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Abstract

This research is conducted as part of a Spanish International Cooperation Agency project with the aim to investigate the sustainable
protection of Tunisian coastal zones, as in the case of Beni Khiar and Dar Chaabane coasts (Hammamet Gulf) separated by Oued
El Kebir river. The sedimentary dynamic of these beaches is studied in order to identify the main causes responsible for their
erosion by the use of different approaches of in situ measurements and numerical methods. Geophysical surveys and sedimentary
analyses have demonstrated that sediments are finer and less carbonated from Beni Khiar to Dar Chaabane. Then, the shoreline
mapping of several missions of aerial photos has illustrated a mean shoreline retreat between 3 and 4 m/year. In terms of sand
volume, a sediment loss more than 30,000 m> /year at Dar Chaabane has been observed since the hill lake structures were built
within Oued El Kebir river in 1996. Finally, modelled hydrodynamic and sedimentary patterns have illustrated the refraction of
waves in deep water close to shoals and a high-energy concentration along Dar Chaabane coast. The sediment transport direction is
mainly of NE-SW induced by ESE-SE wave-driven alongshore current. Results provided by these approaches have shown the
importance of Oued El Kebir sediment yield in supplying the neighbouring beaches. Changes in sedimentary dynamics are
affected by the modification of hydrodynamic patters caused by the presence of hydrological dams and the implementations of
hotels close to the shoreline. This finding underlines the key role of Oued El Kebir fluvial activity in controlling the equilibrium of
beaches and their sensitivity to coastal managements induced by man activities, as in the case of the most Mediterranean beaches.

Keywords Beach erosion - Sedimentary budget - Hill lake structures - Coastal management

Introduction

Coastal erosion is one of the most important socioeconomic
problems that challenge the capabilities of states and local
authorities. This chronic problem is increasing in coasts where
the man-induced activities are important. In the case of south
Mediterranean coast, having a high economic interest of tour-
ism, huge efforts have been driven by many countries to
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preserve or re-create beaches. Such projects, coupled with
other developments in coastal zones such as harbours and
marinas, are increasing since the beginning of the twentieth
century leading to several problems of beach erosion and deg-
radation (Poulos and Collins 2002). The flash and catchment
disequilibrium in the last centuries resulted from the develop-
ment of alluvial managements in rivers contributing also in
coastal degradation since the channelisation of flow for pro-
tection against flooding can reduce the sediment supply to the
coastal areas in more recent times (e.g. Antony 2014). In the
case of Tunisian beaches, erosion problems in coasts and their
impact on the socioeconomic activity have been considered as
the major interest of some consulting and scientific works
with the aim to diagnostic changes in the coastal structures
and the shoreline recession. Paskoff (1985, 1998) has investi-
gated the causes and mitigation of Tunisian beach erosion.
Then, the works of Oueslati (1994, 2004) have interested in
the morphological changes of Tunisian beaches caused by
coastal management. The case of the northern side of
Tunisia has been studied in terms of sedimentary dynamics.
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Saidi et al. (2013) have analysed the different sedimentary
textures in Tunis Gulf (NE Tunisia) and their relation with
energy conditions. In NW of Tunisia, Halouani et al. (2012)
have studied the morphodynamic changes and the shoreline
stability; they have shown an altering variability of erosion
and accretion caused by changes in wave direction and
sediment grain size. The works of Souissi et al. (2014) have
demonstrated the effect of waste water discharges in the sed-
imentary dynamic of Monastir Bay (East of Tunisia) using in
situ and modelling data.

This research focuses on the understanding the hydro-
sedimentary dynamic of the NE Tunisian beaches, as in the
case of Beni Khiar-Dar Chaabane, in terms of functional rela-
tionship between sediment movement and energy patterns
with the aim to identify the principal factor responsible for
beach erosion and the interruption of the natural balance dis-
turbance. A special attention has been given to the diversity of
the sediment sources contributing in the supply of the studied
beaches and theirs dynamics. To do it, a series of field mea-
surements and modelled data have been used to understand
the beach dynamics. Such analyses have been driven before
2006 when the problem of erosion was of major interest for
the local authorities.

