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1. Introduction 

On a global scale, sandy coastlines are, as a result of climate change, increasingly exposed to the risks 

of coastal flooding and erosion (Nicholls et al., 2007). Projected changes in climate would result in 

sea level rise, increased storminess in mid-latitudes, and changes in wave conditions with higher 

waves and storm surges (Ranasinghe, 2016). According to Luijendijk et al. (2018), 24% of the world's 

sandy coasts have an erosion rate of more than 0.5 m/year and about 16% of more than 1 m/year. 

On the other hand, 27% of sandy coasts are undergoing accretion and about 18% have an accretion 

rate over 1 m/year. In France, 23% of sandy coasts are accreting, 40% are stable and 37% are eroding 

(CEREMA, 2018). 

In Vendée, sandy coasts represent 40% of the coastline, i.e. 109 km. According to the results of the 20 

National Erosion Indicator (CEREMA, 2018), 27% of the Vendée coastline is historically retreating at 

an average rate of 0.1 to 0.5 m/year and 7% of 0.5 to 1.5 m/year. 21% of the coastline is accreting 

(over 0.1 m/year) and 48% is not significantly changing. Over the last 70 years, and despite significant 

erosion, the phenomenon of accretion remains predominant on the sandy coasts of Vendée (Robin 

et al., 2019).  

However, the erosion mechanism is not only characterized by average historical retreat speeds 

(Fenster et al., 2001). Indeed, instantaneous erosion during storms is an important phenomenon and 

it has to be precisely quantified in order to manage these coastal areas more easily (Callaghan et al., 

2009). The Vendée coast has been impacted by numerous high intensity winter storms such as Lothar 

and Martin (1999), Johanna (2008), Xynthia (2010) or Joachim (2011). More recently, the 2013/2014 30 

winter, for which 22 storms were recorded, has also been the subject of several studies showing the 

morphogenic impact of this succession of storms (Blaise et al., 2015, Masselink et al., 2015, 

Masselink et al., 2016). All these events have highlighted the fragility of this coastline by causing 

instant retreats of dune barriers, marine submersions, sometimes leading to significant material 

damage and even human casualties (Mercier & Chadenas, 2012; Fattal et al., 2012; Bertin et al., 

2012; Castelle et al.,2015).  

Thus, understanding the environmental processes and conditions that cause short-term shoreline 

mobility is important to protect the coasts, prevent damage and to understand the causes of chronic 

beach retreat (Wright & Short, 1983).  
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Over the past 30 years, various strategies have emerged to manage coastal risk. At the European 40 

scale, coastal erosion, and its link with climate change, was included for the first time in the 2002 

Recommendation of the European Parliament and of the Council of the European Union, in the 

“Integrated Coastal Zone Management strategies” section. Following this recommendation, the 

Eurosion project (2002-2004) was the first program to take stock of the situation of erosional coastal 

zones at the European scale. In the same way as in the United States, as part of the implementation 

of FEMA's coastal erosion management program (Leatherman, 2003), Eurosion project gave a lot of 

impetus to implement a coastal erosion policy and thus highlighted the need to consolidate 

knowledge on coastal erosion, to anticipate and to integrate it into management strategies 

(European Commission, 2004) forming a guideline for the implementation of regulations on national 

and local scales. Numerous studies have since recalled and insisted on the importance of an 50 

integrated and future-oriented coastal erosion management strategy (Marchand et al., 2011; Rangel 

et al. 2018). 

In France, there is a whole arsenal of measures to prevent and manage the risks linked to coastal 

erosion. The 1986 coastal law (loi “Littoral”) for the development, protection and enhancement of 

the coastline prohibits urbanisation in the 100m strip from the upper limit of the shoreline in order 

to protect natural coastal areas. It indirectly reduces the number of issues subjected to coastal 

erosion. Thus, the Barnier law of 2 February 1995 relating to the reinforcement of environmental 

protection and the prevention of natural risks instituted the Coastal Risk Prevention Plan (PPRL). This 

spatial planning document, enforceable against third parties, is annexed to the Local Urban Planning 

Plan (PLU in French). It applies to the EPCI (a public establishment of cooperative urban areas) and 60 

limits or even prohibits urbanisation when the hazard and the stakes are high. Despite the pressures 

mentioned above, storm Xynthia was about to reveal the lack of PPRL on the coastal towns of 

Vendée. The sector of La Faute-sur-Mer, which would end up being the most affected, would be the 

first to get its PPRL in 2012. In 2017, all the towns along the Vendée coast, apart from Yeu Island, got 

an approved PPRL. 

A methodological guide was published in 1997 (Gary et al., 1997) and updated in 2014 so as to help 

drawing up these PPRL (MEDDE, 2014). This guide offers food for thought concerning the methods 

determining the shoreline retreat hazard applied in the PPRL as well as ways of improving the 

methodology. The erosion hazard zone, built with a precautionary approach, aims to protect the 

stakes related to this phenomenon. This hazard zone (Lr) written as follow: “Lr = 100 Tx + Lmax”. It 70 

results from the analysis of historical dynamics (Tx), projected to a 100-year horizon (100), to which is 

added the maximum retreat due to an extreme event (Lmax) (DDTM 85, 2015). The first parameter 

(100 Tx) aims at extrapolating the historical trends of the shoreline evolution in the future in order to 

know the shoreline position on a 100-year horizon. The second parameter (Lmax) is strategically 

added to define the most vulnerable areas during an extreme event. 

