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Abstract. Giens double tombolo linking Giens island to the mainland is a unique
geomorphological formation in the world. However, its existence has been threatened by coastal erosion, especially in the eastern part of this tombolo. The investigation of historical shoreline changes along the eastern Giens tombolo were
carried out applying the integration of satellite remote sensing and geographic
information system (GIS) techniques. Additionally, the combination of the Digital Shoreline Analysis System (DSAS) and linear regression method was used to
predict the location of future shorelines. The results obtained from the analysis of
shoreline position showed that the average annual change rate along the eastern
Giens tombolo varied around +0.18 m/yr during the duration from 1973 to 2015,
revealing a general progradation trend. Even though accretion is dominant, there
are some local areas undergoing severe erosion. The most severely vulnerable
areas were Les Cabanes du Gapeau, the south of Ceinturon, Pesquiers, and the
north of La Capte with the maximum change rates of −1.05 m/yr, −0.77 m/yr, −
0.44 m/yr, and −0.29 m/yr, respectively. The change analysis of shorelines in 2020
and 2050 also reveals these severely eroded areas. On the other hand, this work
demonstrates that both natural factors and human activities are the main causes of
the shoreline changes in the eastern Giens tombolo.
Keywords: Giens tombolo · Erosion and accretion · Satellite images · GIS ·
Shoreline prediction

1 Introduction
The shoreline is the boundary between coastal land and the water body, where its shape
and position changes continuously occur due to dynamic natural conditions and anthropogenic interventions [1]. The shoreline change normally induces coastal deposition
or erosion, which is decided by the dominant processes acting on the shoreline. Both
accretion and erosion issues greatly influence human lives, agriculture and aquaculture,
natural resources, and waterway transport activities along the coastal zone. Therefore,
shoreline mapping and change detection are essential tasks [2]. Over the years, several
approaches have been developed to detect and monitor the shoreline evolution. They
can be classified into four types. Firstly, the ground field surveying was used as the
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only method for generating the shoreline maps. This method can obtain high accuracy
of measurement, but is costly and time-consuming [3]. Next, the historical maps were
used to provide a historical record, which cannot be found in any other data sources.
However, it also contains many potential errors related to historical coastal chart or
maps. As the aviation industry evolved, aerial photographs have been applied to provide
sufficient pictorial information. The major disadvantages of this approach are the low
frequency of data acquisition, limited temporal coverage, and costly as well as timeconsuming in the photogrammetric procedure. Additionally, the minimal spectral range
of these photographs can induce errors in shoreline extraction [4]. From 1972, Landsat
remote sensing satellite images combined with GIS techniques provide another highly
efficient solution for shoreline mapping. The main advantages of this method are not
time-consuming, timely and large ground coverage, inexpensive implemented cost, and
have frequent data updates. These are also the main reasons why this technology is
increasingly used in investigating and monitoring shoreline changes [1].
The double tombolo of Giens lies on the coast of South East of France, between the
Gulf of Giens and Hyères bay (Fig. 1). Its shoreline has suffered the drastic changes due
to the impact of both natural factors and human actions. Based on the study on the coastal
and submarine sedimentology, Blanc [5] uncovered that the sediment transport was done
mostly under the east wind, from east to west coast and from north to south along the
eastern tombolo. Jeudy De Grissac [6] conducted a series of the field granulometric
experiments in combination with the field wind and wave analyses to establish the map
of current in Giens and Hyères bay. In the bay of Hyères, the waves generate the longshore
current first directed from east to west and from north to south. This drift and notable
fluvial Gapeau formed the eastern tombolo of Giens. Besides, by using aerial photographs
taken from 1955 to 1972, he concluded that the eastern branch of Giens tombolo was
threatened in some places and more particularly between the mouth of Gapeau and
La Capte river. This erosive phenomenon could be caused by the implementation of
transverse structures (port, jetty, and groynes) stopping the longshore drifts from east to
west and from north to south. GEOMER [7] conducted a diachronic study of the coastline
by photo-interpretation at the right of Les Cabanes du Gapeau from 1954 to1993 and
also noted an almost continuous decline of the coastline from the mouth of Gapeau river
to approximately 800 m south with the change rate of −1.5 m/yr, especially a remarkable
decline of −40 m between 1969 and 1975. Capanni [8] investigated the shoreline changes
of the eastern branch by using aerial photographs as well as some results of field surveys.
The results of his study showed that the southern part of Gapeau river mouth, Ceinturon
beach and Pesquiers beach experienced the retreat with an average change rate of −
0.68 m/yr, −0.35 m/yr, and −0.1 m/yr, respectively; whereas the remainders along the
eastern tombolo were accreted with an average change rate of +0.26 m/yr between 1972
and 2003. Recently, Vu [9] reported that the regression of Posidonia might increase in
wave height, current speed, and shoreline change rate along the coast of Giens tombolo.
In this paper, we present a methodology to quantify the shoreline evolution from 1973
to 2015 and anticipate the position of the future shoreline, using the Landsat satellite
images and GIS techniques. This technique shows to be of a comparable accuracy to the
existing ones, while the data it relies on is freely available and has a regular and frequent
update, also, is available worldwide.
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Fig. 1. The map of the study area and annual swell rose.