Study area
Geographic and geologic settings

Dar Chaabane-Beni Khiar beach is located on the northern
side of Hammamet Gulf (NE Tunisia), with 36° 41’ 26" of
latitude and 10° 36’ 51" of longitude; it has 4 km of length,
from Beni Khiar fishing harbour in the north-eastern side to
Dar Chaabane pier in the south-western side. The coastline is
mainly shaped by rocky formations that can be also observed
at the bottom of the nearshore zone. These formations are of
Tyrrhenian deposits, with a high content of biological mate-
rials and siliceous sediments. The large carbonated platform
covering the sea bottom dates from Miocene, the end of the
tertiary period (Enabli 1980; Ben Salem 1995).

Dar Chaabane beach is separated from Beni Khiar one by
the mouth of Oued El Kebir river (Fig. 1). This latter repre-
sents the main discharge of a small hydrological basin with a
mean slope of 2.8% and a total area of 20 km?. The fluvial
system is modest and depends strongly on the rainfall regime
and flooding periods when the sediment supply increases. The
basin of Oued El Kebir is characterised by two main litholog-
ical deposits (Fig. 2a): (1) deposits of Oued El Kebir, dating
from Tyrrhenian period and rich in foraminiferous fossils and
(2) deposits of Beni Khiar, dating from Miocene period and
containing a large fraction of quartz poorly carbonated (Ben
Salem 1995).
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Socioeconomic setting

Dar Chaabne-Beni Khiar is recognised as an important socio-
economic sector since it offers an attractive place with a high
touristic activity. Many man-made structures covering the
coastline have been built, in particular, the three hotels Lido,
Ramses and Riadh (Fig. 1b).

In terms of water resources, Oued El Kebir supply is of
high importance. The expected water demand is driven by
population increases and could reach its maximum around
the next years. Since 1996, two hill lakes have been built in
El Kebir basin with the aim to provide water supplies for
agriculture irrigation as well as industrial and tourism sectors.
Then, two dams (Tnitin and Zamou) were built in 2001-2002
(Fig. 2a).

Materials and methods

A series of field surveys and laboratory analyses were per-
formed to provide a better understanding of the sedimentary
dynamic at Beni Khiar-Dar Chaabane beach. The detailed
descriptions of these approaches are given in this section.

Geophysical and sedimentary surveys

A geophysical survey was carried out between 1 and 15 m of
depth. It was achieved by using the Ortech Pipeliner system of
3.5 kHz and an echosounder established over the bark plat-
form. During this survey, 64 sediment samples from 1 to 10 m
of depth were collected (Fig. 1b).

A field survey of superficial sediments, from the backshore
to the shore-breaker zone, was undertaken in the two principal
seasons of summer and winter. Samples covered a series of 20
profiles, orthogonal to the coastline and spaced at 200 m ap-
proximately (Fig. 1b): ‘BM, BD1, BD, BD2, BK1, BK, BK2,
BA1 and BA2’ at Beni Khiar and ‘DC, DC1, DL, DL1, DL2,
DR, DR1, DR2 and DS’ at Dar Chaabane.

With the aim to investigate the temporal evolution of sed-
imentary dynamic, three cylinder-shaped cores of sediment
were extracted close to Beni Khiar (core A), Oued El Kebir
mouth (Core B) and Dar Chaabane (core C).

In laboratory, samples were washed and heated at 85 °C.
Once heating, a sedimentary analysis was implemented. First,
samples were homogenised, dried to constant weight (100 g of
beach sand) and sorted into fractions by mechanically shaking
a column of sieves of different mesh sizes (2, 1.4, 1, 0.6, 0.5,
0.25, 0.3, 0.125, 0.90 and 0.063 mm) for 20 min using a Ro-
Tap shaker. The results were converted into wt.% and used to
determine statistical parameters (mean (Mz), sorting index
(So), skewness (Sk) and kurtosis (Ku)) using graphical
methods (Folk 1959; Friedman and Sanders 1978). Then,
the carbonate rate was extracted from the different samples.
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Fig. 1 a Study area: Gulf of Hammamet. b Dar Chaabane-Beni Khiar coast separated by Oued El Kebir stream. The offshore and beach sediment

samples are also shown

Finally, a compositional analysis was performed by a diffrac-
tion operation. Likewise, a point counting of grain in thin
sections was analysed under a binocular microscope. Both
geophysical and sedimentary surveys were gathered to inves-
tigate the dynamic of the study area.

