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Le travail réalisé sur les données Lidar depuisdisrs'est articulé autour de deux axes
principaux :

1. L'élaboration d'une classification actualisée desystemes de barres d'avant-cote
du Languedoc-Roussillon, qui a aboutit & la réaligion d'un article pour 11"
International Coastal Symposium (ICS).

Les barres d'avant-cote sont en effet un acteugundpe la dissipation de I'énergie a la cote
et du stockage de sédiment. Elles reflétent, dhare les conditions d'agitations locales et,
d'autre part, les caractéres environnementaux des §entes, granulométries...). Une
synthése complete sur les données 2009 était rdweasin de pouvoir exploiter ensuite au
mieux le prochain levé Lidar 2011.

2. Le travail sur la validation des données Lidar 2009

Ce travail est la pierre angulaire d'une sérieraeatix qui vont en découler : comparaison
avec les levés bathymeétriques des derniéres dé@&ssnnomparaison avec les données
bathymétriques séculaires... En effet, le contddlealage en z et la marge d'erreur associée a

la mesure Lidar sont I'étape préliminaire a tous delculs qui vont suivre (calculs de
volumes, identification des zones en érosion etasgement, impact des ouvrages cotiers...).

|. Article ICS

Typologie des systemes de barres d’avant-cote du hauedoc-Roussillon

Ce travail va faire I'objet d'une conférence end'publication dont la référence est la
suivante :

N. Aleman, N. Robin, R. Certain, C. Vanroye, J.-PBarusseau and F. Bouchette,
2011. Typology of nearshore bars in the Gulf of Lins (France) using LIDAR
technology. Journal of Coastal Research, Sl 64 (Peceedings of the 11th International
Coastal Symposium), pg — pg. Szczecin, Poland, IS8N49-0208
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Une premiére représentation des typologies de dad'avant-cote en Languedoc-
Roussillon a été proposée par Barusseau et Sailly 1981) et Certain (2002) a partir de
lanalyse de jeux partiels de photographies aéeenet en s'appuyant sur des travaux
d'Akouango (1997) et Durand (1999). Néanmoins,téefiniques conventionnelles (topo-
bathymétrie, vidéo, photographies aériennes, inagetellite...) présentent des limites a la
fois spatiales (composante longshore, difficultébtEntion de données dans les faibles
tranches d'eau) et temporelles (uniformité longshet manque souvent de précisions. En
dépit de ces lacunes méthodologiques, des clagfins relativement robustes ont été
proposées dans la littérature (Wright et Short,4198ppmann et Holman, 1990; Aagaard,
1991; Short, 1992; Short et Aagaard, 1993; Sh@@6® Ferrer et al, 2009) et on conduit a
I'élaboration de modéles conceptuels de I'évoluties plages sableuses a une ou plusieurs
barres. D'autre part, de nombreuses études desenements coétiers sont basées sur des
études morphologiques de terrain en 2D et sur medeimériques réalisés longitudinalement
ou transversalement a la cote en supposant unermmitié longitudinale (i.e. Grunnet et
Hoekstra, 2004). Les deux approches semblent sitaplau vu de la complexité du systeme
méme si l'effort de synthese est a souligner. @Ransadre, la technologie LIDAR aéroporté
(LIght Detection And Ranging) est en mesure deirédtoncretement certaines de ces limites
tout en offrant un apercu complet des morphologiegrande échelle avec une précision
spatiale et verticale acceptable (Guenther e2@00).

Pour les systéemes a plusieurs barres, trois pangipétats de plage (dissipatives,
intermédiaires et réflectives) sont définis dandittarature (Wright et Short, 1984; Short,
2006) en fonction de parameétres environnementaesx plages de type intermédiaires ont été
divisés en quatre sous-états en relation avec asseéde I'énergie transmise au systeme :
Long Bar and Trough (LBT), Rythmic Bar and BeaclBB?, Transversal Bar and Rip (TBR)
et Low Tide Terrasse (LTT) (Wright et Short, 19&4ppmann et Holman, 1990, Short et
Aagaard, 1993). Ces classifications ont pu étre eld@$ en fonctions des marées
(introduction du parametre RTM; Masselink, 1993)d&nvironnements particuliers (Short
2006). Cependant, elles représentent une visiotiqeta et idéalisée de la nature. Les
processus associés aux changements morphologiguesies des transitions sont encore mal
compris (Castelle et al., 2007). Récemment, das éupplémentaires ont été identifiés dans
le systéme interne (Brander, 1999; Castelle e28@D,7; Shand, 2007; Wijnberg et Holman,
2007; Ferrer et al., 2009; Almar et al., 2010; €ldestet al., 2010b; Castelle et al., 2010a;
Robin et al., 2010).