 
There are several methods to measure the retreat due to an extreme event. The need to measure 

this erosion phenomenon during a storm was raised as early as 1968 by T. Edelman in the 

Netherlands who used a dune equilibrium model. In 2014, Ciavola et al. list and detail the principles 

and evolutions of empirical models for estimating dune retreat: 1) a first dune equilibrium model was 80 

created by Edelman in 1968. It was independent of time and pre-storm profile, and the post-storm 

profile’s shape depended on wave and sediment properties. This method was then taken up and 

improved in other studies: DUROS method (Dean (1977), Van de Graaff (1977), Vellinga (1986)); 2) 
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more advanced models taking into account the pre-storm profile and simulating the temporal 

evolution. It was particularly developed by Kriebel (1982), Kriebel and Dean (1993); 3) a model 

estimating the potential retreat of the dune front was defined by Hallermeier and Rhodes in 1988 

(also called Median Dune Erosion). This model related the erosion cross-sectional area which was 

relative to the return period of an extreme water level (FEMA, 2003). However, this model did not 

take into account beach morphodynamics such as beach slopes and run-up consequences. These 

three empirical approaches are the first of three existing methods estimating the retreat related to 90 

an extreme event. The second method is based on designing and using numerical models. These 

tools allow the simulation of hydrodynamic processes in order to better understand the 

morphological dynamics between the foreshore, the beach and the dune during extreme events. The 

XBeach, SBeach, Telemac models are the most commonly used (Roelvink, 2009; Maspataud et al., 

2010; Corbella & Stretch, 2012; Pender et al., 2015). Finally, the third method is known as 

observation and measurement method. It consists in quantifying the impact of storms by measuring, 

using transects perpendicular to the shoreline, the distance between the pre-storm and post-storm 

shoreline which have been previously digitized on a database of aerial images. This method is more 

often used to assess historical trends in shoreline mobility (Houser et al., 2008; Thieler et al., 2009; 

Moussaid et al., 2015; Cellone et al., 2016), than to assess the impact of a storm (Harley et al., 2017). 100 

We suggest using the last method to assess the impacts of the storms of December 1999 (Lothar and 

Martin) and February 2010 (Xynthia). In Vendée, Xynthia is considered as the reference storm in the 

PPRL because of the exceptional water levels measured through La Rochelle’s tide gauge. Indeed, the 

local rise in water levels was due to the concomitance between the storm, which happened during a 

high spring tide (Pineau-Guillou et al., 2010). However, in meteorological terms, Xynthia was not as 

exceptional as Lothar, Martin (1999) or Klaus storms (2009) (Bertin et al., 2012; Genovese et al., 

2013). This implies that other storms such as Lothar and Martin may have had a more significant 

impact than Xynthia. It also aims to show that considering other extreme events could affect the 

erosion hazard zones of the PPRL. This work aims to improve the definition of the erosion hazard in 

PPRL maps by showing the relevance of including the impacts at least two extreme events for the 110 

definition of Lmax and to provide leads to improve the realization of the erosion hazard bands of the 

PPRL.  

First, the study area will be presented, then the method of realization of the erosion hazard zone will 

be explained. In a third part the results will be presented and then discussed in the last section by 

taking into account a specific example of « La Tranche-sur-Mer ». 

2. Study area 

The Vendée coastline is located on the French mid-Atlantic coast and is generally oriented along a 

NW-SE axis (Robin et al., 2019). It stretches for nearly 276 km from the bay of Bourgneuf to the 

Aiguillon cove. The Vendée coast is composed of 109 km of sandy coast, 64 km of rocky coast and 

103 km of sea defences. The erosional sandy coasts are generally characterized by eroding cliffs (Fig 120 

1- G). The foredunes are representative of accretion (or healing) sectors (Fig 1- F). In some areas, 

such as Noirmoutier, dunes play an essential role and are the only barrier between the sea and the 

low areas (Fig 1-A). Other sectors are more characterized by important seasonal sedimentary 

dynamics. The outlet of the Goulet de Fromentine (Fig 1-B), is the part of the mouth whose 

morphology is the most dynamic (Le Mauff, 2019). 
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Fig. 1: Location map of Vendée (W France department). The map shows the location of the different 
types of coasts (illustrated by seven photographs) as well as the current status of the Coastal Risk 
Prevention Plans. (HOMERE point : X 309753.801597 ; Y 6658415.559416) 

The Vendée coast is exposed to the North Atlantic marine weather patterns. Tides are semi-diurnal 130 

with a range varying form 2.3 m during neap tides to 4.80 m during spring tides and reach up to 6.3 

m during highest astronomical tides (from tide gauge of Saint Gildas) (SHOM, 2017). According to the 

coast classification developed in Davies (1964), the coast can be considered macro-tidal. Concerning 

the hydrodynamic parameters, between 1979 and 2016, an annual predominance of winds from the 

NW to SW sectors (about 42%) was observed with a W to SW trend (about 25%) in the winter period 

(September to February). The strongest winds are mainly from the S-SW sector (Fig. 2-a). 
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Fig. 2:  a : Percentage and direction of wind and wave data over the 1979-2016 period (annual and 
seasonal) , b : Wind and wave data during storms Lothar & Martin and Xynthia  
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Concerning the wave climate, the majority of the significant wave between 1979 and 2016 comes 140 

from the NW (40%) and W (35%) sectors (Fig. 2-a). In the winter period, the significant swells mainly 

come from the W sector (38%). The observation is the same for the highest Hs (above 4m). The 

inventory of the most relevant storm events has been achieved for the whole survey period (1979-

2016). The most notable storms in terms of sea-weather conditions since 1979 are listed in Table 2. 