Shoreline mapping
Long-term changes in shoreline evolution were determined

using different aerial and satellite surveys providing a good
spatial coverage of the coast. Extracted data are valuable and

present an important information useful to distinguish the dif-
ferent trends of sediment movement.

Seven periods of surveys 1947, 1962, 1974, 1985, 1996,
2002 and 2003 were selected for building a composite map of
the shoreline evolution. Using a geographic information sys-
tem (GIS), the temporal changes at Dar Chaabane-Beni Khiar
coast were analysed. First, the digital maps were georeferenced
to a common projection UTM. A set of prominent landmarks
on the maps (lighthouses and maritime constructions as Beni
Khiar harbour and the groin of the western limit of Dar
Chaabane) were used as control points in the process that
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Fig. 2 a Hydrological watershed
of Oued El Kebir stream. b Wave
rose in deep water at Gulf of
Hammamet

aligned from different time. Then, maps were overlaid by GIS
tool and the erosion rates were estimated. By the use of this
method, the root mean square error (RMSE) varies between 2

and 10 cm.
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Once shoreline changes were determined at orthogonal
profiles (from BM to DS), sediment transport rate was calcu-
lated by evaluating changes in the bulk volume using the well-
known method proposed by Dean and Dalrymple (2002). This



Arab J Geosci (2018) 11: 386

Page 5 of 14 386

method consists in measuring the sediment volume variation
between successive mapped shorelines. Then, the sediment
volume can be quantified by multiplying the distance of
change by the alongshore distance and the closure depth of
the beach profile (taken as the depth beyond which the action
of wave is negligible).

Bathymetry survey and hydrodynamic modelling

Bathymetry data and offshore wave climate (wave height
(Hs), mean direction with respect to the North (Dir) and peak
period (Tp)) were used together for wave modelling from deep
to shallow water.

Bathymetry data were extracted from a detailed survey
achieved in March 2007 during high tide. Data covered the
study area from Beni Khiar to Dar Chaabane; they were gath-
ered in a series of transversal profiles settled every 10 m in the
alongshore direction. The depth value was obtained
employing a Raytheon 200-kHz echosounder and the vessel
positioned by differential global positioning system (DGPS).
Bathymetry data were post-processed and corrected with the
Datum Plane for the area using information from the tidal
gauge operated by Beni Khiar harbour.

In terms of marine conditions, wave climate was obtained
from a retro-analysis database (Reguero et al. 2012) providing
spectral sea state parameters with a temporal resolution of 1 h.
Wave rose in deep water shows that waves coming from ESE-
SSE are predominant (Fig. 2b). The mean and the stormy
wave height take a value of 1 and 2 m, respectively. The mean
and the stormy Tp is of 7 and 10 s, respectively. Astronomical
tide is semi-diurnal with a mean range of 0.15 m. The total sea
level can reach a value of 0.4 m due to the meteorological tide
effect caused to the atmospheric pressure.

Deepwater wave climate was transferred to shallow water
and breaking conditions for different tide levels (high, low and
middle tide using the numerical model MOPLA which is part
ofthe coastal management system (SMC), a system developed
by the Environmental Hydraulics Institute IH Cantabria
(Gonzilez et al. 2007)).

MOPLA is 2DH, a short-term process-based numerical
model. It is composed of three coupled modules: (1) the wave
transformation module (Oluca) which represents a weekly
nonlinear combined refraction and diffraction model simulat-
ing the behaviour of monochromatic and a random sea
waves—it is based on the parabolic approximation solution
to the mild slope equation (MSP); (2) the deep-averaged cur-
rent module (Copla) which solves the vertically integrated
equations of conservation of mass and momentum in two
horizontal dimensions and uses the Oluca as input—it is ca-
pable of operating with a wave-current space and time-varying
hydraulic roughness and turbulent fluctuations (eddy viscosi-
ty); and (3) the sediment transport and morphological evolu-
tion module (Eros) which includes a deterministic intra-wave

period model for non-cohesive sediment—it solves the sedi-
ment flux equation in the surf zone and the bathymetry chang-
es associated to the spatial variations of the sediment transport.
The input conditions are used by the SMC system as an output
of the Oluca and Copla models. The sediment transport is
calculated using (Soulsby 1997).