2 Study Area
The eastern branch of Giens tombolo directly faces Hyères bay. It is bounded on the north
by Gapeau river mouth and on the south by La Badine beach, approximately about 10 km
[10]. For analysis purposes, the eastern branch is divided into five zones, the presence
of artificial structures, and river mouths, created different morphological characteristics
for each zone (Fig. 1). The first zone lies between the Gapeau river and Roubaud river
extending about 1.95 km. It is accreted by the largest sediment volume from the Gapeau
river, especially after the upstream jetty was constructed at the Roubaud river mouth
from 1955 to 1960 [11]. The second zone of 1.925 km length is limited by the Roubaud
river and the Hyeres port, adjacent to the road of DR 42. Its shoreline evolution is being
dominated by anthropogenic interventions such as groynes, rock-fill revetments and
breakwaters. Like the second zone, the shoreline of the third zone from Hyeres port to
La Capte port is interrupted by some groynes which were installed to protect Pesquiers
beach. This is also the shortest zone with only 1.4 km length. The fourth zone extends
the entire La Capte beach with a total length of about 1.625 km. In the northern part of
this zone, the concrete seawall was implemented to prevent erosion due to waves. The
last zone, 1.7 km long, covers all Bergerie beach and La Badine beach.
Three main wave directions frequently influence the Giens tombolo. The most frequent direction (36.9%) is western. The wave height of these western waves varies from
0.5 to 2.5 m in 75% of observation cases. The second frequent direction is southwest
with frequency of 28.8%. Although these low energy waves usually occur with heights
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of less than 1.25 m and periods of about 6 s in 77% of observation cases, they mainly
affect the beach evolution in the western tombolo. Conversely, the southeastern waves
with frequency of 19.1% of total regime play an essential role in the shoreline evolution
of the eastern branch. The weight and period of these waves approaching the study area
are about 2 m in 31% of cases and more than 6 s over 25% of cases, respectively. Because
of the low tidal variation of less than 0.3 m, waves play a decisive role in the shoreline
evolution of of Giens tombolo [12].
Gapeau river and Pansard-Maravenne river, away from Giens tombolo about 6 km
north and 11 km north-east, respectively, are two primary sources supplying the sediment
for the study area. The longshore currents induced by the oblique waves have the great
impact on redistributing sediment on the coast of Giens tombolo. Nevertheless, a large
amount of the longshore sediment drifts is blocked by the transverse structures, viz.
Port, jetty, and groynes, and part of them is also caught by the seagrass meadows of
Posidonia [13]. Most of Hyères bay bed is covered with coarse sand derived mainly from
organic products, particularly important the seagrass of Posidonia [6]. A decrease trend
of sediment size is found and coincided with the longshore current direction [11]. From
the mouth of Gapeau to the port of Hyères, the sediments are refined into southbound
(an average grain of 0.65 to 0.25 mm). Between the mouth of Roubaud and the port
of Hyères, the size refinement is accompanied by a marked reduction of the pebble
percentage (from 34% to 0%) as well as improved sorting (from 1.2 to 0.8 ϕ with ϕ
is the Krumbein phi scale) in agreement with the dominant longshore drift. From the
port of Hyères to la Capte, the sediments are coarser (medium grain often greater than
0.5 mm), moderately sorted (0.8 to 1.2 ϕ), with a high concentration of pebbles (from
23–54%), which could here also come from inherited supplies or the dismantling of
works [8]. From la Capte to la Badine, sediments are finer (0.25 mm), better sorted (0.35
to 0.4 ϕ) and the percentage of pebbles is reduced (40% at la Capte to 0% at la Badine).

