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Abstract:

Keywords:

This paper is aimed at analyzing the phenomenon of shoreline retreat in the
locality of Rufisque from 1978 to 2018 mainly using geospatial data and field
visits. A set of Landsat images from different dates at 10 year intervals was then
acquired through the United States Geological Survey platform and shoreline
change analysis was run using the Digital Shoreline Analysis System. In addi-
tion to that desktop work, interactions with local residents allowed the deter-
mination of ongoing adaptation strategies actually in place to cope with coastal
erosion. The study showed that Rufisque is subject to serious rates of erosion
reaching -19.48 m/year from 1978-1988, close to -8 m/year from 1988-1998,
-5.88 m/year from 1998-2008 and -6.67 m/year from 2008-2018. Beside
that coastal erosion, it has been noticed that the coastline also experienced
in some of its parts cases of accretion reaching 4.94 m/year for 1988-1998,
7.29 m/year from 1998-2008 and 7.68 m/year during the period 2008-2018. In
terms of surfaces, Rufisque’ shoreline respectively lost 156.81 ha (1978-1988),
80.55 ha (1988-1998), 6.94 ha (1998-2008), 12.93 ha (2008-2018) and in the same
note gained 2.86 ha (1988-1998), 32.51 ha (1998-2008) and 19.16 ha (2008-2018)
attesting to the fact that the coastline is subject to both spatiotemporal changes.
Finally, this study also reveals that while authorities’ reaction is taking place at
much lower pace, local communities are actually using their ingenuity to put in
place strategies to tackle coastal erosion.
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1. Introduction

Sea level rise is one of the major consequences of global warming. It is mainly
due to the thermal expansion of oceans, the melting of mountain glaciers as well as
margins of Greenland’ ice caps and Antarctica [1]. “However, as the rate of sea-level
rise accelerates, it may increasingly become the driving force in coastal changes” [2].
Accelerated rates of sea level could cause the flooding of low-lying land, saltwa-
ter intrusion into groundwater and streams, increased extent and severity of storm
flooding, and coastal erosion.

With over 700 km of coastline, Senegal is located at the western point of the
African continent. In addition to the huge biodiversity characterizing this coastline,
it provides important goods and services to the local economy. These 700 km of
coastal zones are widely open to the Atlantic Ocean and can be described as fol-
lows; 300 km of sandy coast; 234 km of mangroves and estuary zones and 174 km
of rocky coast. This situation makes it susceptible to phenomena such as inundation
and coastal erosion. “Observed shoreline erosion rates vary with location, but are on
average between one and two meters per year for sandy beaches, and 0.1 m to 0.7 m
for rocky coasts in Senegal” [3: pp. 7-8]. In addition to this, “More than 50 percent
of the coastline is at high risk while 25 percent of Senegal’s coast is at high risk of
coastal erosion from rising sea levels” [4]. In less than (50) years, an average decline
of 1 to 1.30 m/year has been observed causing loss of settlements and infrastructures
particularly in the “Cape Verde peninsula”, the “Grande Cote” and “Petite Cote”.

The locality of Rufisque is particularly sensitive to coastal erosion. Between 1933
and 1988, coastline retreat was estimated at 1.30 m [5: pp. 53-82]. However, the pro-
tective walls have intensified the recession rates of Rufisque shoreline especially at
the extremities of these structures, causing rapid erosion at the seafront of the local
graveyard and threatening houses and other economic infrastructures. According to
Niang et al. [6], a 1 m sea level rise would result in the disappearance of 46—-63% of
beaches by coastal erosion and 3.5-25% of the area by inundation. In some areas like
Bargny, fishing communities are experiencing serious losses of amenities due to fre-
quent storm surges. About 300 buildings housing almost 2250 dwellers are estimat-
ed to be impacted by 2080 [3]. According to Drammeh [7: pp. 43—46], recent studies
conducted by International Union for Conservation of Nature through a comparison
between the positions of the high water mark limit on aerial photographs and satel-
lite images between 1954 and 2006, shows a significant regression of Rufisque’ beach
from 0.4 to 1.5 m/year.