Results
Sedimentary dynamic

Results obtained from the geophysical survey are illustrated in
Fig. 3 where the texture of marine materials varies with depth.
The bed between 2 and 15 m is characterised by coarse sands
and irregular Tyrrhenian rocky structures fully covered by
Posidonia oceanica seagrass; these structures are more regular
with depth. Sediments are not homogenous between 15 and
25 m; they are coarser in Beni Khiar and finer in Dar
Chaabane and close to Oued El Kebir mouth. Beyond 25 m
of depth, the sea platform was wrapped by fine sandy layers.

The distribution of the grain size and the calcium carbonate
content of sediment samples, taken between 1 and 10 m of
depth, displays high changes from the north (Beni Khiar) to
the (Dar Chaabane) as presented in Figs. 4a and 3b.
Significant differences between both sectors are clearly ob-
served: coarse-grained sediments (between —0.23 and
0.80 @) with a high percentage of carbonate at Beni Khiar
and fine sediments less carbonated (5—10%) at Dar Chaabane.

At deep water, coarse-grained and carbonated sediments of
Beni Khiar should be the result of crumbling processes of
rocky beds. This activity is less important at Dar Chaabane
where sediments are fine and poorly carbonated. Such differ-
ences between both sectors suggest the diversity of the sedi-
ment sources and the hydrodynamic conditions.

Grain size statistical parameters of superficial sediments
(from the backshore to the shore-breaker zone at the orthogo-
nal profiles) have been also determined. According to the Folk
(1959) classification scheme, the sand size fraction is fine,
medium to coarse-grained. Cumulative percentage bins have
shown that sediments are fine with high sorting index, mod-
erately to well sorted and symmetrically to asymmetrically
skewed with negative or positive tail.

Generally, the mean grain size increases slightly from the
backshore to the shore-breaker zone; it tends to be coarser and
less sorted far from the shoreline. The skewness index is much
larger in the shore-breaker zone.

At Beni Khiar, the mean grain size distribution of
sediment samples (from BM to BA2) shows that lowest
values (0.3 mm) are observed at BAl and the highest
ones (0.5 mm) at BK close to the harbour. The variation
of skewness index emphasises that sediments tend to be
symmetrical in the direction of transport NE-SW. The

@ Springer
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Fig. 3 Sedimentary a
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tendency of sediments to be finer, more sorted and pos-
itively skewed from the east to the west is broken in
some small bay structures (the case of BA2 profile for
example) where the poorly sorted sediments are
protected from the wave action. Therefore, changes in
sediment properties from NE to SW should be related
to a progressive drift direction affected by the strength
of driven waves.

@ Springer

The sediments of Oued El Kebir mouth (BO profile) are
coarse-grained, well sorted and negatively skewed. Such
properties are associated to the fluvial sediment supply rich
with well-selected materials.

In Dar Chaabane, the grain size distribution presents
many irregularities. Sediments are medium- to fine-
grained with a moderate selection and a symmetrical skew-
ness. They are coarser, less sorted and positively skewed at
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Fig. 4 Petrography of the sediment materials in core A

DC and DCI1 profiles. In return, grains are finer and more
sorted with a positive skewness index away from DClI
(between DC2 and DS).

Accordingly, the spatial evolution of sediments from Beni
Khiar to Dar Chaabane is controlled by an increasing hydro-
dynamic activity in NE-SW direction responsible for a grain
size reduction and a better selection of the sediments.