3 Methodology
3.1 Data Acquisition and Preprocessing
In this study, Landsat 1 MSS (Multispectral Scanner), Landsat 4 TM (Thematic Mapper), Landsat 7 ETM + (Enhanced ThematicMapper), and Landsat 8 OLI (Operational
Land Imager) satellite images between 1973 and 2015 were acquired for extracting the
shorelines. The image selection was based on some important criteria. Firstly, all the
high-quality satellite images has been selected at the same time during the summer with
the aim of eliminating the effects of storm surge and sea-level rise due to waves; only the
images with cloud cover less than 10% have been selected [14]. The details regarding
satellite data are presented in Table 1.
After downloading, the Landsat satellite images normally many defects, viz. Radiometric and geometric distortion, wedge-shaped gaps, existence of noise, etc., caused by
the altitude and attitude variations or velocity of the sensor platform [15]. Therefore,
the preprocessing procedures including radiometric calibration, atmospheric correction,
gap filling, pan-sharpening, and geometric rectification, need to be conducted to enhance
the quality of image before being used as map bases.
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Table 1. Details of Landsat satellite images used for this study.
Local time (GMT + 1)

No

Satellite/sensor

Acquired date
(dd/mm/yyyy)

Resolution (m)

1

Landsat 1 (MSS)

1/3/1973

9:51

79

2

Landsat 4 (TM)

27/08/1988

9:47

30

3

Landsat 7 (ETM+)

28/08/2000

10:08

15/30

4

Landsat 7 (ETM+ )

18/08/2008

10:06

15/30

5

Landsat 8 (OLI)

30/08/2015

10:17

15/30

Firstly, all Landsat images were radiometrically calibrated and then converted to
reflectance values. The 6S model were used to correct the reflectance values of each
date atmospherically [16]. The atmospheric conditions, target and sensor altitude, band
definitions, concentration and aerosol model, azimuth as well as zenith angles of the sun
and sensor are the input parameters of this model [17].
Moreover, a failure of the Scan Line Corrector (SLC) created wedge-shaped gaps
on both sides of all Landsat 7 ETM+ images. Thus, a gap filling preprocessing step was
done by using the NASA Landsat gapfill tool linked to ENVI software program. The
spectral data across gaps in SLC off images was interpolated from a gap free image [2].
After gap filling, the satellite images were increased the resolution through pansharpening step, but still maintain the spectral imagery quality. The Landsat TM and
Landsat MSS images were resampled by using nearest neighbor and 1st order polynomial
transformation into 15 m resolution. Moreover, the Landsat 7 ETM+ and Landsat 8 OLI
multispectral images were sharpened to match the panchromatic band (Band 8) with the
highest resolution of 15 m and obtained new images with the resolution of 15 m. The
Gram-Schmidt algorithm in ENVI software based on principal component analysis was
used to sharpen these satellite images.
In the last step of preprocessing, all satellite images were geo-referenced to
WGS_1984_UTM_Zone_49N map projection system in ENVI software. At least 6
Ground Control Points (GCP) was distributed and positioned throughout the spatial
area of satellite image. The image rectification accuracy is assessed using the Root mean
square error (RMSE) of less than 0.8 pixels.
3.2 Shoreline Extraction
Up to now, some approaches have been created and developed to extract the shoreline
from optical imagery, such as a single band method, the histogram thresholding method,
the band ratio method, or a combination of these methods. However, the main difficulties
of these methods are time-consuming, and the shoreline tends to move towards water in
some coastal areas [4]. Recently, a new technique for extracting the shoreline, which is
relatively simpler to implement than others, is the automatic technology of edge detection
[18]. The most outstanding advantage of this method is that supplies the clear boundary
between the land and the water in a short period of time. In this study, the exact shoreline
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was obtained by using the Matlab code programmed based on the Canny edge detector
algorithm. This algorithm allows to localize well-optimizing detection localization [19].
Normally, the edge of the satellite image corresponds to the discontinuity of the image
grey value. Therefore, the pixels in the land-water boundary will be determined by using
the Canny edge detector algorithm if their grey values have relatively large changes [20].
An appropriate color composite which distinguishes clearly the boundary between water,
soil and vegetated land can be used to extract the shoreline from the satellite image. The
previous works showed that the best color composites include RGB (Red Green Blue)
5-6-7 for Landsat 1 MSS images, 5-4-3 for Landsat 4 TM and 7 ETM+ images, and
6-5-2 for Landsat 8 OLI images. These color composites not only nicely enhance the
objects but also they are easily digitized. The files of digitized shorelines are in shape
format for further analysis in DSAS version 4.3 which is an ArcGIS extension.
3.3 Shoreline Change Analysis
For quantifying the shoreline evolution along the coast of the eastern Giens tombolo,
several methods were available in DSAS. However, only the End Point Rate (EPR) and
Linear Regression Rate-of-change (LRR) methods were used in this study. Two different
approaches are utilized to compute the coast change, viz. EPR analyzing the short term
changes in the period of 1973–1988; 1988–2000; 2000–2008; and 2008–2015, while
LRR evaluating the long term changes between 1973 and 2015 as well as predicting
future shoreline movements of 2015, 2020, and 2050. In this case, the onshore baseline
was generated at a location approximately 100 m back from the shoreline of 2015. From
the initial settings, a total of 347 transects were created along the eastern tombolo and
perpendicular to the baseline. Each transect is about 200 m long and spaced about 25 m
evenly. From there, DSAS may estimate the coordinate of the intersection points between
shorelines and transect lines as well as other statistical results. Consequently, the data
calculated from each transect were used to evaluate the rate of shoreline changes (m/yr).
The intersection points between transects and multi-temporal shorelines were computed by DSAS to input into the linear regression Eq. (1) to predict the position of
shoreline in the future. Using the linear regression method to determine shoreline position change rate will eliminates not only potential random error but also short term
variability [21]. This method is based on the assumption that the observed periodical
rate of shoreline change is the best estimate for the prediction of shoreline position in
the future. Nevertheless, it does not consider wave interference or the sediment transport
[22] because the cumulative effect of all the underlying processes are assumed to be
captured in the historic position of shoreline [23].
y = a.x + b
Where:
y: The distance from baseline,
x: Date of the shoreline,
a: The rate of shoreline change calculated as follows:



n ni=1 xi .yi − ni=1 xi . ni=1 yi
a=


n ni=1 xi2 − ( ni=1 xi )2

(1)

(2)
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yi : The distance from shoreline at date of x i to baseline,
n: The number of shorelines,
b: Constant computed as follows:

n
1 n
yi − a.
xi
b=
i=1
i=1
n
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(3)

Cross-validation of the predicted historical shoreline locations is used to determine
the predictability and the quality of the model. Specifically, the accuracy of the predicted
shoreline position of the zone 2 in 2015 was proved by validating to the extracted
shoreline from the satellite image of 2015 (Fig. 2). Root Mean Square Error (RMSE) was
calculated to assess the accuracy of the predictions. The overall RMSE error calculated
for the whole shoreline of zone 2 was found approximately 6.57 m. Furthermore, the
regression coefficient of R-squared is estimated about at 0.981. It is seen that the value of
errors shows better agreement with measurement result. Therefore, the linear regression
method could be used to estimate the position of shoreline in the future.

Fig. 2. Comparison between the shoreline extracted from the satellite image and the shoreline
predicted by Matlab code in 2015.

Before conducting any analysis, some main sources of error which can greatly affect
the precision of shoreline position and consequently rate of shoreline changes should be
calculated. They are classified into two categories including positional and measurement
uncertainties. Two positional uncertainties, viz. Seasonal error E s , and tidal fluctuation
error E td , are associated with the features and phenomenon deceasing the precision and
accuracy of defining a shoreline position in a given year; whereas three measurement
uncertainties, viz. Digitizing error E d , rectification error E r and pixel error E p , are related
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to the approach and skill [24]. These errors are random and uncorrelated [24], hence the
total errors, U t , is defined by the square root of the sum of the squares of the different
errors:

2 + E2 + E2 + E2
Ut = ± Es2 + Etd
(4)
p
r
d
Where seasonal error, E s , was determined as the shoreline position differences
between the spring and fall and ranged around ±5 m [25]. The tidal fluctuation error,
E td , could be omitted because a variation of tide in the study area is quite small and less
than 0.3 m [26]. Regarding the digitizing error E d , it was estimated at ±12 m for 1973,
±6 m for 1988 and ±3 m for remainders based on the results of the pan-sharpening
process [27]. Next, the rectification error, E r , was calculated from the geo-referencing
process. Finally, the pixel error E p , was considered the same value for all satellite images
and about ±5 m [11].
The annualized error of rate of shoreline change at any given transect was estimated
as follows [28]:

2 + U2 + U2 + U2 + U2
Ut1
t2
t3
t4
t5
(5)
Ua = ±
T
2 , U 2 , .. U 2 are the total error of shoreline position for the different year
Where Ut1
t2
t5
and T is the total year of analysis.
The maximum annualized error estimated for individual transects is approximately
±0.72 m/yr (Table 2).