L'objectif de cet article est de fournir la clagsition et la distribution complete et détaillée
des différentes morphologies de barres d'avantoisentes sur le littoral du Languedoc-
Roussillon. Ce travail a été réalisé a l'aide idealjerie Lidar acquise par la DREAL LR en
septembre 2009. Ce travail sera réactualisé et a@gu levé Lidar prévu en 2011, ainsi qu'a
des jeux de photographies aériennes plus anciennes.

LMUSCA (CEFREM) Rapport d'avancement N°1 Janvier 2011
3



APPORT DE LA TECHNOLOGIE LIDAR DANS LA MORPHODYNAMIQ UE DU MILIEU
LITTORAL SABLEUX EN LANGUEDOC-ROUSSILLON

[ Journal of Coastal Research_| SI 64 [ pg - pg [ IC52011 (Proceedings) [ Poland | 1SSN 0749-0208 |

Typology of nearshore bars in the Gulf of Lions (France) using LIDAR
technology

N. Aleman T, N. Robin 1, R. Certain f, C. Vanroye %, J.-P. Barusseau t and F. Bouchette

T CEFREM

(UMRb5110)

CNRS/University of Perpignan
52 av. P. Alduy

66860 Perpignan Cedex, France
nicolas.aleman@univ-perp.fr

{ DREAL-LR

Montpellier

520, allée Henri Il de Montmorency

34064 Montpellier Cedex 2, France
cyril.vanroye@ developpement-durable.gouv.fr

o Institute of Mathematics and Modelling
(UMR5149)

CNRS/University of Montpellier 2

Place Eugene Bataillon

34095 Montpellier Cedex, France
frederic.bouchette@math.univ-montp2.fr

ABSTRACT |

J8seee 200000
= N. Aleman, N. Robin, R. Certain, C. Vanroye, ].-P. Barusseau and F. Bouchette, 2011. Typology of nearshore
bars in the Gulf of Lions (France) using LIDAR technology. Journal of Coastal Research, SI 64 (Proceedings of

the 11th International Coastal Symposium), pg — pg. Szczecin, Poland, ISSN 0749-0208

A e

e e
et

:l"""

<

—

Nearshore bars are generally present on sandy coasts and play a significant role in wave breaking and exchange
of sediments between the beach and the shoreface. The study area is located on the Languedoc-Roussillon coast
in the Gulf of Lions (southern part of the French Mediterranean coast). This microtidal environment is classified
as a wave-dominated coast. The sand coast displays different bar systems (single or multiple; straight or
crescentic). The alongshore variability of bar morphology in the nearshore zone was investigated in August 2009
during one week, using a topo-bathymetric LIDAR data set (300 km2). LIDAR makes it possible to cover a large
area in a very short time with a high resolution. The topo-bathymetric LIDAR offers the added benefit of
morphelogical information about the beach-sea transition in very shallow water (below 1 m), data often difficult
if not impossible to obtain with traditional techniques. The purpose of this paper is 1) to depict the distribution of
bars and their characteristics along the 180 km coast of Gulf of Lions; 2) to update the classifications of sand
bars typologies in Languedoc-Roussillon; 3) to pay particular attention to the description of the intricate inner
system. Globally, cross-shore distribution of subtidal morphologies is characterized by an outer and an inner
system. The outer system is crescent-shaped in the south and straight in the northern part with a distinctive
regional delimitation. The inner system comprises an inner bar and, near the coast, a complex fluctuating bar
called Low Bar Beach (LBB). Several intermediate states have been identified and added to the new
classification proposed in this paper. These results clearly emphasize the importance of LIDAR technology for a
better understanding of bar behaviour and single and/or multi-bar beach organisation.