Similarly, to the space, the time represents an important
dimension to understand the sedimentary dynamic. Seasonal
surveys have shown large differences in sediment properties.
Under winter conditions, fine-grained and well-selected ma-
terials have been observed in Oued El Kebir mouth; they are
generated by an important fluvial activity during the strong
events of flooding. In summer, sediments are coarse-grained
and poorly sorted since the fluvial activity is less significant

Coarse Sand

Coarse Medium Sand
Medium Sand

Fine Medium Sand
Fine Sand

Carbonate

close to Oued El Kebir river and the selection of sediment
materials is limited.

Of the total number of grains counted under the binocu-
lar microscope, an average roundness was accounted 20%
at Dar Chaabane and 60% at Beni Khiar. Proportionality
between the roundness and the shining character of sedi-
ment can be explained by a significant hydrodynamic ac-
tivity at Beni Khiar.

Petrography analysis was applied to three cores (A, B and
C), collected from the study area in order to determine the
evolution of the sedimentary texture during the last periods
of time. Results provided by this analysis are presented sub-
sequently. Generally, sediments provided by cores are fine-,
medium- to coarse-grained and poorly to richly carbonated
between the different layers of cores.

@ Springer
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Core A (Fig. 5) shows an increasing rate of carbonate from
the base to the upper layer. This content consists mainly in
bioclastic fragments having similar textures to those observed
in the rocky formations of Beni Khiar where biologic fraction
is important with a large percentage of shell mollusc compo-
sition (45%). The bottom layer of core A presents medium-
and fine-grained sediments with large quantities of
foraminiferous fossils derived from different geological
sources (Fig. 5). Then, the carbonated character of Beni
Khiar sediments can be explained by a biologic activity pro-
vided by an alteration phenomenon of the unconsolidated bed-
rocks contributing in the beach nourishment.

The composition of core B (Fig. 6) shows that sediments
are fine and shinning rich in benthic foraminiferous fossils in
the base; they are coarse, less shining and poorly carbonated in
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Fig. 5 Petrography of the sediment materials in core B
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the top of the core. The grain size and the content of carbonate
in core C are slightly similar to the core A of Oued El Kebir
mouth: the base is rich in fine sediments and metamorphosed
foraminiferous fossils consolidated with quartz materials
(Fig. 7) while the top layer is characterised by sponges and
Posidonia oceanica seagrass.

The different sediment compositions, shown by sedimen-
tary analyses, suggest the contribution.

Oued El Kebir system in the supply of Dar Chaabane
beach. Modelling foraminiferous result from a metamorphosis
induced probably by a sediment transport under high-energy
conditions. The origin of current-day foraminiferous, sponges
and Posidonia oceanica seagrass, observed in the top layer of
core C, can be associated to the sea bottom of the offshore
zone. They have been potentially transported from the
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Fig. 6 Petrography of the sediment materials in core C

offshore to the beach by a transversal hydrodynamic activity
at Dar Chaabane.

The fluvial activity of Oued El Kebir river supplies both
Beni Khiar and Dar Chaabane beaches. This activity is re-
sponsible for the sediment transport from Oued El Kebir for-
mations (upper basin) before the construction of Tnitin and
Zamou dams. This transport is alimented only by Beni Khiar
formations (lower basin) after dam’s construction. Form Beni
Khiar to Dar Chaabane, sediments are finer and more shinning
in the direction of the alongshore sediment transport NE-SW.

Shoreline evolution

Shoreline surveys were used to determine the time evolution
of the shoreline position in time (from 1947 to 2003) and in
space (from MB to DS). In this part, only 13 transects are
presented (BD, BK1, BK2, DC, DCI1, DL, DL1, DL2, DR,
DRI, DR2, DS) as shown in Fig. 7.

The shoreline mapping shows that the 1962 position is
advanced compared to the 1947 one. This is evidenced by

iniferous fossils

an accretion at Dar Chaabane between DC and DR profiles
(section DCLR in Fig. 7) with a rate of + 3.5 m/year and
decreases to + 0.2 m/year in the south of the sector between
DR1 and DS. In this period, the advance at Beni Khiar is
limited to 0.1 m/year (section BK in Fig. 7). This prosperous
period of sand accumulation between 1947 and 1962 can be
explained by large deposits of sediments provided by a high
fluvial activity of Oued El Kebir. Since 1962, negative chang-
es in the shoreline position have been observed at the most
studied profiles. Between 1974 and 1996, the mean retreat
was quantified as —4 m/year at DC-DC1 and — 3 m/year at
DL-DL1-DL2-DR-DR1-DR2. The loss of sediment during
this period reduces the quantity of sand available in this zone
and increases the erosion problems. Since 1996, a large retreat
has been largely observed at Dar Chaabane and particularly
close to hotels Lido, Ramses and Riadh hotels while the shore-
line maintains the same position approximately close to rocky
parts (BD profile in Fig. 7).