Studies on coastal erosion have indeed gained particular attention from re-
searchers using different approaches. Through a simple comparison of the posi-
tion of shorelines from different dates, the European Commission [8] concluded
that erosion affects 40% of the beaches of the European Union and more than 50%
of sandy coasts in France. In the United States, the comparison of historical shore-
lines of (1800s, 1930s, 1970s) with the operational mean high-water shoreline has
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proved that at least 66% of the sandy coastal strip of the Gulf of Mexico is set back [9]
and 45% of beaches from Florida to North Carolina [10] as well as 40% of Califor-
nian beaches [11: pp. 13-14]. Based on a long-term morphodynamic and stratigra-
phy analysis of coastal barriers, annual shoreline mapping using the Differential
Global Positioning System (DGPS) and local beach profile measurements, Dillen-
burg et al. [12], respectively estimated that 81-84% of the beaches of the State of
Rio Grande do Sul (Brazil) would be eroded. In Asia, Gopinath and Seralathan [13]
showed by comparing Landsat imageries of 1996, 1998, 1999 to a topographic map
of 1967 that in the Bay of Bengal, erosion has affected 29.8 km? of the Sagar Island
between 1967 and 1999. El-Hattab [14], assessed the vulnerability of the Northern
Mediterranean coast of the Nile Delta using Landsat imageries and an improved
Coastal Vulnerability Index incorporation 10 variables (geology, geomorphology,
topography, slope, erosion/accretion, mean sea level rise, and coastal protection,
population density and socioeconomic status...) and revealed that over 29.64% of the
considered coastline is at a very high risk. Recently, Torresan et al. [15] assessed
the vulnerability of the Mediterranean coasts of Egypt using a climate improved
coastal vulnerability index that proposed a new approach incorporating geologi-
cal and socioeconomic parameters in addition to physical ones. This showed that
approximately 43 km? (1%) of the coastal area is at high and very high risk while
over 80% (4652 km?) has been classified at low vulnerability. In East Africa, an as-
sessment of the evolution of the Kudichi coastline (Dar es Salam/Tanzania) through
superposition and analysis of aerial photographs of 1981, 1992 and 2002 showed
that between 1981 and 2002, 0.61 ha of land was eroded in the Kudichi area, with
an important accretion of about 2.21 ha, a loss 0.40 ha of mangrove area has been
also recorded [16]. In West Africa, Ozer et al. [17] used high resolution Google Earth
images to evaluate trends of coastline changes in Benin and Togo from 2000 to 2015
and revealed that 52% of the coastline is undergoing erosion processes while some
sections experience an accumulation (14%).

In Senegal, coastline retreat analysis involved 2 major approaches over time.
The first one was mostly oriented towards the interpretation of ancient geologi-
cal map with reference to the sea level (marine transgression and regression). The
second approach dealt with the analysis of contemporary geospatial tools involv-
ing aerial photographs, cadastral maps and recently satellite images. In the par-
ticular area of Rufisque, coastline change studies were essentially based on the
analysis of iconographic documents (aerial photographs, topographic maps, ca-
dastral maps, nautical charts, high resolution satellite images). Diallo [18], detect-
ed a shoreline evolution rate of —1.29 m/year in Rufisque using topographic maps
(1933, 1948), cadastral map (1987), and non-rectified aerial photographs (1980).
In the same area, a coastline erosion of 1.3 m/year has been recorded by Sall [19]
by analyzing cadastral maps (1933, 1945) and a non-rectified aerial photograph
of 1980 while Niang-Diop [20] used non-rectified aerial photographs of (1959,
1968, 1972, 1976, 1980) to come up with —1.2 m of annual coastal change. Dieye [21]



58 C.T. Koulibaly, J.O. Ayoade

showed that the coastline from Bel Air to Rufisque was subject to annual erosion
of 0.6 m/year by using rectified aerial photographs of 1968-1997. The same process
was used by Guerin [22] to detect a coastline retreat of 0.77 per year. However, nowa-
days, the availability of satellites imageries as well as the various automatic methods
of geospatial analysis has positively contributed to the monitoring of coastal disas-
ters such as coastal erosion. This study thus proposes a newer approach of coast-
line change assessment using Satellite imageries and the Digital Shoreline Analysis
System (DSAS). It analyzes the spatiotemporal dynamics of coastline retreat in the
locality of Rufisque from 1978 to 2018 at ten year intervals, while determining the
adaptation measures of local communities.