ADDITIONAL INDEX WORDS: LIDAR. Crescentic bar, straight bar, Languedoc-Roussillon

INTRODUCTION

Beaches have received a lot of attention in coastal sciences and
engineering because of their environmental, recreational,
residential and ecological importance. Nearshore bars are a
common feature in sandy coasts and are significant reservoirs of
sediment. These bars play a major role in wave breaking and
exchange of sediments between the beach and the shoreface. So
these large-scale features have strong consequences for beach
stability both to the short and long terms (Lippmann and Holman,
1990).

For one or multi-bars systems, three main beach states
(dissipative, intermediate and reflective) are identified in the
literature (Wright and Short, 1984) in relation to environmental
parameters. Intermediate beaches were further divided into four
sub-states in relation to a decreasing energy provided to the
system: longshore bar-trough (LBT), rhythmic bar and beach
(RBB), transverse bar and rip (TBR); and low tide terrace (LTT)
(Wright and Short, 1984; Lippmann and Holman, 1990; Short and
Aagaard, 1993). However, these classifications represent a static
and idealized vision of the nature. The processes associated with

morphological changes within the intermediate beach state
transitions are still poorly understood (Castelle et al, 2007).
Recently, additional states were identified in the inner system
(Brander, 1999; Castelle et af, 2007; Shand, 2007; Wijnberg and
Holman, 2007; Ferrer et al., 2009; Almar et al., 2010; Castelle et
al., 2010b; Castelle er al., 2010a; Robin et al., 2010).

Identifying nearshore morphological characteristics in a multi-
bar coast requires combined bathymetric survey (Certain and
Barusseau, 2005; Ferrer et al, 2009, Sénéchal et al., 2009},
photographic and satellite imagery (Barusseau and Saint-Guily,
1981; Lafon et al, 2004) or video records (Lippmann and
Holman, 1990; Wijnberg and Terwindt, 1995; Almar et al., 2010).
These data sets have their own spatial (alongshore magnitude,
difficulty to obtain data in shallow water), temporal (alongshore
uniformity)  and  accuracy  limitations.  Despite  these
methodological shortcomings, some conceptual classifications
were proposed in literature (Wright and Short, 1984; Lippmann
and Holman, 1990; Aagaard, 1991; Short, 1992; Short and
Aagaard, 1993; Ferrer et al., 2009) and result in single- and/or
multi-bar beach change models. From another point of view, a lot
of coastal research efforts are based on 2D morphological field
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and model studies carried out either in the alongshore or cross-
shore direction assuming an alongshore uniformity (Grunnet and
Hoekstra, 2004). Both approaches seem oversimplified. The
airborne LIDAR (Light Detection and Ranging) technology can
reduce some of these limitations and provides a full overview of
features over large scale with good spatial and vertical accuracy
(Guenther et al., 2000).

The aim of this paper is to provide a detailed and comprehensive
distribution of bar morphologies on the wave dominated sandy
coast of the Gulf of Lions (France) with LIDAR technology. The
typologies are described introducing a new synthesis in
accordance with conceptual models of the litterature (Wright and
Short, 1984 Short and Aagaard, 1993; Ferrer er al., 2009).

STUDY SITE

The study area is located along the Languedoc-Roussillon
coastline in the Gulf of Lions (southern part of the French
Mediterranean coast). It is a large unit that displays 200 km of
coastline with a wide set of morphologies and coastal
environments. The curviling coast is oriented North-South
between Argeles and Cape Leucate and South-West to North-East
between Cape Leucate and La Grande Motte (fig.1). The sand
coast displays different bar systems (single or multiple; straight or
crescentic) (Barusseau and Saint-Guily, 1981; Robin et al., 2010).

The most frequent wind on the area is north-westerly; but north-
easterly to south-easterly may prevail during winter storm
conditions. The whole area is microtidal, and characterized by a
very low tidal range (< 0.30 m at mean spring tide). Nevertheless,
high water level variations are observed in response to set-ups and
set-downs under the influence of wind and atmospheric pressure
fluctuations. Under specific conditions, set-ups can reach 1 m near
the shore (Certain, 2002) under the added action of waves. The
significant wave heights (Hs) is generally low (Hs < 0.3 m for
75% of the time at Sete, fig.1) with a peak period between 3 and 4
s. Wave heights larger than 2 m are observed only 10 % of the
time with peak period between 5-10 s; they come mainly from
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Figure 1. Location of the study site in the Gulf of Lions. The
sandy coast was cut in three parts: southern, central and northern.
The LIDAR survey concerned the narrow colored band in the
nearshore.

