlantic coast Inundation during Xynthia, March 2010. 
Source: Régis Duvigneau

• 1982, 1997, and 2003 storms on the 
Mediterranean coast

> Climate change impacts will 
exacerbate existing coastal erosion 
and inundation hazards in the 21st

century (Nicholls et al., 2007)
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Damage to port structures (île de Ré, port de La 
Flotte). Source: Pedreros et al.  (2010) 

Source: Régis Duvigneau 

Climate Policies : mitigation and adaptation

Human
interferences V

u
l
n
e

> 3

Mitigation

Impacts

Adaptation
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> Some sections of the coastline are 
vulnerable, whatever the future 
effects of climate change

> In some regions, we expect an 
increase of coastal hazard together 
with increased human pressure

Key messages conveyed to 
the Ministry of Environment

Data: BRGM, DREAL, IGN

Photo Y. Krien; BRGM

with increased human pressure 

> In these regions, it is still possible 
to choose between an increase 
urbanisation OR to limit it on sea 
front

> Without any impulse from the 
national authorities, we expect 
increase of urbanisation in 
hazardous coastal areas

Photo : Agglo Thau

Photos: Y. Krien, BRGM

Recent progresses in adaptation policies implementation

> Grenelle de l’Environnement (2007)
> Law 3rd August 2009 “Grenelle 1”

> Law 12th July 2009 “Grenelle 2”

> Grenelle de la Mer (2009)

>

Stratégie nationale de gestion intégrée du trait de côte (2012)-
National strategy for integrated management of coastline
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> Plan Climat (2006)
• National WGs : RNACC 2008 – 2010 (Risques naturels, 

assurances, changement climatique – Natural risks, insurances, 
climate change)

• Dialogue (government,  elected representatives, the employers, 

unions, NGO, Experts) 2010

Plan National d’adaptation au changement climatique (2011)
National Plan for adaptation to climate change

Use existing instruments and add consideration of climate change

Adaptation : architecture of the French framework

International and European
commitments

Plan climat 
National

Schémas régionaux 
Cli t Ai E i (SRCAE)

- Plan national d’adaptation au changement 
climatique (PNACC, 2011):

- Consistency of  SRCAE and PCET with
national and international commitment
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Climat Air Energie (SRCAE)
Regional climat  Air Energy Plan

Plans énergie-climats 
territoriaux (PECT)
City > 50 000 inhabitants

Schémas de Cohérence 
Territoriale (SCoTs)
Plans Locaux 
d’Urbanisme (PLU); local urban
regulation documents

- Sustainable territorial project
- Re-examination : every 5 years

- Strategy and propospective withn large 
concertation 

- Organisation : Prefects of the Region, 
President of Regional Council

- 2 parts : 
- Mitigation : regional energetic

assessment, scenarii of evolution
- Adaptation : analysis of the vulnerability

of territories,  orientations for adaptation
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Plan National d’Adaptation au Changement Climatique
PNACC 2011 - National Plan for Climate Change Adaptation

> Items : energy, water resources, road 
infrastructures, natural risks, coastal risks
(erosion, marine submersion)

> Integration of climate change 
adaptation to already existing public 
policiespolicies

> when possible: to adapt the regulation
and types of governances

> to adopt a national strategy to manage 
coastline and develop observatory
networks of littoral (long terms series)

> to improve knowledge of natural and 
anthropic phenomena and their
evolution, 

> Cost benefit and multi-criteria analysis
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Which Sea Level Rise scenario for adaptation policies?

> Sea level projections for 2100 :
• 30 to 60 cm (IPCC, 2007)

• 1m or more (Semi-empirical approaches: Rahmstorf, 2007; Grinsted
et al., 2009;…)

• Nowadays : 50 cm to 1m, with high regional variability? (e.g. 
Slangen et al., 2012, …)

> As science is progressing, sea level rise 
projections are evolving 

> However, at the same time, authorities must take 
adaptation and risk prevention decisions
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French Sea Level Rise Policy

> Different French studies/synthesis
• “Impacts à long terme du changement climatique sur le littoral 

métropolitain” (Etudes et documents MEDDE, n° 55 , octobre 2011

• Ministerial group RNACC

> ONERC (Observatoire national sur les effets du réchauffement
climatique) :
• WG of Experts to define values (“Sea level rise report”, 2012)

• Document : Prise en compte de l'élévation du niveau de la mer en• Document : Prise en compte de l élévation du niveau  de la mer en 
vue de l'estimation des impacts du changement climatique et mesures 
d'adaptation possibles. SLR to estimate impacts of climate change 
and adaptation
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Hypothesis 2030 2050 2100

Optimistic 10 17 40

Pessimistic 14 25 60

Extreme 22 41 100

Official values for coastal risks prevention plans

Plan de prévention des risques naturels prévisibles (PPR)  : 
PPR-littoraux - Foresecable natural risk plan

> PPR-L (1995) 
• Submersion : occurrence 100 

yrs, without SLR . 