2. Materials and Methods

2.1. Study Area

Originally, Rufisque was a Lebou fishing village called Tenguedj (Wolof:
Téngéej) and became important in the 16th century as the principal port of the king-
dom of Cayor, being frequented by colonial masters. Its population was estimated
at 179,797 in 2002 and 490,694 in 2013 and the ethnic groups of Wolofs, principally
Lebous fishermen, are mostly represented [23: pp. 20-22].

Rufisque belongs to the geological area of the Cape Verde peninsula. It is locat-
ed 25 km from Dakar and spans about 42 km?2. According to Dubresson [24], the area
of Rufisque results from tectonics (Paleocene horts of Ndiass and Dakar, exposure
of the Lutetian marl-limestone substratum in the Miocene) as well as volcanic erup-
tions accompanying recent breaks. Its attachment to the main body of the Senega-
lese basin probably emanates from sea level” pulsations and climatic oscillations of
the Quaternary. The evolution of the basin was indeed subject to different phases
of marine transgressions and regressions responsible of a diversity of sedimentary
formations: from the Cretaceous to the Paleocene, essentially sandstone-clay marine
formations. From Paleocene to Eocene a general regression giving a biochemical sed-
imentation (clayey-marly) which gradually becomes continental, containing inher-
ited lateritic alterations [25]. Its geographical position, oceanic frame and influence
of North-North-East marine trade winds is favoring the maintenance of Guinean
affinities flora with specific environment including cool temperatures from January
to February [25].

Figure 1 shows a global presentation of the department of Rufisque with its
main coastal localities and boundaries.

Fishing still remains one of the major activities and the town also offers oppor-
tunities of tourism because it conserves significant core of buildings in the French co-
lonial style. Figure 2 illustrates the conserved colonial constructions of the main city
of Rufisque with their characteristic wrought-iron balconies and arcades, pitched
roofs of imported clay tiles.
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Fig. 2. View of Rufisque with colonial architectural buildings
(author’s field visit — August 2020)
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Fig. 3. Typical fishermen coastal community of Rufisque
(author’s field visit — August 2020)

Figure 3 shows the typical environment of coastal communities characterized
by the importance given to the fishing activity and the concentration of people along
the shore.

2.2. Activities

Data Acquisition

Shoreline movement studies often results in field measurements of the “coast-
line” based on the evolution of certain environmental indicators more or less linked
to altimetry, hydrodynamics, geomorphology or botany. However, these local mea-
surements are heterogeneous due to the diversity of survey methods and tools, the
multiplicity of operators as well as the variety of surveying periods.

Various activities were carried out in this study and the first set of information
was acquired from the field through direct observation, GPS mapping, pictures and
interviews. The second activity included the acquisition of satellite Landsat imageries
from different dates: 1978, 1988, 1998, 2008, and 2018 by MSS (Multispectral Sensor:
Landsat 1, 2, 3), TM (Thematic Mapper: Landsat 4 and 5), ETM+ (Ehanced Thematic
Mapper: Landsat 7) and OLI and TIRS (Operation Land Imager/Thermal Infrared Ra-
diation: Landsat 8) from the United State Geological Survey (USGS) platform (Tab. 1).