140-220°N associated with sea breeze. The field site is typical
wave dominated system (Certain, 2002).

Due to the geometry of the coastline, the residual littoral drift is
directed northward along the southern part (10 to 40,000 m*y)
and towards the South-West along the northern part (10 to
100,000m*y) (Certain, 2002; Brunel, 2010). The presence of
rocky headlands such as Mont St Clair at Sete, Cap d'Agde and
Cap Leucate (fig.1) causes total or partial interruption of
longshore sediment transports. Superficial sediments are well
sorted fine to medium sands (125-320 pm). However, significant
cross-shore variations are observed with a general seaward
decrease of grain size (Jago and Barusseau, 1981). Longshore
variations exist as well. The coarsest sediments are observed in the
vicinity of deltaic mouths and localized rocky plateaus in the
nearshore zone.

METHODS

A topo-bathymetric LIDAR survey of the Languedoc-Roussillon
sand coast was conducted from August 24™ to September 7™, 2009
at the request of the Direction Régionale de I'Environnement. de
I'Ameénagement et du Logement Languedoc-Roussillon (DREAL-
LR). A technical and expertise assistance were operated by the
Service Hydrographique et Océanographique de la Marine
(SHOM]}, (Vanraoye, 2009). This period was chosen because it
comes after the several weeks long summer period during which
coastal feature well stabilized.

The equipment deployed by EUROSENSE and FUGRO LADS
Corporation is the LADS Mk 1II, hosted on a Dash 8-202 flying
between 1200 and 2200 ft. The green laser (e.g. the bathymetric
beam) frequency is 900 Hz for a minimal spatial resolution around
5 m and a swath width of 240 m. For this survey, the space
between lines of flight was 220 m (overlap of 20 m between
lines). Transversal flight lines at the coastline were also performed
every 5000 m. The collected data extend from the eolian dune to
20 m water depth. The total area covered is 300 km® with 25
million measured points.

Three areas of bathymetric control were surveyed daily during
the whole LIDAR campaign. The pre-validation of measurements
was conducted by FUGRO LADS Corp. Furthermore, they made a
post-processing of the full dataset including self-made-man
corrections in  Adelaide (Australia) that was subsequently
controlled by the SHOM. Two local GPS stations were installed
for the campaign. The tide was specifically monitored at two
control points in Port-la-Nouvelle and Port Camargue harbours
(fig.1). Tide data from SHOM (Port-Vendres, Sete and Saintes-
Maries de la Mer (fig.1)) were used also.

RESULTS

The study area has been divided in three sections: the southern
part from Argelés to Cape Leucate, the central part from Cape
Leucate to Séte and the northern part from Séte to Port-Camargue
(fig.1). The splitting was based on the general morphology of the
sand bar systems: crescentic to the South, crescentic (inner Bar
(IB)) and straight (outer bar (OB)) in the center and straight to the
North.

From the observations performed by LIDAR. a conceptual
model of typology of the Languedoc-Roussillon bar systems is
presented in Figure 2. It enhances different classifications
proposed in the literature (Wright and Short, 1984; Lippmann and
Holman, 1990; Short and Aagaard, 1993; Ferrer et al., 2009). The
classical terminology was used (TBR, RBB, LET, LTT and D
geometry) but some features have been added to give a more
accurate description. For crescentic bars, a crescent presents
normally two horns. A configuration transition (TBR/RBB)
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Figure 2. General classification of bar typology observed in Languedoc-Rousillon, France (modified from Wright and Short, 1984 and
Ferrer et al, 2009). This classification is given for the inner bar, but is also applicable to the outer bar.

appears when one of the horns of a crescent is connected to the
coast or to the previous bar and not the other one (fig. 2).
Depending on their orientation with respect to the coast, the
crescents can be oblique or regular and can be disrupted or not by
rip channels (Ferrer et al, 2009). The RBB typology includes
High Points configurations when the horn is an important
depocenter and Well Marked configurations when the horn and the
bay have the same sizes (fig. 2 and 3).