• SLR exceptionally taken into

Law 02/02/1995, opposable document
Basin of risk
Scale 1 : 25 000 enlarged to 1 : 10 000

> Revised PPR-L (2011)
• submersion for a centenal

return period

• Present hazard : + 20 cmSLR exceptionally taken into
account if lot of elements at
risk (estimated margin)

• Assessment undertaken by 
regional agencies of the 
administration
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Present hazard : + 20 cm  
(present SLR)

• Hazard in 2100 : + 60 cm  
SLR

• Uncertainty (model, quality of 
data, …) : + 25 cm 

Inland hydrodynamic flooding models have a better accuracy (some
cm)  than the best existing DTM (LIDAR +/- 20 cm)
Above 1 m heigth of inundation : Building is not allowed

RUN-UP

Surverse?

Caractérisation Xynthia 28th feb 2010
(Source SHOM, à la Rochelle – la Palice)

Atm Set-up = 4.506 m (NGF)

Terrestrial Zéro  = Hydro Zéro - 3,504 m

Modeling submersion – Set-up

CNO 2 décembre 2010
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Low tide /0hydro

Tide

Atmospheric SET-UP 
(pressure and wind

Wave SET-UP
(surcote liée aux vagues)

Ce schéma n’est pas à l’échelle Inunded area

Jet de rive, swash
RUN-UP

Hs wave ~ 7 m

6.48m

1.53m

8.01m

Example of Multi-hazards PPR 
Guadeloupe (West Indies)

Inundation, landslide, coastal erosion, marine submersion
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Report BRGM/RP-44911-FR

Comparison between PPR and impact of Dean Cyclone (2009)
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Numerical modelling of marine 
submersion 
> Atmospheric + wave set-up In the Bassin d’Arcachon 

(Atalantic coast)

CNO 2 décembre 2010 > 13

Klaus 

24th january 2009 

Tide Coef 54

Xynthia

27-28th february 2010

Tide Coef 102

Potential extreme event

Klaus + coef. marée 102

5 m
3,4 m

Stratégie nationale de gestion intégrée du 
trait de côte (2012) - National strategy to 
coastline integrated management

> Includes climate change

> To create a national network of observation and monitoring 
of evolution of coastline wih regional actors

> National mapping of coastal erosion and identify territories
with erosion riskswith erosion risks

> Better use of urban and prevention risk tools PLU, SCOT, 
…)
• Enlarge the 100 m  littoral public property

• Multi-risks PPR (marine submersion, estuarian dynamics, coastal erosion) 

• Defense works at the right scale of the phenomenom (sedimentary cell)

> Prepare the relocation of activities (large concertation with
Government, local and régional authorities, 

> Identify financial mechanisms
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Observations of évolution of the 
coastline Aquitaine region

Tendances Période
1825-1966

(%)

Période
1966-1998

(%)

Accretion 49 30

Erosion 51 70

> Mean retreat of coastline 1 to 3 m/yr (up to 10m/yr)

Accretion

Erosion
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Importance of regular and long term surveys

Partners :
Scientific : BRGM and ONF
Financial :  Regional government, Région Aquitaine, Conseil 
Général 64 + 33 + 40, Conseil des Elus du Pays-Basque, SIBA 
(syndicat intercommunal du Bassin d’Arcachon

• Réseau de mesures et d’observations scientifiques

• Développement de bases de données associées à un SIG

• Diffusion et communication de l’information

• Expertises

Coastline evolution

Marine & Aeolian Erosion

Landward translation

Buildings = interrupting the 
exchange of sediments

Defence works = 
stopping the 
retreat, but on-
going marine 
erosion

Controlled instabilities but increased risks for more catastrophic events

Example

> Interministerial WG « Risques naturels, assurances et 
changement climatique – Natural risks, insurances
and climate change ( 2008 – 2010)

Sub working groups:
- Swelling and shrinking of clays
- Lanslides
- Floods

Coastal risks

Estimate costs of damages caused by 
coastal erosion and inundation, and 

identif hat is specificall ca sed b

> Focus on Languedoc-Roussillon Region (French 
Mediterranean coast)
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- Coastal risks identify what is specifically caused by 
climate change

2003, Messina (2004)

Coastal inundation hazard zones…

10-year return 
period event

100-year return 
period event

TODAY

Coastal inundation and 
erosion hazards in 2100

Highly simplified assessment!