Table 2. Estimated potential errors for historical shoreline position in the period from 1973 to
2015.
Type of errors

1973 1988 2000 2008 2015

Seasonal error (E s )

5

Tidal fluctuation (E td )

0

0

Digitizing error (E d )

12

6

Rectification error (E r ) 12

9.9

Pixel error (E p )

5

5

Total error (U t )

18.39 13.57 10.67 13.25 10.23

5

5

5

5

0

0

0

3

3

3

7.35

10.8

6.75

5

5

5

Annualized error (U a ) 0.72 m/yr

4 Results and Discussion
4.1 Historical Shoreline Change During the Period from 1973 to 2015
For zone 1, the rate of change was investigated over 79 transects (No. 1-79) and observed
both accretion and erosion, but most of transects exhibit accretion except the period from
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2008 to 2015 (Fig. 3). The accreted realms are fed by the Gapeau river. In the period
from 1973 to 1988, the shoreline advanced with the change rate of +1.02 m/yr, but
the erosion pattern was dominant between 1988 and 2000. In this period, the northern
shoreline (Transects 1–46) was declined with the maximum change rate of about −
3.81 m/yr (Table 3) perhaps attributed to the action of southeastern waves. In order to
reduce the decline of shoreline, the 500 m rockfill revetment was implemented from
the Gapeau river mouth to downstream in the period from 1995 to 2000. Meanwhile,
the southern part (Transect 47–79) was accumulated because the longshore sediment
transport was blocked by the jetty of the Roubaud river. The presence of revetment
maintained the stable condition of shoreline for accreting during the period from 2000
to 2008 period except for few transects. The maximum progradation rate of about +
4.36 m/yr appeared nearly Transect 5. Nevertheless, the positive trend was changed
entirely to the negative trend between 2008 and 2015. All shoreline suffered erosion
at a mean retreat rate of −1.35 m/yr. The main reason for this phenomenon may be
due to the shortage of sediment from the Gapeau river. On the other hand, the overall
shoreline changes from 1973 to 2015 are depicted in Fig. 4. It is showed that erosion is
reported from Transects 4 to 24 (immediately downstream of revetment) with the highest
change rate of −1.05 m/yr. In contrast, accretion is observed from Transects 25 to 79 at
the highest accumulation rate of +1.35 m/yr. More than 72% of transects in this zone
exhibit moderate accretion.

Fig. 3. Location of historical shorelines and rate of shoreline change of Zone 1 (Transects 01–79)
using the EPR method in over the period of 1973–2015.

In zone 2, the result of short-term analyses reveals that both accretion and erosion are
observed in many places. The shoreline changes during each period were estimated for 78
transects (No. 80-157) and shown in Fig. 5 as well as Table 3. Between 1973 and 1978, the
northern shoreline of this zone, viz. Ceinturon beach, was subject to severe erosion with
the highest change rate of −2.27 m/yr. This shoreline decline has been mainly attributed
to the sediment deficit due to the main longshore sediment transport stopped by the jetty
of Roubaud port and the strong impact of the Southeast waves. In order to trap of sediment
and limit erosion, four groynes were implemented in this area during period from 1978
to 1982. Conversely, the southern shoreline from Transect 128 to 157 continuously
advanced seaward from 1973 to 2008, probably due to the upstream breakwater of
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Fig. 4. Rate of shoreline change of Zone 1 (Transects 01–79) using the LRR method in over the
period of 1973–2015.