For each event, the hydrodynamic and meteo-atmospheric characteristics and the storm index, 

according to Dolan and Davis in 1992 (Table 1), were calculated. This index takes into account 

significant wave heights (hs) and storm duration (hr). 

The waves and wind data come from the HOMERE database (Accensi, & Maisondieu, 2015) whose 

extraction point is located between the islands of Yeu and Noirmoutier (Fig. 1). Atmospheric pressure 

data come from the meteorological record station (METEO FRANCE) on Yeu island. The water levels 150 

measured are from tide gauge of Saint-Gildas (Loire-Atlantique department) because tide gauges of 

Vendée (L'Herbaudière, Les Sables d'Olonne, La Rochelle-La Palice) did not operate during one of the 

two storms.  

In this paper, we chose to study the storms Lothar (December 26-27, 1999) and Martin (December 

27-28, 1999) and Xynthia (February 2010). The December 1999 storms were unusually violent and 

caused a lot of damage on the coastline of the Pays de la Loire and especially in Vendée. These 

storms are often mentioned together as they hit the French coasts two days apart. Nevertheless, we 

note Lothar crossed France at a rather northerly position than Martin (Ulbrich et al., 2001), causing 

less damage in Vendée. However, as we are unable to differentiate precisely the impact of each 

storm, we will combine both storms and refer to the event of December 1999. 160 

Date 
Storm 
name 

Duration 
(h) 

Wind Waves 

Atmosp
heric 

pressur
e (min) 
(hPa) 

Maximu
m water 
level (St 
Gildas' 
station) 

Stor
m 

surg
e 

(m) 

Power 
index 
(Hs²hr

) 

Stor
m 

class 
(Dola
n & 

Davis
, 

1992
) 

Speed 
(mean/hr) Dir 

Hs 
(mean/

hr) 
Hs 

max 

Tp 
(peak

) Dir 

                            

15/12
/1979 

- 18 19 W 9.4 10.2 16.9 W 1001.1 5.3 0.7 
1590.

48 
4 

23/11
/1984 
24/11
/1984  

- 18 14.5 
WS
W 

7.3 8.6 16.1 W 1001.4 6.3 1.1 
959.2

2 
4 

24/03
/1986 
25/03
/1986 

- 15 18.1 W 9.4 10 16.9 W 994 5.6 0.5 
1325.

4 
4 

15/10
/1987 
16/10
/1987 

- 27 16.5 SW 5.9 7 12.4 SW 980.8 - - 
939.8

7 
4 

26/12
/1999  

Lothar 22 19.4 W 7.9 8.7 14.5 W 993.6 6.5 1.1 
1373.

02 
4 

27/12
/1999 
28/12
/1999 

Martin 28 17.8 
WN
W 

7 10.4 14.7 
WN
W 

969.6 5.4 1.2 1372 4 
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09/02
/2009 
10/02
/2009 

Quintin 17 18.5 W 7 9.1 13.5 W 988.6 5.6 0.7 833 3 

27/02
/2010 
28/02
/2010  

Xynthia 27 15 SW 3.9 5.9 10.5 SW 971.8 6.9 1.1 
410.6

7 
3 

15/12
/2011 
17/12
/2011 

Joachi
m 

32 21.2 
WN
W 

7.9 10.1 14.5 W 990.3 5.5 1 
1997,

12 
4 

23/12
/2013 
25/12
/2013  

Dirk 36 13.7 SW 6.5 7.9 15 WSW 986.6 5 0.8 1521 4 

06/02
/2014 
08/02
/2014  

Quimai
ra 

48 16.2 
WS
W 

6.1 9.6 17.5 WSW 991.7 4.9 1.3 1786 4 

 

Table 1: List of significant storms since 1979.  

The significant wave average over the duration of these events is 7.9 m for Lothar and 7 m for Martin 

with maximum heights of 8.7 m and 10.4 m respectively (Table 1). Lothar peaked at mid-tide, Martin 

at low tide, both during a phase of decreasing tidal range from spring to neap tide. These storms 

lasted 22 and 28 hours respectively. According to the severity index of Dolan and Davis (1992), both 

of them are classified as category 4, or "severe" storms. 

Storm Xynthia, which occurred during the night of 27-28 February 2010, caused significant swells 

(over 27 hours) of 3.9 m on average with a maximum height measured at 5.9 m. According to the 

severity index, Xynthia is classified as a category 3 or "significant" storm, with a lower storm surge 170 

than Martin (table 1). However, this storm surge, combined with high tide (table 1), generated 

extreme water levels. 

These two events were chosen for 1) the available data. Indeed, both events are sufficiently 

documented (archives, aerial images, feedback, photographs, forcing data) to carry out this work. 2) 

Their morphogenic character. Beyond the numerous damage and human casualties, their impact on 

sandy coasts makes them suitable study objects for measuring Lmax. The December 1999 storms 

were chosen for their particularly intense meteorological conditions manifested by strong waves, 

high water level and storm surge (Table 1, Fig.2-b) as well as Xynthia considered as a "reference 

storm" in Vendée, characterized by extreme water levels and a particularly high storm surge (table 1, 

Fig.2-b). 180 

3. Method 

3.1. Data 

The aerial images are produced by the French institute of geographic and forest information (IGN). 