In terms of volume change, results have shown a loss of
sediments at DCLR section with an amount of 37,500 m3/year

@ Springer
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Fig. 7 Shoreline mapping at Beni Khiar-Dar Chaabane during seven missions: 1947, 1962, 1974, 1985, 1996, 2002 and 2003

in 1962-1996 and 36,500 m3/year in 1996-2003. This loss is
limited to 2000 and 1500 m*/year in 1962—1996 and 1996
2003, respectively.

Detailed analyses of sand volume changes at DCLR was
implemented in order to quantify the sediment distribution
between the two zones A (DC, DC1 and DL profiles) and B
(DL1, DL2 and DR profiles).The loss of the bulk volume rate
in B is of 27,500 m®/year in 1962-1996 and increases to
29,000 m*/year in 1996-2003. This loss is less important in
Awhere the rate is quantified as 10,000 m*/year in 1962-1996
and decreases to 7500 m*/year in 1996-2003. Such results can
be explained by a shortage of materials coming from the Oued
El Kebir mouth, which is responsible for the reduction of the
sediment supply, required for the nourishment of the zone B.

Hydrodynamic patterns

Hydrodynamic modelling was carried out using the bathyme-
try data and the wave climate.

The bathymetry is uniform between 75 and 100 m of depth
and identifies two shoals (‘El Maamour shoal’ and ‘Nabeul
shoal’) close to 40—50 m of depth as shown in Fig. 8a. The
detailed bathymetry covering the nearshore zone has 20 m of
resolution. It illustrates some complexities especially close to
Dar Chaabane sector.

Simulated spectral waves have illustrated changes in wave
patterns along both sectors Dar Chaabane and Beni Khiar.
Results have shown that waves coming from SE-SSE main-
tain the same direction from the deep to the shallow water. In
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return, waves coming from ESE-SE suffer from changes in
direction to the SE. SSE waves are refracted close to El
Maamour shoal (Fig. 8b), such transformation leads to an
energy divergence (convergence) and a decreasing
(increasing) of wave height gradient. The energy concentra-
tion is less important in Beni Khiar sector since it is contained
by rocky structures. The complexity of the bathymetry con-
figuration and the presence of rocky plateau in the nearshore
bottom of Dar Chaabane, between 15 and 10 m, are responsi-
ble for a significant transformation of waves and an increasing
of energy close Lido and Riadh hotels. An example is shown
in Fig. 9 where the distribution of wave energy in shallow
water is non-uniform with changes in wave direction from
ESE to SE.

Current patterns, modelled by Copla module of SMC sys-
tem, show a system of rips at Dar Chaabane close to hotels and
an alongshore current from NE to SW. The wave-induced
phase average current field of waves coming from ESE and
SSE is displayed in Fig. 9c, d, respectively. ESE and SE waves
present a high obliquity respect to the shoreline with an angle
of 45° leading to an increasing transport of sediment;
modelled results have shown alongshore currents of 45—
50 cm/s and sediment transport rate of 30-35 cm’/s for waves
with 2 m of height and 10 s of period. In return, SSE waves are
orthogonal to the shoreline with a mean velocity of 10 cm/s
and a mean sediment rate of 5 cm®/s. The trend of the along-
shore currents seems to be broken at Dar Chaabane close to
hotels (Lido and Riadh) where the systems of rips, caused by
high wave gradients, are significantly pronounced.
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Fig.8 a Offshore bathymetry showing the two shoal of Nabeul and Maamour (left panel). The detailed bathymetry close to the beach is also shown (right

panel). b Offshore wave refraction close to Maamour shoal

According to the hydrodynamic results, the sedimentary sys-
tem of Beni Khiar-Dar Chaabane is characterised by the follow-
ing: (1) transport patterns from NE to SW; (2) presence of the
rocky structures in Beni Khiar responsible for an energy con-
tainment and material retention; and (3) circulatory systems of
rip currents at Dar Chaabane close to LIDO and RIADH hotels.

