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Abstract. The world's coastlines are shaped by mean sea level, wave conditions and storm surge. Climate
change driven variations in these environmental forcing’s will inevitably have a profound effect on the
coastal zone. They will result in unprecedented coastal recession, threatening billions of dollars worth of
coastal developments and infrastructure. Coastal erosion is observed in some locations along Atlantic
alluvial plain (Kenitra coastal (Morocco)) and is an important factor to consider for the coastal zone
management. Therefore, for coastal recession estimates are obtained via the simple, deterministic method
(Bruun rule) especially, that has been widely used over the last 50 years. It is in widespread contemporary
use at a global scale both as a management tool and as a scientific concept. We investigated the potential
erosion at the site and the result was very important. The result shows a severe erosion of the 21% century.

1 Introduction

Coastal erosion caused by sea level rise and climate
change is a serious problem for people all over the world
[1]. As at least 70% of sandy beaches around the world
are recessional. Therefore, the sandy beaches, the focus
of much human economic and recreational activities,
may not be stable in the long term [2] because they are
not a permanent form on a coastal strip, rather, they are
highly dynamic physiographic unit and continually
adjust to subtle changes in hydrodynamic forcing, and
the feedback between hydrodynamics and morphology
[3]. The stable shape of a sandy coastline at a certain
location is the result of natural and anthropogenic
factors such as the rate of sediment, the rate of sediment
removal and accumulation by wave action and currents,
and sand mining [4]. The demand for recreational use of
tourist beaches has increased substantially in recent
decades, and associated with this increased human
pressure. Recent studies have shown that many coastal
zones around the world are threatened by coastline
recession [5]. Unfortunately, there are many examples
of unwanted changes to coastal areas following large-
scale construction of tourist infrastructure, i.e. in
Morocco [6] .

For estimates the coastline recession, we used the Bruun
rule [7]. This Rule provides a relationship between sea
level rise and shoreline retreat and that, for more than
five decades, has provided the engineering and scientific
communities with a useful method of interpreting
shoreline changes and designing beach stabilization
projects, most notably beach nourishment projects.

* Corresponding author: azidane.hind2013@gmail.com

(http://creativecommons.org/licenses/by/4.0/).

1.1 Study area description

Mehdya beach is located in North-West of Morocco
near kenitra city. It is nearly 1 km long, and it is an
embayed beach (See Figure 1) which is bounded by
Atlantic continental shelf to the west and the subsiding
Gharb plain to the east. The tide type is meso-diurnal [8]
with a tidal range of 2.3 m on average, which can vary
from 0.97 to 3.11 m during neap-spring periods,
respectively [8]; and is composed of medium sand
ranging between 200 and 370 pum [9] with a gentle
foreshore slope of 1-3% [10]. The beach is exposed to
high-energy wave traveling roughly from the NW
sector. These are generated by W-E tracking sub-polar,
deep, low-pressure systems over the North Atlantic
Ocean and are therefore strongly seasonally modulated.
Substantially higher waves are observed during the
December-March winter period [8]. It is hypothesized
that significant wave heights can reach 7-9 m during
severe storms [8].
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Fig. 1. Location map of the study area

Coastal currents, which have been observed to be highly
variable and dependent on seasons and the local
bathymetry, are of the order of 0.1-0.5 m/s [11] with
generally northward and southward currents during flow
and ebb, respectively.

Table 1. Sea level rise scenarios used in the study (based on
data available from: IPCC. 2014)

Scenarios Year ngas é‘ﬁ‘r’f]’l
IPCC-RCP | 2014-2065 030
2.6 2014-2100 0.45
IPCC-RCP | 204-2065 0.40
8.5 2014-2100 0.74

2 Materials and methods

2.1 Topo-bathymetric of study area

In Mehdya beach, the maritime area is characterized by
relatively regular isobaths parallel to the coast. There is
a bar (high depth) at about 550m from the coast which
here the depths go up locally to (-2/-3) m ZH) [12]

The 2 profiles have relatively similar slopes with
offshore topside:

* A slope of 5.5% beyond +4 m ZH (dry beach);

* A slightly lower slope (4.7%) at the foreshore (from
+4 to 0 m ZH);

* A very gentle slope (0.8%) over about 200 m wide at
0m ZH;

* A slope of 3% up to about -6 m ZH then beyond the
breaking bar.

2.2 Beach profiles

The geomorphology of the coast reflects the nature of
the coastal landforms with respect to their resistance to
retreat [13]. Therefore, beach profiles are presented in
order from N to along the Mehdya beach (around 4 km),
4 full profiles were only measured in April 2016 and
August 2015 (Figure 2). These profiles were well
distributed and well localized in order to highlight the
evolution and changes in the slope of the beach in space

and time. For our fieldwork, a theodolite to measure the
slope of the beach carried out topographic surveys.

Profie ]

Fig. 2. Mehdya profiles
2.3 Sea level rise

The Intergovernmental Panel on Climate Change (2014)
provides likely range and median values for four climate
change scenarios (RCP 2.6, 4.5, 6.0 and 8.5). They
corresponded with the projections of greenhouse gas
emission scenarios. These scenarios indicate an increase
in surface temperature during the next century [14].

In this study, the mean values of RCP2.6 and RCP8.5
scenarios, that are respectively the best and for worst
conditions, have been adopted for the 2065 and 2100
projections (Table 1).

2.4 Coastal erosion assessment

The Bruun rule assume that all sand removed from the
upper profile is deposited offshore as sea level rises,
which relates the retreat of the coast (R), to the elevation
of sea level (S) by the relation of horizontal and vertical
profiles within the active zone (Equation 1).