Hyeres port which stopped the north-south sediment transport. The presence of the
groynes and breakwaters in this realm modified the position of shoreline in the positive
trend. The percentage of accretion transects was increased from 46% in the period from
1973 to 1988 to 84% in the period from 1988 to 2000. The groynes have induced both
negative and positive effects. They could lead to localized beach accretion, but severe
erosion occurred at several places in downstream. In particular, between 1988 and 2000,
the shoreline advanced seaward from transects 80 to 107, but the retreat of the shoreline
was observed from transect 107 to 125. After that, 92% of transects manifest accretion
in 2000–2008 because of annual beach nourishment [8]. However, the positive trend
was entirely changed to the recession mode in the period of 2008–2015. The shoreline
retreated landward at the mean change rate of approximately −0.6 m/yr. In parallel with
the mentioned-above short-term analyses, the shoreline changes of this zone were also
carried out throughout the long-term analyses of 1973–2015. It is noted that both erosion
and accretion occurred along the shoreline (Fig. 6). The maximum retreat and deposition
rates are −0.77 m/yr and +2.08 m/yr, respectively. Erosion occurred at transects 105-135
in the south of the groynes, whilst accretion is reported in the remainders. The increase
of erosion in this zone directly threatens the existence of the RD 42 road. This decay is
triggered by the combination of action from southwest waves as well as the deficit of
sediment due to the upstream groynes and jetty.
For zone 3, from Transect 158 to 213, the results of short-term analysis indicate
that the shoreline of this zone was both eroded and accreted, but accretion is dominant
(Fig. 7). Furthermore, the shoreline evolution is very complex due to the disturbance of
the groynes distributed along the coast of this zone. In the period from 1973 to 1988,
the erosion predominantly dominates with more than 92% of transects with the highest
change rate of −2.14 m/yr. Subsequently, this negative trend was turned to positive in the
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Fig. 5. Location of historical shorelines and rate of shoreline change of Zone 2 (Transects 80–157)
using the EPR method in over the period of 1973–2015.

Fig. 6. Rate of shoreline change of Zone 2 (Transects 80–157) using the LRR method in over the
period of 1973–2015.

periods from 1988 to 2000 and from 2000 to 2008 with mean change rates of +0.24 m/yr
and +0.91 m/yr, respectively. The progradation area of this zone was slightly decreased
in the period from 2008 to 2015. In this duration, solely 62.5% of transects exhibit
accretion. Nevertheless, the long-term analysis demonstrates that erosion is dominant
from 1973 to 2015 (Fig. 8). The negative trend results in not only the shortage of sediment
due to the presence of the breakwaters in Hyeres port but also to the wave action. This
is an area of convergence of orthogonal west wave and correspondingly contributes to
an increase of its energy, particularly near the vicinity of Hyeres port. Around 73%
of eroded transects are reported in the northern part of this zone, while about 27% of
deposited transects concentrated in the southern part. The highest retreat rate of about −
0.44 m/yr often occurs round Transect 158 and the highest deposition rate of +0.46 m/yr
is recorded near Transect 210–213 (Table 3).
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Fig. 7. Location of historical shorelines and rate of shoreline change of Zone 3 (Transects 158–
213) using the EPR method in over the period of 1973–2015.

Fig. 8. Rate of shoreline change of Zone 3 (Transects 158–213) using the LRR method in over
the period of 1973–2015.

Assessment of the Shoreline Evolution at the Eastern Giens Tombolo

361

There are 65 transects, namely from transect 214 to 278 in zone 4. The results of the
short-term analysis elucidates that the coast has undergone both accretion and erosion
(Fig. 9). After completing the construction of 80-m wing perpendicular to the jetty of La
Capte port [8], all shoreline of zone 4 underwent a serious decline with the mean change
rate of approximately −1.33 m/yr in the period from 1973 to 1988. The maximum erosion
rate of −2.71 m/yr was recorded at the Transect 215 in the north of the La Capte beach.
This negative trend sharply decreased in the period from 1988 to 2000. Erosion was only
reported in the northern part of zone 4 at the highest change rate of −0.74 m/yr, whilst the
southern one exhibits accretion with the highest change rate of +1.25 m/yr. In order to
stabilize the shoreline as well as protect the onshore properties, two geotube submerged
breakwaters were constructed in the south of La Capte port in 2007. Along with the
annual beach nourishment with the large sediment volume, accretion was seen in most
of the transects (about 90%) in the period from 2000 to 2008. The highest deposition
rate is estimated about +4.81 m/yr at transect 216. However, the alongshore accretion
pattern in the north part of this zone was completely transformed into erosion pattern
during the period from 2008 to 2015. The highest retreat rate of -1.91 m/yr is observed at
transect 216. The main cause of this trend change may be attributed to the decline of the
geotube breakwater height due to the geotextile bag stretched by hydrodynamic effects
or torn by boat anchors and mechanical forces [10]. Furthermore, Fig. 10 describes the

Fig. 9. Location of historical shorelines and rate of shoreline change of Zone 4 (Transects 214–
278) using the EPR method in over the period of 1973–2015.
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shoreline change rate in the long-term period of 1973–2015. It is also noted that the
southern part is accreted with the highest deposition rate of +0.19 m/yr, whereas the
northern part has retreated with the highest retreat rate of −0.29 m/yr (Table 3). The
numbers of accreted and eroded transects are 36 and 29 corresponding to 55.4% and
44.6%.