A third bar called Low Bar Beach (LBB) was added in this
classification. It appears in very shallow waters (< Im) and is
always connected to the shoreline (fig. 2 and 3). This bar displays
complex features with a long platform that extend the beach and

small transverse bars that can occasionally be connected with the
IB (fig. 3a). Its offshore extent is only a few tens of meters unlike
LTT inner bars that reach 100 to 150 m (fig. 2). Its presence in
shallow water is easily identified with airborne LiDAR while its
observation was difficult with conventional techniques. This bar
was identified over 25 km of coastline, mainly in the central part
of the study area (between Leucate and Sete), but also
occasionally in the South (fig. 1). Its complete description will be
the subject of future study. Generally, it is difficult to draw a
distinction in the inner system between the two bars due to the
presence of remnants old bars. These remnants form high points
that can connect to the horns of the bars.

Table 1: Number of each type of crescentic bars for the southern part (from Argeles to Cap Leucate) and central part (from Cape Leucate to
Sete). The northern part is not shown because the bar system is almost linear. (IB: inner bar, OB: outer bar).

TBR RBB TBR/RBB ‘_]
) . High Points Well Marked . <t
Hegplar | Qbligie Regular | Oblique | Regular | Obligue Rl | Obligie S
co. | di. | co. [di.[remi] % [co. [di]ecoJdi[co. [di|co | di ewmi] % [[co [di]co [di]eoar] % | &
g‘_ Bla2o| 7| 4| -2 4167 [-|-]-[15|3|5]|-|30 3579 |1|4|-]14]|167]| 84
£ 8
= A m
& ol26 -3 | -[29|3B7]5 |- 1]-|16]-]56]| -] 27 31428 -2 |- | 30)349] 86
= Blat| -4 -2 197]33|-|49)-|5]|-|-|-]|87|[685]8]|-|7]|-]|15]118]127
ZE
@ A )
< ol bl |- -1- 282 --1-128(-1-1-130|83[5]-1]-1- 5 | 139] 36
IB: inner bar, OB, outer bar, co.: continue, di.: disrupted
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Table 2: Extension and percentage of each type of bar for the
cenfral part.

Crescentic Straight
IB km 66.9 11.4
% 854 14.6
km 10.1 68.2
oB % 12.9 87.1
IB: inner bar, OB: outer bar
———

Complex
inner
system

Alritude {m)

i & n‘

Figure 3. LIDAR imagery of Languedoc-Roussillon system bars
in the Barcares-Leucate region (fig. 1). (A) TBR/REB outer bar
and complex inner system with RBB inner bar exhibiting High
Point configuration and LBB. (B) TBR regular and RBB outer bar
displaying Well Marked configuration and TBR.

In the southern part (40.5 km of coastline), the inner bar (I1B)
and the outer bar (OB) are crescentics (fig. 3). The inner bar type
alternates between TBR (47.6%) and RBB (35.7%) with many
transitions forms TBR/RBB (16.7%) (tab. 1). Eleven disrupted
bars were identified in this section, principally between Canet and
Cape Leucate (fig. 1). The rip channels disruptions exhibit no
preferred orientation. To the South of Canet, and along this
segment strictly, the IB is LTT over 4.7 km of coastline. 23 LTT
bars were identified with an orientation towards the north in
relation with the dominant littoral drift. The outer bar typology is
equally distributed between TBR, RBB and TBR/RBE. Only
15.5% of the bars are oblique or dissymmetric with no specific
geographical location.

In the central part (78.3 km), the inner bar is mainly crescentic
(85.4% of the coastline). Straight bar configuration is observed on
11.4 km (14.6% of the coastline) (tab. 2). For the crescentic
configuration, the IB is principally REB (68.5%) or TBR (20%)
with 47% of oblique configuration (tab.1). Unlike the inner bar,
the outer bar displays mainly a straight configuration (87.1% of
the coastline) (tab.2). The morphology is LBT or D. Only 36
regular crescents (83.3% of RBB) were observed and located to
the North vicinity of Cape Leucate. In general, neither inner nor
outer bars are disrupted.