Nowadays, the development of free tools, providing proven algorithms for ex-
tracting information from images, facilitating access to data with the establishment
of data sharing platforms, make increasingly affordable satellite imagery in terms of
cost and technicality [26]. “Landsat imagery can be an alternative source of data for
shoreline mapping, while shoreline extraction methods can be conducted using wa-
ter index, which is easy to perform” [27].
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Table 1. Details of Landsat images used in the study

Date of Resolution Cell Coordinate
L Sensor Path/Row . Zone

acquisition [m] size [m] | system/Datum

1978-01-17 LANDSAT_3/MSS 60 221/50 60/60 UTM/WGS84 28
1988-11-29 LANDSAT_5/TM 30 205/50 30/30 UTM/WGS84 28
1998-03-14 LANDSAT_5/TM 30 205/50 30/30 UTM/WGS84 28
2008-03-17 | LANDSAT_7/ETM+ 30 205/50 30/30 UTM/WGS84 28
2018-12-27 LANDSAT_8/OLI 30 205/50 30/30 UTM/WGS84 28

Source: earthexplorer.usgs.gov

The Landsat imageries used in this study were selected according to seasons
to avoid as much errors emanating from tidal fluctuations. They were collected
during the dry season (November — May) where the tidal ranges are less important
with limited occurrence of surges compare to the raining season (June — October).
It is also important to emphasize that images of February were avoided because of
strong tidal movements accompanied with storm surges mainly due to the predom-
inance of trade winds occurring during that month.

Shoreline Delineation

For older periods, shorelines were only able to be extracted from aerial pho-
tographs. But recently, many techniques are used to map shorelines: use of differ-
ential GPS, geodimeter, Lidar data... These tools are used to locate a marker from
the shoreline, which can be an altitude, a break in slope in the profile of a beach, the
foot a dune, or a cliff or any other suitable landmark [28]. In many cases, the upper
high water level line is mostly used in shoreline detection; it generally corresponds
to the limit of stable vegetation or the edge of an erosion process. According to
Grenier and Dubois [29], this limit is rather constant and stable and constitutes the
best limit to use for coasts without cliffs (beach terrace, littoral spit) with a view to
coastal development. In the case of artificial coasts, the upper limit of the protective
structures is used.

In this study, shorelines were extracted from Landsat images by land-sea in-
terface detection techniques using unsupervised classification algorithms or super-
vised classification algorithms through ArcGIS 10.1. Remote Sensing was then used
to classify the different images into 2 classes in order to create a binary image that
clearly separated the water bodies (ocean) from its land surrounding (Fig. 4), ras-
ter files are finally converted into vector format and shorelines are then extracted
through digitization process.
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Fig. 4. Binary classification used for shoreline extraction in Rufisque

Shoreline Change Analysis

Over time, shoreline change rate studies are carried out by means of the com-
parison of georeferenced plots with several dates. In this case, obtained shorelines
from different dates were grouped in one feature class of ArcGIS 10.1 software and
then projected at the appropriate ZONE 28 N for the final Analysis using the Digital
Shoreline Analysis System that is indeed able to provide an accurate calculation of
the coastline change rates. DSAS is an extension of ArcGIS software performing sta-
tistical measurements related to the distance of the position of the shoreline between
different dates. Nowadays, it is widely trusted and used in coastline monitoring
studies. Mishra et al. [30] found that from 1994 to 2020, a total of 99 documents
in the Web of Sciences database (WoS) used DSAS as method of coastline change
monitoring. Yet in 2008, Dewidar and Frihy [31] applied it to calculate shoreline
changes of pre and post beach response to protection infrastructures erected in the
Nile Delta. DSAS was also involved in the study of coastline evolution in Guyana
from 1950 to 2013 showing a great variability of the coastline in time and space
with amplitudes of variation among the largest in the world varying between 100
and 200 m/year [32]. It has also been used in mapping coastline’s dynamics in Ivo-
ry Coast from 1998 to 2004 and provided as results an average erosion rate rang-
ing from 0.84 to 2.09 m/year [33]. In Turkey, the processes of erosion and accretion
from 1939 to 2009 along Iztuzu coastal area were investigated through DSAS and
determined coastline changes from —0.3 to +0.3 m/year over 77 years [34]. Recently
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in 2020, Thinh et al. [35] applied the Digital Shoreline Analysis system in an anal-
ysis of mangrove shoreline changes along the Giao Thuy coastal area (Vietnam)
from 2005 to 2014 revealing an average degradation rate of 1.41 m/year and the
growth rate of 1.26 m/year.