Fig. 10. Rate of shoreline change of Zone 4 (Transects 214–278) using the LRR method in over
the period of 1973–2015.

In the last region, zone 5, the shoreline is located between transect 279 and transect
347. The shoreline changes over the short-term periods (1973–1988, 1988–2000, 2000–
2008, and 2008–2015) were estimated and shown in Fig. 11. It is clearly seen that during
the periods from 1973 to 1988 and from 1988 to 2000, the coast experienced dominant
erosion with the mean retreat rate of −0.5 m/yr and −0.24 m/yr, respectively (Table
3). Nonetheless, from 2000, the longshore erosion pattern totally changed to accretion
pattern except few eroded transects. Over the period from 2000 to 2008, the shoreline
advanced seaward at the mean deposition rate of +0.89 m/yr. At that time, more than
97% of transects showed accretion. The positive trend kept maintaining in the period of
2008–2015 with the mean accretion rate of +0.71 m/yr. On the other hand, the long-term
analysis expresses that the shoreline experienced very little change from 1973 to 2015
(Fig. 12). Consequently, there is certain stability or even a slight deposition at the mean
progradation rate of +0.02 m/yr. This accretion is due to its position sheltered by the cape
of Esterel. Notably, the divergence of orthogonal east and southeast waves in this area
reduces its energy, so prompting to the accumulation of the fluvial sediment contribution
from Gapeau and Roubaud river which is transported by southward longshore drift.
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Table 3. Rate of shoreline changes for the eastern Giens tombolo between 1973 and 2015.
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Fig. 11. Location of historical shorelines and rate of shoreline change of Zone 5 (Transects
279–347) using the EPR method in over the period of 1973–2015.

4.2 Estimation of Shoreline Changes During Period from 2015 to 2050
The positions of shoreline in 2015 and 2050 have been forecasted for the eastern part
without taking into account the disastrous impacts such as storms. The brief results of
this prediction are presented in Table 4 and shown in Fig. 13, Fig. 14, Fig. 15, Fig. 16,
and Fig. 17.
For zone 1, the result of future shoreline changes indicates the accretion trend is
observed in most of transects (Fig. 13). The progradation trend is dominated by the
mean rates of +1.8 m/yr, +0.45 m/yr, and +0.62 m/yr in the periods of 2015–2020,
2020–2050, and 2015–2050, respectively (Table 4). Over all periods, erosion is mainly
concentrated in the area from Transect 5 to 25, whilst the remainders are accumulated
by sediment supply from the Gapeau river. The advance of the southern part in this zone
can result from the interference of Roubaud jetty in trapping the longshore sediment
transport.
In zone 2, mixed erosion and accretion was exhibited. However, accretion is dominant
than erosion (Fig. 14). This positive trend is confirmed by the average change rates of
0.89 m/yr in 2015–2020, 0.4 m/yr in 2020–2050, and 0.46 m/yr in 2015–2050 (Table
4). Moreover, the % of deposited transects is increased from 62.82% in 2015–2020 to
67.95% in the next periods. Ceinturon beach will be continuously advanced seaward due
to the presence of four groynes, which play the decisive role in accumulating the sediment
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Fig. 12. Rate of shoreline change of Zone 5 (Transects 279–347) using the LRR method in over
the period of 1973–2015.