Their resolution varies between 0.5 and 1 m depending on the date of the aerial images. These 

images have been georeferenced and then mosaicked over the entire departmental coastline. The 

analysis of the historical evolution of the shoreline was carried out over a period of 66 years, using 

aerial images from 1950 (BD ORTHO Historique) and 2016 (BD ORTHO). For the short term analysis of 
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the shoreline’s mobility evolution, the before and after storm aerial images were taken 14 months 

apart for Lothar and Martin and 10 months apart for Xynthia. The 2010 photographs were also 

produced by the IGN as part of the "Xynthia feedback" conducted by the Directorate General for Risk 190 

Prevention (DGPR) (table 2). 

 

Events 
Date of 
flight 

campaigns 

Number of 
georeferenced 

images 
Resolution Scale Data Source 

Lothar et 
Martin 

From 
06/19/1999 

to 
07/11/1999 

25 1 1/30000 Aerial images 
"Go back in 
time" (IGN) 

From 
07/30/2000 

to 
08/01/2000 

- 0.5 1/25000 OrthoLittorale ® 
Geolittoral 

(IGN) 

Xynthia  

07/09/2009 - 0.2 1/25000 BD ORTHO® Géovendée 

03/04/2010 70 0.2 1/10000 Aerial images 
Geolittoral 

(IGN) 

 

Table 2: Characteristics of the aerial photographs survey dataset for the Lothar & Martin and Xynthia 
storms 

3.2. Shoreline detection 

The before and after storm aerial images are mosaicked. Then shorelines are digitized. The shoreline 

changes are measured using a vegetation line and/or a morphological line both strongly related 

depending on the context. After an erosive storm event, the selected line is a morphological line. The 

edge of the dune -as the erosion reference feature (ERF)- is always selected in such a context 200 

because it is highly relevant. The line corresponds to the toe of a nearly vertical dune cliff carve by 

erosion processes, which clearly demarcates the vegetated dune (which comes until the top dune 

cliff) from the backshore (Crowell et al., 1991; Zuzeck et al., 2003; Boak and Turner, 2005; Suanez et 

al., 2010). After a recovery period, the limit between backshore and dune is different because dune 

recovery process associated with sediment supply on the backshore build a foredune with pioneer 

vegetation. In such a context, the foredune vegetation line proxy is chosen which also correspond to 

the morphological line between foredune and backshore in such an sedimentary accretion context. 

The shorelines have been digitized at a scale of 1:1000 in order to achieve a good level of accuracy. 

When the shoreline is artificial, the marker used is the base of the structure. These structures are 

built to protect currently non-relocatable assets situated in the coastal strip and potentially subject 210 

to erosion.  
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3.3. Measurement of the retreat due to an extreme event 

The evaluation of the maximum retreat related to an extreme event (Lmax), consists of measuring 

the distance between the shorelines before and after a storm using an extension of the ArcGis 10.5 

software (Digital Shoreline Analysis System (DSAS) (Thieler et al., 2009). The transects are generated 

at a right angle from the shoreline and the spacing is variable according to the authors. It is generally 

less than 100 meters (Aernouts, 2006; Hapke et al., 2006; Abdellaoui, 2007; Faye et al., 2008). The 

spacing of the transects in this study is 20 meters (Houser et al., 2008; Moussaid, et al., 2015, Cellone 

et al., 2016) as this distance is best suited to small beaches in the study area. 5 000 transects are thus 

implemented along the Vendée coastline. Finally, the distance between the oldest and the most 220 

recent shoreline (pre and post storm) is measured for each transects using the Net Shoreline 

Measurement (NSM) method in DSAS. 

3.4. Assessment of the uncertainties 

3.4.1. Uncertainty of the shoreline position 

The uncertainty on the shoreline's position involves potential location errors. These errors may 

accumulate when there is a comparison between the positions of two shorelines at two different 

times (Robin et al., 2019). A margin of uncertainty has therefore been calculated. The accuracy with 

which the position of the shoreline is determined depends on the quality of the images (image 

resolution or "pixel error"), the quality of the georeferencing (orthorectification error) and the 

accuracy and regularity with which the shoreline has been digitized (digitization error). The final 230 

result corresponds to an interval in which it is impossible to define whether the sandy coastline 

portion is stable or whether the error is related to the uncertainty of the method. The overall 

position error for a shoreline is calculated by taking the square root of the sum of the squares of each 

error (Fletcher et al., 2003; Hapke et al., 2006). The overall error for both events is estimated to be 

2.8m. When the evolution rates are calculated between two dates and over a longer period (more 

than one year), these values can be annualized by calculating the square root of the sum of the 

squares of the global error for each date, divided by the time passed between these two dates (Faye 

et al., 2008; Bagdanavičiūtė, 2012; Oyedotun, 2014; Cellone et al., 2016; Dada et al., 2016; Fossi 

Fotsi, 2019, Robin et al., 2019). 