Discussion and conclusion

In this paper, the dynamic of Beni Khiar-Dar Chaabane
has been investigated using different approaches of sedi-
mentary and hydrodynamic analyses in order to identify
the origins of erosion problems in Dar Chaabane and Beni
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Fig. 9 A plot of the wave vectors
(a) and height distribution (b) for
waves coming from ESE (H =

2 m, T=10s). The wave-induced
phase average current field for

waves coming from ESE (c) and
SSE (d)with H=2mand 7=10s

Khiar beaches considered as wave dominated with a low
tidal range.

Results have shown changes in sand volume distribution
and a high retreat of the shoreline position in the last years
since 1996. Sedimentary analyses have emphasised similari-
ties in the sediment texture between Oued El Kebir catchment
and Dar Chaabane beaches and between rocky structures and
Beni Khiar beaches.

The importance of the alongshore current from NE to SW
responsible for a sediment transport and the circulatory sys-
tems of rip currents at Dar Chaabane beaches close to Lido
and Riadh hotels are evidenced by the hydrodynamic
analyses.

Changes in beach dynamic are explained by both directly
and indirectly human interventions. In fact, the modifications
of Oued El Kebir river supply by the presence of hydrological
dams and the implementations of hotels close to the shoreline
have contributed in the degradation of beaches.

Compared to Pacific and Atlantic open coasts, energy con-
ditions of waves and wind in the Mediterranean basin are
generally much lower; the tidal range is less than 1 m defining
a micro-tidal context. Therefore, coastline evolution and
shoreline features result from the sediment yield of fluvial
activity. The importance of sediment supply by rivers from
the sediment deposition in Mediterranean coasts, the
progradation of deltas and the Holocene coastal deposits of
fluvial origin have been investigated in several researches
(e.g. Antony et al. 2014). In particular, it was demonstrated
that small rivers with catchments less than 50 x 10° km? of

@ Springer

superficies can contribute largely in sediment yields to coastal
zones (Poulos and Collins 2002; Vanmaecke et al. 2011).

Over the twentieth century, the increasing population living
on southern shores of Mediterranean and the socioeconomic
development have exacerbated coastal erosion and perturbed
the ecosystems. The problems of coastal destabilisation and
erosion have been due to long-term decay of fluvial sediment.
Anthropogenic modifications of sedimentary patterns affect
the different systems articulated around man-made structures.
For example, coastal erosion is mainly a product of river dam-
ming established to affront problems of increasing water de-
mand and control flooding caused by extreme events.
According to Antony et al. (2014), the construction of hun-
dreds of dams around the Mediterranean Sea, especially over
the last 50 years, has led to a dramatic reduction to approxi-
mately 50% of the potential sediment supply.

Furthermore, the high pressure of port and touristic devel-
opment is responsible for a massive exploitation of beaches
and a deep alteration of the physical processes controlling the
natural coastal system. The combination of both man interven-
tions and touristic activities has contributed in the loss of sed-
iment and the shoreline retreat, which is the case for example
of Tangiers (Sedrati and Anthony 2007) and Tetouan coasts
(Anfuso et al. 2007; Elmrini et al. 2012a, 2012b) of Morocco,
the north-eastern coast, the Nile delta, the Rhone and the Ebro.