10-year return 
period event

100-year return 
period event

Sea level 
rise

In 2100 with 1 m of sea level rise 
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2009
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Source des données altimétriques et bathymétriques :
- LIDAR 2007 (DRE – CG34 – EID Méditerranée)

- Topographie BD Topo (IGN)
- Bathymétrie SHOM

2100
Submersion permanente
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Source des données altimétriques et bathymétriques :
- LIDAR 2007 (DRE – CG34 – EID Méditerranée)

- Topographie BD Topo (IGN)
- Bathymétrie SHOM+ 1 m

RNACC :Potential impacts to people 
and residences in 2100

Evaluation of potential impacts to 
people, residences, and public and 

private assets in 2100

Water
Wetlands
Open spaces (with little vegetation)
Low-lying vegetation
Forests
Prairies and heterogeneous agriculture
Permanent agriculture
Arable land
Artificial green spaces (non-agricultural)

f

Z

50%

60%

70%

80%

90%

100%

Industrial zones, landfills, construction
Urban zones

Z

Z

As the distance from the 
coast increases, the 
percentage of urban 

zones decreases
(i.e. population, residences, public 

and private assets, etc.)

0%

10%

20%

30%

40%

Distance from the shoreline Source : UE, SOeS, CORINE Land Cover 2000, Observatoire du littoral 

RNACC : Potential impacts to people 
and residences in 2100 (Résultats CGDD/SoeS)

Evaluation of potential impacts to 
people, residences, and public and 

private assets in 2100

Hazard

In 2100

Irreversible 
permanent inundation 

or erosion hazard

Temporary inundation 
caused by a 10-year return 

period storm

Temporary inundation 
caused by a 100-year 

return period storm

Population 80,000 people 20,00 - 60,000 people 20,000 people

15 à 35 Billions € for XXI century

Residences 140,000 residences 40,000 - 100,000 residences 20,000 - 40,000 residences

Below 1m NGF: 
exposed to 
permanent 

inundation in 2100

OR
Between +1m and 

+2m NGF: 
exposed to temporary 
inundation by storms 
with a 10-year return 

period

Between +2m and 
+3m NGF: 

exposed to temporary 
inundation by storms 
with a 100-year return 

period

To note: very large uncertainties (see Yates et al., 2011)

Exposed area
to erosion by 2100

Uncertainties

> Future sea level rise

> Simple models for erosion and submersion hazards

> Precision and accuracy of Digital Elevation Models

> Lack of data on the costs of coastal disasters

vendredi 12 juillet 2013
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Recommandations for management of shoreline

SLR Élévation
niveau de la mer

Peu d’enjeux

Assurer un suivi
“Do nothing”

Ne rien faire

Identifier une nouvelle ligne de 
défense en retrait
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seawall

wetland

“Managed realignment”

“Hold the line”

“Limited intervention”

Recul stratégique

Maintenir le trait de côte

Enjeux faibles  ou pas certain 
de maintenir techniquement

Accompagnement des processus 
naturels

Adaptation des ouvrages de défenses

Enjeux sont importants
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How to connect vulnerability assessment and 
adaptation measures?
we suggested the « robust decision making » approach

Adaptation measures
Proposed by key stakeholders

Evaluation of adaptation 
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After Lempert, 2001; Hallegatte, 2009

Vulnerability 
assessment

Simplified 
regional climate 

scenarii

measures with respect to:
- climate scenarii
- coastal vulnerability
- stakeolders interests and 

priorities
- Objective criteria: robustness, 

reversibility of adaptation 
measures and their ability to 
bring tangible short term effects

Adaptation recommendations
> Enhance knowledge, particularly with regular data collection at

representative study sites to improve long term coastal evolution data 
and modeling

> Need of acurate Digital Terrain Model (LIDAR) for all low coast areas
> There is a gap between scientists and stakeholders/public :  explain

and share knowledge with them to accurately communicate risk
perception 

> Development of planning progams that take into account climate
change (e.g. government risk prevention plans, inundation zone maps, 
local urban planning documents, land use planning management)

> S di d i h b d h i h l l (B i f i k> Studies and protections have to be done at the rigth level (Basin of risk, 
sedimentary cell)

> There is a panel of defence works (hard and/or soft) which are adapted
to each case and can be used in a same area

> Relocation and adaptation strategies at all levels of management (local, 
regional, and national)

> Insufficient data for robust cost-benefit analysis
> Adopting « without regrets » adaptation measures addressing today’s

risks as a first step toward addressing future coastal risks

Increased risk of over-adaptation (high cost of adaptation) and 
under-adaptation (high cost of damages), both with strong

economic consequences (Hallegatte et al., 2006)
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Merci pour votre attention