3.4.2. Temporal uncertainty  240 

Temporal uncertainty is related to the gap between pre-storm and post-storm aerial images. For the 

December 1999 event, almost 14 months separate the aerial images before the storm (19/06/1999) 

and after the storm (01/08/2000) (Fig. 3-A). Wave and wind conditions recorded during these 14 

months show that both Lothar and Martin storms are the only most severe events. We therefore 

assume that the results in terms of measured retreats on the aerial photographs are mainly caused 

by the impact of both storms.  

The time between the passage of the storms and the images, taken either immediately afterwards or 

a few months later, interferes little with the measurement of the setback because resilience is taken 

into account. In fact, aerial images sometimes reveal markers of resilience such as the formation of 

benches or the re-growth of vegetation on the fore dune. However, when the actual traces of storm 250 

impact (notch formation or erosion cliffs) are visible, these markers are used to digitize the post-

storm shoreline.   
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Fig. 3:  Hydrodynamic characteristics over the period between the two aerial images for A) Lothar 
and Martin, B) Xynthia 

This observation is also available for the storm Xynthia. The 2009 and 2010 aerial campaigns were 

carried out 10 months apart. The highest wind speeds were indeed recorded during Xynthia (Fig. 3-

B). Concerning the wave climate, a few days before the storm hit, we observe two set of wave whose 

heights exceed those measured during the storm. In spite of these important values, these sets of 

wave occurred during neap tides so the impact on the coast was definitely not significant. 260 

3.5. Projection of the shoreline to 2050 

3.5.1.  Assessment to historical mobility of the shoreline  

The historical evolution of the shoreline was measured between 1950 and 2016. The 1950 shoreline 

was digitized from IGN aerial photographs recorded in 1950 and supplemented with a few 1952 

photographs to provide aerial continuity over the entire area (Robin et al., 2019). 

The shoreline position indicators selected are the same as for Lmax. However, the digitization scale 

for the 1950s is set at 1:2500 due to the poor quality of the aerial photographs. The transect method 

is also used in this case in order to measure an average annual change between two dates. On each 

transect, the EPR (End Point Rate) method is used (Thieler et al., 2009). 

 270 

3.5.2. Projection to 2050 

 

The projection to 2050 is based on the observation of shoreline evolution between 1950 and 2016. 

This approach, based on the one applied in the PPRL, consists in carrying back the current shoreline 

linearly towards the back of the range, taking into account the historical evolution value of each 

transect. This historical evolution integrates the various processes that explain the observed 
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dynamics: hydrodynamic and climatic factors (the role of tides, the impact of extreme events), long-

term sea level rise (eustatism), and human intervention. 

To the value of the historical evolution calculated on each transect is then added the maximum 

measured retreat value linked to an extreme event (Lmax). This addition (value of the historical 280 

evolution and Lmax) corresponds to the value of the projection to 2050 on each transect. Finally, the 

line connecting each point on each transect corresponding to the value of the 2050 projection 

delimits the erosion hazard strip. 

For all of Vendée, two scenarios have been carried out. The first one is the projection of the current 

shoreline to 2050 to which the retreat values measured after the storms Lothar and Martin are 

added. The second scenario also consists of projecting the shoreline to the year 2050, but this time 

taking into account the retreat values generated by the storm Xynthia. By comparing these two 

scenarios, we will be able to determine which of them shows the most significant retreat.  

The IPCC's work published in 2019 (Oppenheimer et al., 2019) justifies the choice of a projection to 

2050 by the small divergence of RCP scenarios. Indeed, the average divergence in the projection of 290 

sea level rise by 2100 is 33cm between RCP 2.6 and RCP 8.5, whereas by 2050 it is only 4cm. The 

uncertainty is therefore lower by 2050: the risk of obtaining an erroneous shoreline positioning in 

2050 is therefore much lower than trying to position the shoreline in 2100 with a much higher risk of 

error. 

In this paper, the projection of the current shoreline is calculated by multiplying an average annual 

rate of shoreline change (accretion or erosion) by the number of years between 2016 and 2050 (i.e. 

34 years). In the PPRL, only negative average annual rates of shoreline change are projected, thus 

corresponding to an erosive trend. 

In areas where the shoreline is "fixed" by sea defences, we consider that the shoreline will be the 

same in 2050. However, a storm like Xynthia can have an overflow effect and bring sand behind the 300 

structure (Fig. 4), which should not to be confused with a retreat of the shoreline. In areas where the 

shoreline is "fixed" by coastal protection works, we consider that the shoreline will remain the same 

in 2050. In addition, the State ensures that the owners, managers and operators of these protection 
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structures meet the regulatory requirements and thus guarantee a certain level of reliability.

 

Fig. 4: The shoreline’s retreat and damage on protection works in the aftermaths of Xynthia. La 
Tranche-sur-Mer – South of the Clémenceau beach 

Nevertheless, the ante and post-storm shoreline remain digitized at the base of the structure. On the 

other hand, simple walls delimiting property lines are not considered to be sea defences. They were 

moreover destroyed by wave action during Xynthia (Fig. 5). In this case, we take into account the 310 

retreat behind these property lines. 