DSAS calculations are done through transects built along the shorelines. A base-
line is then constructed to serve as the starting point of all transects. The intersec-
tions between each transect and shorelines represent the point of measurement used
to calculate the shoreline evolution rate. In our study, transect spacing was 5 m
while the length was related to the distance between shorelines. Since we are more
interested in rating the evolution of the coastlines at 10-year intervals, the End Point
Rate (EPR) was used as method of calculation. The End Point Rate is the calculation
provided by dividing the distance of the oldest and most recent shoreline by the
time elapsed between them. The End Point Rate is only used to calculate the rate
of erosion/accretion between two shorelines (the oldest and youngest) expressed in
m/year and given by the equation below:

EPR — Distance between shorelines [m]

@™

Time

Finally, the annual error (E) was calculated using the uncertainties assigned
to the set of images and the elapsed time in years between images through DSAS
(Tab. 2). In this study, the annual shoreline change rate error (E) was computed us-
ing Hapke et al. [11] formula given by:

a2 +d?
E=YT1T @)

T

where d, and d, represent the estimated uncertainties of the different Landsat images
and T is the time (in years) elapsed between images.

Table 2. Annual errors associated to shoreline change rate

Period Annual error [m/year]
1978-1988 +7.11
1988-1998 +4.29
1998-2008 +4.28
2008-2018 +4.32

In order to complete this metric analysis of the shoreline evolution rate, we
also deemed it necessary to run a superficies analysis of eroded and accreted areas
using remote sensing, digitizing and geometric calculation process. Unsupervised
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classification algorithms or supervised classification algorithms functions were used
to create a binary image that separate water bodies to land surrounding. This calcu-
lation was also done using our 10 years interval analysis: 1978 to 1988, 1988 to 1998,
1998 to 2008, and 2008 to 2018. The 2 binary images of each of these 2 dates were then
overlaid one on top the other, from the most recent to the oldest for erosion detection
and from the oldest to the youngest for accretion detection.

3. Results

The results emanating from the analysis of shoreline changes show that the
coastline has been unstable over the considered period (1978-2008). Both erosion
and accretion phenomenon were noticed along the coastline but were strongly vari-
able according to time and space.

3.1. Shoreline Change Rate
Shoreline Change Rate from 1978 to 1988 (Figs. 5, 6)

Between 1978 and 1988, the analysis illustrated by Figure 5 reveals the shore-
line is strongly affected with a retreat ranging from -1 to -19.48 from Rufisque to
Toubab Dialaw.
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Fig. 5. Shoreline change rate from 1978 to 1988
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Over this period, the coastline was mainly marked by the process of erosion
with a maximum of 19.48 m/year, minimum of -1 m/year and a mean rate estimated
at —6.95 m/year. This coastline retreat varies according to the different localities, in
main Rufisque, arate of -6.25 m/year retreat was recorded and —6.94 to —8.25 m/year to-
ward the south. Around Bargny, the coastal erosion rate was estimated at —7.99 m/year
while in the village of Yenne Guedj the retreat was ranging from -5.37 to -8.22 m/year.
A rate of —6.2 m/year has been noticed at Nianghal and about -13.84 to —5.64 m to-
wards Toubab Dialaw. It is also important to emphasize that from 1978-1988 no ac-
cretion rate has been recorded throughout the coastline of Rufisque.

Another analysis mainly based on the calculation of eroded and accreted areas
in hectares also showed that from the period of time (1978-1988) the surfaces in ero-
sion are far greater than those in accretion, as shown in Figure 6.
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Fig. 6. Eroded/accreted areas [ha] from 1978 to 1988

Figure 6 shows that from 1978 to 1988 the total eroded surfaces were estimated
at 156.81 ha while no accretion has been recorded across the coastline of Rufisque,
attesting to the huge sedimentary deficit.