The northern part (69.4 km) is different from the previous ones.
To the West, the system presents a double straight bar
configuration (LBT or D). Eastward, 13 crescents were identified
near Palavas-les-flots (fig. 1). Along the Gulf of Aigues-Morte
(between Palavas-les-Flots and Port-Camargue (fig. 1)), the bar
system displays one bar (16.8 km, 24.2% of the coastline) then no
bar (8.2 km, 11.8% of the coastline) to the eastern end near Port-
Camargue (fig. 1). In this part of Gulf of Lions, the erosion is

strong and the sandy prism is reduced; the bedrock comes through
at 3-5 meters water depth.

DISCUSSION

The global distribution of bars (crescentic or straight, one or
multi-bars) along the Languedoc-Roussillon coast by LIDAR
technology is consistent with previous studies performed by
Barusseau and Saint-Guily (1981) with partial aerial photographic
data and summarized by Certain (2002). These features were also
identified thanks to classical typologies classification (Wright and
Short, 1984; Lippmann and Holman, 1990; Short and Aagaard,
1993; Ferrer er al., 2009), in spite on the fact that they depict static
and idealized states. News states were identified in the existing
literature (Brander, 1999: Castelle et al, 2007, Shand, 2007;
Wijnberg and Holman, 2007; Ferrer et al, 2009; Almar et al,
2010; Castelle er af., 2010b; Castelle et al., 2010a; Robin er al.,
2010). This work completes these observations and proposed a
new synthesis of the sand bar typology.

The inner system shows complex morphologies. It can consist
of one (inner bar) or two bars (inner bar and low bar beach) and
can presented different representation. During three years,
(Leucate beach, fig.1) similar morphologies to those proposed in
figure 2 were recorded at Leucate Beach (fig. 1}(Ferrer er al.,
2009). Although, the Lidar 2009 does not allow providing a
dynamic vision of the system, the configurations remain for a
significant time. These authors demonstrated that these new states
are transitional stages between idealized states of Short and
Aagaard’s classification. However, they can persist over long
periods (e.g. several months for the inner system up to several
years for the outer system) (Ferrer et al., 2009). Inner system
changes are driven by wave forcing changes, including Hs
threshold effect (1.5 m between RBB and disrupted RBB or 2.5m
between oblique TBR and oblique RBB for example), or wave
incidence. In most energetic environments, the transitions seem to
be faster (Castelle et al., 2007; Sénéchal er al, 2009; Almar et al.,
2010). Thus, as these transitional inner systems occur at many
places along the Languedoc-Roussillon coastline, they should
have some significant effect on wave propagation, current
circulation and exchange of sediments between the beach and the
shoreface. These morphologies must be taken into consideration
for a better understanding of sand bar system dynamics and their
possible modeling. The next LIDAR survey in 2011 will bring
some answers on their dynamics at a large spatial scale.

The 3D pattern of the bar system displayed in the Gulf of Lions
discards the 2D approach generally followed previously for field
and model studies under the longshore uniformity assumption
(Grunnet and Hoekstra, 2004). The close vicinity of various
patterns precludes also the only effect of causes like coastal
orientation and wave regime (Hs, direction). Other factors must be
evoked like the rapidly variable sediment reservoir available
revealed by seismic surveys (Certain et al, 20005), the average
slope of the shoreface, the granulometry of the sandy prism and
the substratum morphology (Akouango, 1997). Particularly,
regions deprived of sufficient sedimentary stocks can be very
sensitive such as in the Gulf of Lions (Certain, 2002; Certain et
al., 2005; Brunel, 2010). The slope values may also explain
locally the number of bars present and especially the appearance
of a third bar when the slope is low (Akouango, 1997). Similarly,
the particle size influences the number and organization of the
bars because it determines the bed shear stress necessary for the
movement of the sediment (Akouango, 1997: Aleman, 2009).
These parameters remains to correlate to propose a classification
and explanation of the different features highlighted in this study.
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Aleman et al.

This concept diverges from the current classifications which are
based solely on morphological and hydrodynamic parameters.
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En conclusion, I'analyse détaillée de l'imageridakiacquise en 2009 sur les basses cotes
sableuses du Languedoc-Roussillon a permis d'areglia connaissance des différentes
typologies de barres.