 

Fig. 5: Oblique aerial and ground photographs following Xynthia. Town of la Tranche-sur-Mer. Left : 
2009. Right : 2010 

3.5.3. Erosion hazard 
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In PPRL, the erosion hazard strip defined on the 100-year horizon is composed of two elements: the 

historical retreat of the shoreline to which is added the maximum retreat due to an extreme event 

(DDTM, 2015). The 2050 projection from 2016 onwards will therefore be written as follows:  

Lr = 34 * Tx + Lmax 

with Lr = the width of the hazard zone, 34 is the number of years between the "current" shoreline 320 

used in this study (2016) and the 2050 horizon, Tx = the average annual retreat rate, Lmax = the 

value of the maximum retreat following an extreme event. The parameter Lmax retained for all 

sections of the coastline is thus based on two steps : (i) on the section-by-section comparison of the 

setback observed for each storm and (ii) from which the Lmax for all storms compared is retained. 

The Lmax value corresponds to the strongest setback resulting from the comparison of the setback of 

the various storms. Thus, the Lmax for a given section can come from the Xynthia storm impact 

which is stronger than the Lothar one and for the next section, the Lmax can come from the Lothar 

storm impact if this one is stronger than the Xynthia one (Fig. 6-a). The historical retreat and Lmax 

are calculated for each transect. The final result is transcribed as a hazard zone according the PPRL 

method (pink shaded area, Fig. 6-c).  330 

 

Fig. 6: Steps of the realization of the "erosion hazard" zone.  

4. Results 

4.1. Impact of the two storms on the Vendée shoreline 

Over all the sandy coasts of Vendée, 43.2% (i.e 41 km) of the sandy coastline were eroded during 

storm Xynthia. Regardless of the range of erosion, Xynthia was more morphogenic than Lothar and 

Martin (Fig. 7-a). The most remarkable erosion values are measured in the town of La Tranche-sur-

Mer (up to 40 m) (Fig. 12). In addition, some towns saw much of their shoreline retreat during the 

Xynthia storm, as in Saint-Jean-de-Monts, where 90% of the coastline eroded as a result of the storm 

with retreat values of up to -12m.  340 
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Even if the storm’s most serious consequences have not been found in Vendée, the impact of Lothar 

and Martin remains consequential. Indeed, as far as our study area is concerned, the 1999 storms 

caused retreats over 20.5 km, i.e. 21.6% of the sandy coasts of Vendée. 

 

Fig. 7: Percentage of the shoreline impacted by storms per erosion phase on sandy coast of a) 
Vendée, b) Noirmoutier-en-île, c) La Faute-sur-Mer 

4.2. The uneven effects of the two events on sandy coasts 

 The results show an uneven impact of the storms on the sandy coasts of the Vendée. Some sectors 

were more affected during Xynthia than during Lothar and Martin as is the case for the local council 

community “Océan Marais de Monts”. This local community includes the coastal towns of La Barre- 350 

de-Monts, Notre-Dame-de-Monts and Saint-Jean-de-Monts. Its coastline is particularly exposed to 

storms. The impact of Xynthia on this sandy coast was greater than Lothar’s and Martin’s, both in 

terms of length of the eroded shoreline and the distance of landwards retreat (cross-shore).  

On this coast, the retreats due to Xynthia were measured over 9.5 km, i.e. 68.7% of the three towns’ 

coastline against 23% for Lothar and Martin. Much of the retreats measured during this storm are of 

less than 5 m and constitute 50.4% of the eroded coastline. It is also observed that 26.8% of the 

erosion values are between 5 m and 10 m and 1.3% between 10 m and 20 m after Xynthia (Fig. 8). 

Generally speaking, Lothar and Martin have impacted the coastline three times less than Xynthia; 

22.8% of the coastline was hit against 68.5% in 2010. 
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 360 

Fig. 8: Retreats measured during both events on the local council community “Océan Marais de 
Monts”. Left strip: Lothar and Martin (December 1999) Right strip : Xynthia (February 2010) 
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Despite Xynthia’s undeniable impact, some areas were nevertheless more affected by the storms 

Lothar and Martin as in the town Noirmoutier-en-île. Approximately 30% of the sandy coasts of the 

town eroded after the 1999 storms, i.e. almost 1.5 km. Retreat values of less than 5 m are equivalent 

for both storms. We note that retreats between 10 m and a maximum retreat value reaching 19.7 m 

were measured only during Lothar and Martin whereas the retreat values did not exceed 6 m 

following of Xynthia.In addition, erosion values measured between 5 m and 10 m are observed on 

11.8% of the town’s sandy coasts after Lothar and Martin against 3.3% after Xynthia (Fig. 7-b).  

In the sector located in both Longeville-sur-Mer and La Tranche-sur-Mer, 56% of this sector has 370 

retreated following Xynthia against 46.5% in December 1999 (Fig. 9). However, in the area of the 

Grouin du Cou tip, in the southern part of the sector, Lothar and Martin caused the most significant 

retreats of up to 13 m, whereas no significant retreats were measured following Xynthia. Although 

Xynthia affected a larger portion of this area, the percentage of retreats between 10 m and 20 m is 

higher (5.3%) for Lothar and Martin than after Xynthia (3.1%). 
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Fig. 9: Retreats measured during both events on La Pointe du Grouin du Cou. Left strip : Lothar and 
Martin (December 1999). Right strip : Xynthia (February 2010) 

We have previously noted that the two extreme events studied had different at department scale. 