During the 1800s, the two modern branches of the Nile
delta have prograded by 3 to 4 km in response to the large
quantities of fluvial sediments delivered to the coast (Frihy and
Lawrence 2004). This accretion regime switched to an erosion
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at the beginning of the twentieth century, which is mainly
explained by the construction of two dams on the upper river
in Aswan and barrages on both the upper and lower Nile River
that cut off almost all water discharge and the delivery of
fluvial sediments to the coast (Frihy and Khafagy 1991).
This extensive erosion is also attributed to an abrupt decrease
in water discharge and fluvial sediment yield during the twen-
tieth century resulting from low rainfall in the Nile catchment
in Ethiopia and central Africa, sea level rise and local deltaic
subsidence (El Banna and Frihy 2009). The effects of sedi-
ment budget perturbations in the Rhone delta have been stud-
ied by many works where the deltaic material is reduced by a
factor of 3.7, from 12.63 to 3.41 x 106 m*/s (Sabatier et al.
2006). This evolution has been explained by a decrease in
river sediment input related to a natural decreasing frequency
of major floods at the end of the Little Ice Age (Arnaud-
Fassetta and Provansal 1999; Arnaud-Fassetta 2003), refores-
tation of the catchment and, since the 1950s, dam construction
and dredging activities. In the case of Ebro delta, it was dem-
onstrated that the growth of the delta was shifted a few decades
ago to an erosional evolution as a result of the nearly total
reduction of river sediment discharge due to dam construction
in the lower reaches (Palanques et al. 1990).

According to the results demonstrated in the present re-
search, the extensive erosion of sediments and the shoreline
retreat in Beni Khiar-Dar Chaabane are mainly explained by
man interventions. The presence of dams since 1996 within
Beni Khiar catchment is responsible for a decrease in water
discharge and fluvial activity. This reduction is responsible for
a perturbation of sediment budget in the coastal area and beach
erosion. Then, the touristic activities concentrated in LIDO
and RIADH hotels have deeply increased the degradation of
Dar Chaabane beach and abrupt changes of water depth be-
tween the shoreline and the closure depth. These irregularities
have induced hydrodynamic complexities and high gradients
of energy responsible for transversal systems of rip currents
that increase under extreme conditions. Moreover, the hydro-
dynamic conditions and the wave transformation from the
offshore to the shallow water close to shoals offer a favourable
environment for the sediment transport and the beach erosion
in micro-tidal marine context where wave energy has a key
role in the hydrodynamic conditions. In such environments,
the dynamic is highly dependent on the river supply because
the longshore sediment transport is not the first forcing but
represents an important parameter in modelling and re-
shaping the coast. The impact of hydrodynamic conditions
to induce sediment transport and the morphology changes in
Tunisian coasts has been investigated in some works. Louati
and Zargouni (2009) have studied the sediment transport in
the sandy beach of Tunis bay (NE Tunisia) using the numer-
ical model UNIBEST. Some studies have been carried out in
Medjerda and Miliane river and have shown that the dominant
NE and NW waves generate longshore currents providing a

sediment transport N-S. In the case of Beni Khiar-Dar
Chaabane, the dominant waves coming from SSE and SE
are responsible for the littoral derive with a velocity of
48 cm/s. Similar results were demonstrated by the works of
Brahim et al. (2014) where current velocities at coastal arcas
of Tunis Gulf (Ghar El Melh) was quantified as 20 and 10 cm/
s in winter and summer, respectively. The seasonal variability
of hydrodynamic conditions is largely observed in the beach
responses to winter and summer sceneries, as in the case of the
most Mediterranean shores. Turki et al. (2012) have investi-
gated the seasonal responses of Barcelona beaches to energy
conditions using statistical techniques. They have demonstrat-
ed that shoreline changes take different positions under two
hydrodynamic regimes in winter and summer. According to
the present research, Beni Khiar-Dar Chaabane, like most
zones in the Mediterranean, experience a discontinuity in the
catchment-river-coast system induced by a disequilibrium of
the sedimentary budget.

This work has been driven before 2006 when the problem
of erosion was of major interest for the local authorities. After
this period, sustainable solutions to coastal problems have
been taken. Since 2009, Tunisian government has established
a series of breakwaters in Dar Chaabane with the aim to ac-
celerate the accretion. This solution has been responsible for
the modification of the shoreline dynamic of the physical sys-
tem in Beni Khiar-Dar Chaabane.

The present work represents an excellent example where
the understanding of the combination of hydrodynamic and
sedimentary processes driving beach changes is important for
coastal mangers. An integrated approach is required for the
best management of the conflicts in coastal zones.
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