Shoreline Change Rate from 1988 to 1998 (Figs. 7, 8)

Within this period 1988-1998, Figure 7 shows that both erosion and accretion
have been noticed across the coastline.
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Erosion processes ranging from —0.1 to =7.9 m/year have been recorded from
the coastal sections of Rufisque to Nianghal while accretion phenomenon of 0.11
to 4.94 m/year only occurred towards the locality of Toubab Dialaw which is still
eroded in some of its parts. The mean rate of coastline change was estimated
at —2.58 m/year, showing net regression compared to the 1978-1988 period.

However, the surface analysis illustrated by Figure 8 shows that the phenom-
enon of erosion remained more important than accretion with a clear sedimentary
deficit.

From 1988 to 1998 the estimated eroded surface was about 80.552 ha on 2.865 ha
of accreted areas showing an important sedimentary deficit of 77.687 ha and a rate
of 8.05 ha/year of erosion and 0.28 ha/year of accretion. Even if the surface of eroded
areas has tremendously decreased compared to 1978-1988, erosion still remained
a serious problem in that time.

Shoreline Change Rate from 1998 to 2008 (Figs. 9, 10)

From 1998 to 2008, the mean rate of coastline change provided by the analysis
was estimated at 1.04 m/year. This indicates that this period was marked by import-
ant accretion as shown in Figures 9 and 10.

Figure 9 shows that during this period, the coastline was obviously marked
by important accretion ranging from 0.1 to 7.29 m/year and less important erosion
from -0.1 to -5.88 m/year.
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The coastline around Rufisque was mainly experiencing accretion of
about 1.3 m/year. In Bargny, the noticed rate of accretion reached 4.15 m/year while
in the localities of Yene Guedj and Nianghal 0.51 and 1.07 m/year have been record-
ed respectively. The rare cases of erosion (-5.88 m/year) over this period have been
recorded towards Toubab Dialaw which also recorded in some of its parts rate of
accretion of about 0.5 m/year.

This trend has been also verified by the analysis of eroded and accreted ar-
eas (Fig. 10). It has been recorded for the first time that the accreted surfaces were
greater than eroded ones, giving a positive sedimentary balance.
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Fig. 10. Eroded/accreted areas [ha] from 1998 to 2008

For this exceptional period 1998-2008, eroded areas were estimated at 6.943 ha
while accreted surfaces spans about 32.519 ha, rate of erosion of about 0.694 and
3.251 ha/year of accretion attesting to a positive sedimentary balance with an excess
of 25.576 ha.

Shoreline Change Rate from 2008 to 2018 (Figs. 11, 12)

During this period, the mean coastline change rate was 0.23 m/year, attest-
ing to important accretion. The maximum rate of erosion was estimated at —6.67
over a minimum of —0.1 while accretion ranges from 0.1 to 7.68. Figure 11 illustrates
shoreline evolution from 2008 to 2018 according to the different rates and locations.
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It appears that in the locality of Rufisque, the rate of erosion was about
-0.42 m/year while accretion rate was about 1.43 m/year. However, the coastal seg-
ment encompassing the fishermen villages of Bargny, Yene Guedj is still subject
to erosion rates ranging from —2.26 to —1.64 m/year while the localities of Nianghal
and Toubab Dialaw respectively recorded about 3.58 and 2.59 m/year of accre-
tion rate.

From 2008 to 2018 the coastline was both subject to erosion and accretion phe-
nomenon with a strong spatial variability. However, it clearly appears that the ac-
cretion was more important during that period, with a positive sedimentary balance
shown in Figure 12.

From 2008 to 2018, erosion was mainly identified in the villages of Bargny
and Yenne Guedj with total eroded areas estimated at 12.934 ha, an annual rate
of 1.293 ha/year. The city of Rufisque and localities such as Nianghal and Toubab
Dialaw have experienced the phenomenon of accretion and the total calculated ac-
creted surfaces were 19.167 ha, an annual rate of 1.916 ha/year. The coastline then
gained around 6.233 ha, representing a positive sedimentary balance.