* Globalement, la distribution transversale des maolqgies sous-marines en
Languedoc-Roussillon est caractérisée par la pcésefun systéme externe assez
homogéne longitudinalement et un systéme interreudmp plus complexe. La
morphologie générale des systémes de barre sablévsdue régionalement : en
croissant dans la partie Sud d'Argelés au Cap lteuea croissant (barre interne) et
rectiligne (barre externe) dans la partie centtaleCap Leucate a Sete et rectiligne
dans la partie Nord de Séte a Port-Camargue. Casnaiions sont en conformités
avec les études antérieures (Barusseau et Sailty,Ai981; Durand, 1999; Certain,
2002)

» La description des différentes typologies observéas les barres d'avant cote du
Languedoc-Roussillon a aboutit & l'identificatidétats intermédiaires non-deécrits dans
les classifications classiques (Wright et Shor84t9.ippmann et Holman, 1990, Short
et Aagaard, 1993). Ces états constituent des étegresitoires entre les états les plus
fréquents de la classification de Short et Aaga@@d3). Toutefois, ils peuvent
persister sur des périodes de temps assez longesr(et al., 2009) et, par la méme,
avoir un effet significatif sur la propagation desdes, la circulation du courant et
I'échange de sédiments entre la plage et I'avageplCes morphologies doivent étre
prises en considération pour une meilleure commsibe de la dynamique des
systemes de barres sableuses et leur possible ipaiél.

* Le systeme interne présente une organisation vetagnt complexe. Il comprend en
effet une barre interne et une barre fluctuanteptexe encore plus pres du rivage : la
Low Bar Beach (LBB). Cette derniere apparait dasselaux trés peu profondes (<1m)
et est toujours reliée a la cote. Cette barre reahis caractéristiques complexes avec
de longs plateaux sableux dans le prolongementadpldge et de petites barres
transversales qui peuvent parfois étre connectdasharre interne. Sa présence dans
les faibles tranches d'eau est facilement idebtdigrace a I'imagerie Lidar tandis que
son observation était difficile avec les techniqdessiques. Son étude détaillée n'a pas
encore été realisée.

* La zone interne laissent également apparaitre alesszd'accumulation sableuse entre
la barre interne et la barre externe, et pouvar &tttaché a I'une ou l'autre. Ces
morphologies singulieres semblent pouvoir étrenaigses a des reliquats de barres
détruites lors d'un épisode de forte agitatione€lendent I'étude du systéme interne
encore plus délicat.

» Toutes ces observations ont conduit a I'élaboratlone classification des typologies
de barres d'avant-cote en Languedoc-Roussillonte @Gassification se base sur les
classifications classiques (Wright et Short, 198@pmann et Holman, 1990, Short et
Aagaard, 1993; Ferrer et al., 2009) tout en intdéigtes différents états transitoires
observés par imagerie Lidar.

Ces résultats mettent clairement l'accent sur dmamce de la technologie LIDAR pour
une meilleure compréhension du comportement etodgahisation des systemes de barres
d'avant-cote a une ou plusieurs barres.

LMUSCA (CEFREM) Rapport d'avancement N°1 Janvier 2011
9



APPORT DE LA TECHNOLOGIE LIDAR DANS LA MORPHODYNAMIQ UE DU MILIEU
LITTORAL SABLEUX EN LANGUEDOC-ROUSSILLON

[l. Validation des données Lidar

Une procédure de validation des données Lidar areggagée dés le début du travail. Elle a
pour objectif de déterminer la qualité et la priérisdes données Lidar par rapport aux
techniques d'acquisition topo-bathymeétrique clagsqg(sondeur multifaisceaux, sondeur
mono-faisceaux, couplage avec DGPS RTK...). Ent,efiégme si le SHOM a validé
contractuellement la mesure réalisée par le pestatomme compatible au cahier des
charges établis (+/- 20 cm, soit 40 cm maximumcdititude au large), la marge d'erreur
réelle a considérer reste a déterminer. De plusagail permettra de statuer sur la possibilité
de correction des données Lidar dans les zonefleopairrait présenter un biais. Ce travail
est en cours de finalisation.

Comparaison Lidar 2009 / Sondeur Multifaisceaux sl& plage du Racou

Les données Lidar ont été comparées aux donnéssndieur multifaisceaux 2007 de la
plage du Racou a Argelés-sur-Mer (Mission UPVD Courp). Cette zone est bien connue et
pris comme zone test en raison de la présencelediaments rocheux stables. Cette
comparaison montre que 80% des mesures ont un cmagris entre +/- 30 cm avec une
différence moyenne de -8 cm (fig. 1). De plus, tsesve que les données ont un écart tres
faible au-dela de la profondeur de fermeture delale ainsi que sur les pointements rocheux
(<10 cm, fig. 1). Ces constations montre la bonmeétation entre les données Lidar et les
données de sondeur multifaisceaux recalées damsélae référentiel altitudinal (NGF-
IGNG9).