However, some sectors suffered a similar impact both in terms of eroded coastline and depth of 380 

retreat. This is the case of La Faute-sur-Mer, one of the most severe impacted sectors in this 

department (Fig. 7-c). This section of the coastline was particularly sensitive to the storms Lothar, 

Martin and Xynthia. Its coastline was affected to the same extent by both events: 70% by Xynthia and 

74% by Lothar and Martin. The retreat values exceeded 20 m in the northern part of the town during 

the storms of December 1999, whereas they did not exceed 10 m during Xynthia  
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4.3. Consequences on projection scenarios 

The study of the two extreme events Lothar & Martin and Xynthia, added to the historical evolution 

of the shoreline, makes it possible to compare the hazard strip for each scenario and to see which 

one has the greatest impact. This approach also aims to target vulnerable and erosional areas. In the 

example of La Tranche-sur-Mer (Fig. 10-a), the most important hazard strip corresponds to the 390 

Xynthia scenario and is therefore selected. In this sector, there is a difference of up to 11 m between 

the two scenarios. For the Xynthia scenario, the hazard strip extends over a maximum of 36 m 

compared to 28 m for the Lothar and Martin scenario, starting from the 2016 shoreline. 

 

Fig. 10: Projection to 2050 with both scenarios (Lothar & Martin / Xynthia) a) La Tranche-sur-Mer, b) 
La Guérinière – Noirmoutier island 

In other areas, Xynthia is not the most morphogenic storm. This reveals the importance of taking into 

account another more impactful event such as the storms Lothar and Martin. In the sector of La 

Guérinière (Noirmoutier Island) (Fig. 10-b), the retreats measured are greater after the December 

1999 storms than after Xynthia. The "Lothar and Martin" scenario is therefore the most relevant 400 

scenario to be taken into account. A difference of up to 9 m between the two scenarios is observed. 

For the Lothar and Martin scenario, the hazard strip extends to a depth of 20 m compared to 12 m 

for the Xynthia scenario. In the eastern part of this area, the shorelines’ projections to 2050 are 

located " in front of” the initial coastline. These sectors’s evolution trends have been positive since 

1950. Therefore, they won’t be in a situation of erosion by 2050. 

4.4. A Lmax definition based on two extreme events 

Noting that the December 1999 storms sometimes caused greater retreats than Xynthia, it seems 

relevant to take both events into account to define Lmax at a department level. Fig. 12 shows the 
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sectors that were most sensitive to either storm. These results can provide necessary information to 

analyse and explain the responses of the beaches to extreme events. 410 

For example, the 1999 storms caused greater retreats than Xynthia in the northern part of La Faute-

sur-Mer, with an average retreat of 18m and a maximum retreat of 25m (box, Fig. 11) compared to 

an average of 10m and a maximum retreat of 15m after Xynthia. 

 

Fig. 11: Maximum retreat due to extreme events (Lmax) in south of Vendée 

Fig. 12 shows, on the one hand, the maximum retreat value measured during the two events and, on 

the other hand, the percentage of sandy coasts impacted per town and per urban area, indicating the 

zones covered by a PPRL in the department. This table also includes the values for Yeu Island, which 

does not have a PPRL. We note that of the fourteen towns, four (Noirmoutier-en-île, l'Epine, la 

Guérinière and la Faute-sur-Mer) show a higher maximum retreat value for Lothar and Martin than 420 

for Xynthia. In most cases, the town or urban area with the highest retreat value also has the 

greatest impact. La Barre de Mont is an exception since, while the maximum retreat was measured 

after Xynthia, it was Lothar and Martin that affected a larger portion of the sandy coasts in this town 

(50.8% compared to 46.2% in Xynthia). 
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Fig. 12: Summary of the impact of storms per town and urban area 

5. Discussion 

In various studies, the shoreline’s projection to a given point in time is estimated only according to 

the historical dynamics of the shoreline. The works of Pereira et al. (2013) and Mukhopadhyay et al. 430 

(2012), offer methods for projecting the shoreline at various times based on the historical evolution 

in the Northwest coast of Portuga and on Puri Coast, Bay of Bengal. In various more recents studies, 

the shoreline’s projection to a given location in futur time is estimated according to the historical 

dynamic of the shoreline and sea level rise. Durand and Heurtefeux (2006) proposed a mathematical 

approach to fix the future shoreline location (site of Lido, in the Mediterranean Sea). This study was 

taken up by Suanez et al. (2007) and Cariolet et al. (2012) and applied to a few sites in Brittany). 

Other studies, on the contrary, only focus on the analysis of extreme events and their impact on 

sandy coasts. These works are mainly based on numerical and/or statistical modelling methods 

aiming to estimate erosion following a storm as proposed by Callagan et al. (2009) or Corbella & 

Stretch (2012a). In this study, the originality is the computation of the Lmax taking into account 440 

observations of shoreline location before/after an extrem event. This Lmax can be added to a 
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projection of a future shoreline taking into account the historical trend of the shoreline motion as 

recommended in the PPR or even be added to the historical trend coupled with the future sea level 

rise as recommended in studies already mentioned. The projection of the shoreline to which this 

Lmax is added thus allows the spatialization of a truly exhaustive erosion risk hazard strip. 

 

The impact of the two extreme events studied differs from one sector to another. This can be 

explained in particular by the different characteristics of each storm (waves, winds, and atmospheric 

pressure), the tidal conditions at the time of impact (tidal coefficients, time of tide), the 

morphodynamic and anthropogenic context (presence/absence of coastal defences, type of beach 450 

sediments, orientation and slope of the beaches). The work of Pereira et al. (2013) shows that 

coastline projection scenarios vary according to storm types. This work supports the idea that taking 

into account a single event is not sufficient to define the vulnerability of a sandy coast to extreme 

events. Indeed, this would be tantamount to considering only one category of storm. 