4. Discussion

The coastline retreat of Rufisque is strongly marked with spatiotemporal
changes because it was both subject to different rates of erosion and accretion
varying from localities and times series. From 1978 to 2018, the maximum rate of
erosion was reached between 1978 and 1988 and estimated about -19.48 m/year
with a total loss of over 156.81 ha; that period (1978-1988) has been classified
as the most intense in terms of erosion because no phenomenon of accretion
has been detected throughout the coastline, the mean rate of coastline change was
about —6.95 m/year. This situation is quite different from the previous study of
Niang-Diop [20] that recorded an average rate of 1.20 m/year decline for the peri-
od 1959 to 1980 with maximum retreat observed between 1972 and 1976 with an
average rate of 2.8 m/year. Before then Diallo [18] and Sall [19] had already de-
termined an average decline rate of 1.30 m per year from 1933 to 1980. However,
both studies mentioned that erosion was very intense and caused serious damage
during the 1980s. The phenomenon was less important from 1988 to 1998, when
a maximum of 7.9 m/year and mean of —2.58 m/year of retreat were determined,
with a sedimentary deficit of about 77.687 ha. Even if a serious decline in the rate of
retreat has been recorded compared to 1978-1988, the majority of the coastline was
still experiencing erosion with rare phenomenon of accretion located around the
locality of Toubab Dialaw. It is also important to emphasize that towards Rufisque
city, some areas remained stable. According to Niang-Diop [20], the reduction in
the rate of erosion in the locality of Rufisque was mainly due to the realization
of coastal protection facilities between 1983 and 1989. The 1998-2008 period was
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dominated by accretion phenomenon noticed throughout the coastline. The mean
rate of shoreline change was for the first time positive and estimated at 1.04 m/year
with a maximum accretion of about 7.29 m/year and over 32.519 ha of accreted
surfaces while erosion ranges from -0.1 to —-5.88 m/year with a loss of 6.943 ha but
a positive sedimentary balance of 25.576 ha. Therefore, it clearly appears that the
phenomenon of erosion has seriously regressed compared to the previous time
series of 1978-1988 and 1988-1998. This regression proved that efforts have been
made in terms of coastline management because in 2005, the National Adaptation
Plan to climate change was launched with a particular interest in securing the ur-
gent protection of coastal localities such as Rufisque. From 2008 to 2018, the mean
coastline change was estimated at 0.23 m/year attesting to a positive sedimentary
balance with the dominance of the phenomenon of accretion mainly felt in the lo-
calities of Rufisque and the tourist destination of Toubab Dialaw thanks to coastal
protection facilities (dykes, groynes and riprap) while the villages of Bargny and
Yene experienced recrudescence of erosion ranging from -2.26 to —1.64 m/year.
Compared to 1998-2008, it obviously appears that accreted areas have regressed
while erosion is taking place.

The results arising from the analysis of coastline changes from 1978 to 2018 are
showing two general trends:

- intense erosion process going from 1978 to 1998 with a peak mean of coast-

line retreat of —6.95 m/year,
— accretion process from 1998 to 2018 with a maximum mean of about
1.04 m/year.

Fig. 13. Ongoing erosion at Rufisque and Bargny Guedj
(author’s field visit — August 2020)

However, it has been noticed in the field that the phenomenon of erosion is still
persisting along the coastline of Rufisque with serious damage inflicted on coast-
al communities. Figure 13 offers a view of the disastrous effects of coastal erosion
across Rufisque’ coastline.
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Figure 13 shows that even if important shoreline protection efforts have been
felt in Rufisque, the process of coastal erosion is still important on the field as shown
by these abandoned buildings collapsing into the sea, while in the fishing village of
Bargny Guedj the situation is almost apocalyptic.