Profondeur (m)
)

8 01 z
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120 A o g
o o & i
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Figure 1: carte différentielle Lidar/Sondeur Multif aisceaux de la plage du Racou a Argelés-sur-Mer.
Profils SMF et LIDAR sur la plage du Racou. En noir la courbe des écarts entre les deux données,
I'encadré vert représentant un écart de +/- 0.3 m.
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Comparaison Lidar 2009 / Sonde SHOM 1895 sur lepgaocheux

Les données d'imageries Lidar ont également étépadras aux sondes bathymétriques
relevées par le SHOM en 1895 (Brunel, 2010) dansaldre d'une étude sur les bilans
sédimentaires a long terme de I'avant-c6te du Ghifeion (collaboration avec le CEREGE).
Dans un souci de précision, seules des zones paésates affleurements rocheux ont été
étudiées :

- La plage du Racou
- Le cap Leucate
- Le cap d'Agde

Une carte différentielle a été réalisée pour chazpree étudiée (fig. 2). Elle montre une

bonne corrélation des deux jeux de données audedia profondeur de fermeture de la houle
ainsi que sur les crétes rocheuses avec des éoartsis entre 30 cm et 50 cm.

|

Cap d'Agde

Moyenne : 0.28 m

Plage du Racou o N

Figure 2: cartes différentielles Lidar/Sonde 1895 dl Cap d'Agde, du Cap Leucate et de la Plage du Rago
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Une comparaison point par point a été réalisé salgges crétes rocheuses bien identifiées
a un siécle d'écart (fig. 3). Les résultats montders écarts de +/- 17 cm pour le Racou, +/- 47
cm pour Leucate et +/- 10 cm pour Agde. Les donriédar et sonde 1895 sont donc
comparable avec une marge d'erreur de seulemen24+iem. Le travail sur les bilans

sédimentaires séculaires peut donc étre initié.
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Figure 3: graphique de comparaison des données Lidgar rapport aux sondes 1895 pour la zone du Cap

d'Agde, du Cap Leucate et de la plage du Racou
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Synthese des observations sur le calage en z deséabs Lidar.

La comparaison des données Lidar 2009 avec lesédsntie sondeur multifaisceaux sur
une zone stable montre une trés bonne corrélative &s données (+/- 10 cm). De méme,
les sonde 1895 du SHOM ne présente un écart qué @d cm. Cette étude montre donc la
bonne précision altitudinal des données Lidar.

Cependant, une comparaison a des données topaxmtigue au DGPS RTK a été
effectuée par Mathieu GERVAIS (These BRGM/UPVD) rebntre des écarts d'altitude
relativement important. En topographie, le maillaggortant (5x5m) de la donnée Lidar
semble étre a l'origine d'un lissage des profils. Eathymétrie, les écarts augmentent en
fonction de la profondeur et plusieurs phénomermesrpient I'expliquer (turbidité de l'eau,
reflectance du substrat, granulométrie...) sand'gueuisse actuellement statuer sur leur part
respective.

En conclusion, il est donc primordial de poursuilréravail sur la validation des données
Lidar et de I'étendre spatialement a I'ensembl&alfe du Lion (comparaison avec des levés
bathymétriques et topographiques au DGPS RTK)rdwail de récupération de ces données
(UPVD, DREAL, EID, SHOM) a déja été effectué. Ladiité de ce travail est de tenter de
trouver des moyens de corrections lorsque que tenéks Lidar présente un biais et en
deéfinitif, d'établir une marge d'erreur applicaéli totalité du jeu de données.

Dans tous les cas, il est nécessaire de prendreadpsesent en considération ces
observations pour le vol Lidar 2011. La réductianndaillage des points de mesure pourrait
résoudre les probléemes rencontrés en topograpbig. IB partie immergée, la collecte de
données sur la turbidité de I'eau (disque de Spachcours de la mission serait un plus pour
la validation et, si possible, la correction desmies Lidar.
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