As these extreme retreat values have a direct impact on the elaboration of the erosion hazard strip, it 

is fundamental to question the possibility of taking into account several extreme events. In Vendée, a 

2007 study (DHI, 2007) considered the following Lmax values for the South Vendée sector (towns of 

Longeville-sur-Mer, La Tranche-sur-Mer and La Faute-sur-Mer): a maximum retreat of 20m applied to 

the entire South Vendée coastline (including behind the longitudinal structures) and an exceptional 

value of 35m in La Belle Henriette sector (Fig.11). These values are therefore included in the Coastal 460 

Risk Prevention Plans. Thus, contrary to the PPRL, which maintains a single Lmax value of 20 m along 

the entire coastline, we suggest keeping a retreat value calculated every 20 m in order to qualify the 

impact of storms on this shoreline, as shown in Fig. 7-c. 

Concerning the use of aerial images for the evaluation of Lmax, two biases can be mentioned. Firstly, 

the before and after storm aerial images used are spaced several months apart (14 months for Lothar 

and Martin and 10 months for Xynthia) on account of availability and spatial completeness. 

Therefore, this time interval does not allow for the measurement of regression due to a storm alone. 

Within a few months, other smaller events may affect the coastline and contribute to the shoreline’s 

mobility. In addition, the time between the storms’ occurrence and the images taken either 

immediately after or a few months later can generally affect the measurement of storm impact. 470 

However, even if traces of resilience are visible, we take into account the markers of storms’ impact 

(formation of erosion notches or cliffs) as soon as possible. 

Then, the shots following Xynthia were taken after the breach-filling work on the beach of La Belle 

Henriette. This work damaged part of the upper beach and the vegetated dune. As a result, the high 

retreat values measured in this area must be taken with caution. 

This work aims to improve the definition of the erosion hazard in PPRL maps based on observations. 

This land use planning document is legally rely on against third parties. It aims at protecting natural 

coastal area and above all limiting or even prohibiting urbanization when the hazard is high. It 

therefore seems necessary to highlight the weakness in the method applied in the PPRL and to 

propose other approaches to improve this protection zoning and ultimately encourage its updating. 480 

With this in mind, we compare our results with those of the PPRL in order to highlight the differences 

between the PPRL’s 100-year hazard strip and this study’s projection to 2050. Choosing 2050 allows 

us to reduce the uncertainty (see Method) and is well taken into account in the comparison of the 
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results. This comparison therefore shows significant differences, particularly on the Clémenceau 

beach in La Tranche-sur-Mer. Depending on the method chosen, the erosion hazard may be 

underestimated or overestimated. Thus, in this sector, the PPRL zoning "100-year horizon" 

underestimates the erosion hazard when compared to our hazard zone "2050 horizon". 

Four elements explain these differences: 1) The time frame used to define the historical evolution of 

the shoreline in this sector is 31 years in the PPRL (1975-2006) whereas it is 66 years in this paper 

(1950-2016). Consequently, the historical dynamics of the PPRL, between 1975 and 2006, do not take 490 

into account the accretion that occurred on Clémenceau beach (between 0m and +0.70m/year). 

Conversely, for the period considered here (from 1950 to 2016), we observe an average erosion rate 

of 0.20m/year. 2) The choice of the earliest date for both of the selected methods also conditions the 

analysis of the historical dynamics of the shoreline. To this end, in La Tranche-sur-Mer, urbanisation 

in the coastal strip began in the 1960s and contributed to the fixation of the shoreline. Consequently, 

a shoreline digitized in 1975 takes into account the property lines and thus biases the measurement 

of the historical evolution of the shoreline. 3) The difference between the two approaches is also due 

to the value of Lmax. Indeed, in La Tranche-sur-Mer, the Lmax used in the PPRL is 20 m for the entire 

coastline. With the method chosen in this article, we averaged all the transects’ Lmax values in this 

range and obtained a retreat of 8.2m during Xynthia. The maximum retreat is 12.4m. 4) The initial 500 

shoreline from which the projection to 2050 is made is also different (2006 in PPRL and 2016 in this 

paper). As a result, the shoreline between these two dates varies from 10 to 15 m on the whole 

beach (Fig. 13). Consequently, it would probably be appropriate to update the hazard zoning with 

more recent data. 

 

Fig. 13: Comparison of erosion hazard zones by 2050 and 2120. Clémenceau beach, La Tranche-sur-
Mer. 

6. Conclusion 
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This paper provides new proposals regarding the creation of erosion risk bands based upon 510 

observation, which could be considered in the revision of a PPRL if necessary, as a revision is 

expected in any case when a change in the level of risk is observed (MEDDE, 2014). Three suggestions 

are thus put forward:  i) updating the risk zoning using more recent data and taking into account 

observed trends, whether erosion or accretion ; ii) studying the impact of several storms to define an 

observed and measured Lmax  at any point along the shoreline in order to propose a Lmax locally 

calculated in steps of 20m corresponding to the maximum change actually caused by the strongest of 

the extreme events studied; iii) proposing shorter term (2050) shoreline projections (2050) that are 

reasonable in the context of climate change to reduce the margin of uncertainty. Greater precision in 

terms of spatialization of erosion risk may thus justify the updating of these regulatory coastal strips. 
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