Fig. 13. Location of future shorelines and rate of shoreline change of Zone 1 (Transects 01–79)
using the EPR method in over the period of 2015–2050.

fed by the Gapeau river. The maximum recession rates are often observed surrounding
transect 114, immediately in the south of these groynes, whereas the maximum accretion
rates mostly concentrate in the south of this zone.
In zone 3, most the transects manifest recession, except transect from 158 to 165
corresponding to the shoreline between Hyeres port and the first groyne which are
progradated (Fig. 15). During the period from 2015 to 2020, the average change rate
is predicted approximately −1.17 m/yr, revealing a retreat trend. The highest loss rate
of −2.59 m/yr is recorded around transect 206, while the highest deposition rate of
0.8 m/yr is seen in the northern part of this zone. In the period from 2020 to 2050, the
negative trend is maintained almost continuously from the first groyne to the jetty of La
Capte port, where the maximum recession rate of −0.44 m/yr is observed. Once again,
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Fig. 14. Location of future shorelines and rate of shoreline change of Zone 2 (Transects 80–157)
using the EPR method in over the period of 2015–2050.

the long-term analysis from 2015 to 2050 demonstrates the decline of shoreline at the
average change rate of −0.24m/yr despite the presence of the groynes (Table 4).

Fig. 15. Location of future shorelines and rate of shoreline change of Zone 3 (Transects 158–213)
using the EPR method in over the period of 2015–2050.
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Among five zones along the eastern Giens tombolo, the highest erosion rate of −
3 m/yr is predicted for zone 4, immediately in the south of geotube submerged breakwaters. This zone is absolutely dominated by a retreating trend with 100% of eroded
transects during the period from 2015 to 2020 (Fig. 16). Nevertheless, this trend partly
changes in the period from 2020 to 2050. The results of prediction show that the northern part of this zone has experienced erosion at the highest change rate of −0.29 m/yr,
whilst the southern part is deposited at the highest change rate of +0.19 m/yr (Table 4).
Generally, the shoreline along zone 4 is forecasted to decline by the average change rate
of −0.25 m/yr over the period from 2015 to 2050, especially in the northern area of the
La Capte beach.

Fig. 16. Location of future shorelines and rate of shoreline change of Zone 4 (Transects 214–278)
using the EPR method in over the period of 2015–2050.

In the last zone of the eastern branch, the variation of the shoreline over time is the
lowest compared with that of other zones. Results of statistical analysis carried out for
all 69 transects indicate the erosion and accretion trend is shifted alternatively (Fig. 14).
Between 2015 and 2020, 100% of transects is subjected to erosion at the highest recession
rate of −2.21 m/yr around transect 313. The erosive tendency decreases in the period
from 2020 to 2050, with only 42% of eroded transects. The northern part of the Bergerie
beach would be suffered slight erosion at the highest recession rate of −0.28 m/yr, while
accretion is predicted in the south of this zone at the highest change rate of +0.3 m/yr.
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The average change rate of all shoreline is about +0.02 m/yr, revealing a little accretion
trend in this period. In addition, the analysis carried out from 2015 to 2050 notices that
this zone could be undergone with an erosion tendency (82.6% of recession transects)
at a mean change rate of −0.13 m/yr (Table 4).

Fig. 17. Location of future shorelines and rate of shoreline change of Zone 5 (Transects 279–347)
using the EPR method in over the period of 2015–2050.
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Table 4. Rate of shoreline changes for the eastern Giens tombolo over the period of 2015–2050.

17.4

58

0

0

58.46

0

21.43

26.79

12.5

67.95

67.95

62.82

73.42

72.15

79.75

% of
accreted
transect

370
M. T. Vu et al.

Assessment of the Shoreline Evolution at the Eastern Giens Tombolo

371

5 Summary
The shoreline along the eastern Giens tombolo from 1973 to 2015 underwent alternating
shifts of deposition and erosion. Erosion occurred in the north shorelines of zone 1 and
zone 4 and the center part of zone 2 and zone 3; whereas the south shoreline of these zones
was accreted with the change rate of +2 m/yr. The shore-normal structures, viz. Groynes
and jetties, are attributed to be the main cause off sediment deficit in the downstream of
these structures and erosion in their adjacent areas. The results of this work confirm that
the beach nourishment plays a secondary role as the temporal method for limiting the
decline of shoreline. Moreover, the estimation of shoreline changes during the period
from 2015 to 2050 also reveals that Cabanes beach, Pesquiers beach, Ceinturon beach
and La Capte beach are the most vulnerable areas to the severe erosion. Especially, in
zone 2, the road of DR 42 may be disappeared in 2050 due to coastal erosion with
the change rate of −0.89 m/yr. However, the accretion can be observed in some places
in the upstream of jetties and breakwaters. The study result can be useful for future
development and management of Giens tombolo coast as well as coastal zones around
Hyères city.
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