* M

Where:
W+, is the width of the active zone or distance to the
closing depth

h+1is the closing depth
B is the berm height.

Calculation of closure depth (hc), the Hallermeier's
equation (1981) [15] referred to in the Coastal
Engineering Manual, 2002, was used (Equation 2).

h,=228H,-68.5(H/gT.’) (@)
Where: e =H+3.60, , H, is the significant wave
height®~, is the standard deviation of significant wave

heightT , is the period of the effective wave and g ,1s
the gravity acceleration.

The offshore significant wave height at Kenitra coast
was compiled and resumed by [16]. As appreciate more
than 90% of incoming waves have a significant wave
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height of 4 m with a predominant NW direction and a
wave period of 15 second.

The Bruun rule was applied on the coast of Mehdya
located on the left dike of Sebou estuary. The
continental and marine geographic boundaries of the
study area correspond to: (1) land side, with a length of
1 km ; with width of aerial beach is 200 m (Table 2);
and with an area ~ 240,000 m’.(2) sea side of the
supposed boundary of sedimentary exchanges between
the continental shelf and the coast (10 m).

Table 2.Morphological and sedimentological
characteristics of Mehdya beach

Berm Width [m]

Beach | Lenet of . Sedime

h[m] | height] Aeri | Underwa nt

m] al ter Beach
Beac
h
Mehd | 1000 200 1000 Fine
ya 4.17 sand

The eroded volume of sand (in m3) at different depths
was estimated by [17] :

V =Ayx(B+h.) o

Where: Ay is the length of aerial beach and h*, is the
closing depth; and B is the berm height

3 Results and discussion

A first observation of profiles 1 and 3 shows that they
have a broad foreshore (around 120 m) and a regularly
concave transverse profile with a low slope (between 2
and 3%). It must also be noted that the passage from the
top to the bottom of the foreshore is often made without
marked change of slope.

Profiles 2 and 4 have a broad slope with a steep slope
which varies between 5% and 6% and often takes on the
aspect of a fairly steep and less concave slope compared
with the profile 1. In profile 2, the passage between the
top and the bottom of the beach is made by a well-
marked slope break.

Mehdya beach is an erosive state due to seasonal
evolution (The top of the beach has decreased about 20
m during the winter 2010). This is the result of
pronounced decline north of the beach in recent years
(Between 1997 and 2009) due to the realization of
dredging operations at the level of the alluvial cone of
the Sebou estuary which began in 2002. It is possible
that dredging of the alluvial cone (Creation of a
sediment trap by the realization of over funders) has
resulted in reduced feeding of the Mehdia beach by the
sediments expelled by the River (now trapped at the
level of the alluvial cone).

To achieve the overall goal, geomorphology, coastal
slope, rate of relative sea-level rise, mean tidal range,
and mean wave height were determined as risk variables
and the relevant regional data were collected.

The values of parameters used in the Bruun (1962)
equation are presented for Mehdya Beach in Table 3.

Table 3. Values of the parameters used in the Bruun
equation

Beach W* [m] B[mZH] | h*[m ZH]

Mehdya 650 4.17 8.6

The coastal retreat (R) is the percentages of areas lost
are presented in Table 4 for RCP 2.6 scenario and for
RCP 8.5.

Table 4. Land loss due to coastal erosion (R: retreat in

m)
Beach Scenarios Year R (m/years)
2014- 153
IPCC RCP 2065
Mehdya 2.6 2014- 22.9
2100
2014- 20.4
IPCC RCP 2065
83 2014- 37.7
2100

The areas of land that can be lost by coastal erosion have
been defined by multiplying the horizontal retreat-
defined by Bruun's rules-by the length of the beach, and
this for the different hypotheses of each scenario d of the
sea level.

Near shore processes in the presence of relative sea level
rise have been examined and show that in case of RCP
2.6 scenario, detailed calculations (Table 4) showed that
with the hypothesis of SLR at 86 years, the Mehdya
beach is most vulnerable than 51 years.

With the high climate change scenarios, this beach
would semi completely disappear. This is expected to be
completely lost and in the best scenarios, in only 11
years the sea will destroy the exisiting existent
constructions in the first beach line. This situation will
be worst and Mehdya Beach would be partially eroded.

4 Conclusion

Coastal processes are complex and vary with location
and time, its occurs in Mehdya beach, in part, as a
natural process of continuing change of the shoreline.
The research allowed identifying an observable Bruun
effect by the middle of the 21st century in the case of
beaches with gentle slopes, sandy sediment and for
climate change scenarios RCP 2.6 and 8.5 only. Rather
than predictions of future shoreline changes, our results
can be viewed as an attempt to better understand
theBruun rule validation. The erosion rates measured in
this studywasimportant implying that the area is
undergoing majorerosion. With the high climate change
scenarios, this beach would semi completely disappear.
This is expected to be completely lost and in the best
scenarios, in only 11 years the sea will destroy the



E3S Web of Conferences 314, 03008 (2021)

https://doi.org/10.1051/e3sconf/202131403008

existent constructions in first beach line. Under this
scenario, the integrity and physical stability of Mehdya
beach are seriously threatened.Land losses from coastal
erosion in the Mehdya range would be greater by 2100.
Thus, the beach would suffer a significant retreat and
remain threatened by coastal erosion, whatever the
hypothesis for the different scenarios of rising sea level;
it would be doomed to disappear.
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