Long-term analysis of coastline changes over the Senegalese coastline us-
ing DSAS has proven that the south west coast of Senegal (Casamance), where
a study carried out from 1968 to 2017, is also subjected to two major trends char-
acterized by a global accretion from 1968 to 1986 followed by a period of beach
decline (1986-2017) with an attenuation of erosion process occurring between 2004
and 2017 [36]. Along the North West coast (Saint-Louis), both processes of retreat
and accretion were detected from 1978 to 2018 with a rate of coastal erosion rang-
ing from —0.1 to -35.36 m/year and accretion from 0.11 to 18.34 m/year [37]. The
same study showed that the coastline of Saint-Louis is also subject to strong spatial
variability; some areas located northward such as the fishing villages of Guet-Ndar,
Ndar Toute and Goxumbacc were affected with shoreline retreat of -1.53 m/year
(Guet-Ndar), -2.94 m/year (Ndar Toute) and -1.9 m/year (Goxxumbacc) respective-
ly while the highest rates of erosion (from -9.39 to 35 m/year) have been record-
ed around the new mouth [37]. Ultimately, Bakhoum et al. [38] revealed a strong
spatial temporal variability of the coastline of Dakar from 1954-2015, with a dom-
inance of eroded surfaces over accreted areas attesting to a negative sedimentary
budget. On the same note, Biondo et al. [39] recorded EPR values ranging from -0.51
to —2.92 m/year along the Urban Mediterranean beaches such as the gulf of Cagliary
from 1954 to 2016.

These long term observations can be compared to the short term assessment
of coastline changes showing an alteration of about 21,847.978 m of the coastline
with a rate of =3.05 m from 1990 to 2010 in Ghana [40]. It has also been shown that
the coastline of Grand Lahou (Ivory coast) was subject to maximum rate of erosion
of 2.09 m/year from 1998 to 2004 [33].

In any case, DSAS has been proven to be a successful tool that definitely contrib-
utes to short and long term analysis of coastal erosion emanating from natural and
anthropogenic pressure, while the most highlighted ones are more or less related
to sea level rise, slope instability, rapid building expansion. The coastline from Ru-
fisque to Toubab Dialaw is experiencing an ongoing urbanization process inducing
huge demand for construction materials. Urbanization and economic activities exert
considerable pressures on coastal areas, including coastal engineering works, reg-
ulation of river basins (in particular the construction of dams), dredging, clearing,
extraction of marine aggregates, sand, natural gas and water and land occupancy
demands [8]. Armah [40] pointed out that in addition to natural factors, sand min-
ing, infrastructures and other commercial and social activities are among the major
drivers of coastal erosion in Ghana. Urbanization also reduces the surface of coastal
ecosystems and deeply impacts their natural functioning by contributing to the phe-
nomenon of sediment deficit through sand beach extraction. Diallo [18] mentioned
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out that the estimated daily amount of sand beach mining in Dakar (including Ru-
fisque) ranged from 10 to 15 tons. Figure 14 is actually showing a carter loading sand
along the shoreline.

N 5 W i > .
e ron ry
it _?a—:i.u'a. G 2 D o

Fig. 14. Ongoing Sand beach extraction at Bargny Guedj
(author’s field visit — August 2020)

Extraction of beach sand is not a new phenomenon and is very much a current
practice. It has long been questioned throughout several countries for its influence
on the regressive evolution of coastlines. Despite research in small islands, the Ca-
ribbean, Togo [41, 42], in Senegal [18, 19, 20], in Central Africa, Gabon, and the vari-
ous proposed solutions, it still remains an important driver of coastal erosion. Sand
beach mining is a prohibited and punished practice still ongoing along the coastline
of Rufisque. Until now, local communities have used the sand for house building
and hence worsening their vulnerability to coastal erosion. Therefore, Niazi [43]
pointed that the different sections of any coastline are interrelated, acting on a given
point (by digging, mining or building) would have inevitable repercussions else-
where, always negative and very difficult to predict and then intensifying coastline
vulnerability.

The erection of infrastructure (dams, dikes) on watercourses may reduce the
solid transport by trapping millions of cubic meters of sediment per year. These
sediments therefore no longer reach the mouths of rivers and neighboring coasts,
which creates a significant sediment deficit as rivers are significant coastal sediment
suppliers [44].
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On the other hand, coastal facilities (riprap, breakwaters, jetties, etc.), intended
to properly protect by fixing the coastline, strongly modify the methods of trans-
porting coastal sediments and can accelerate erosion phenomena by laterally defer-
ring it [45]. It has also been highlighted that the destruction of vegetation through
anthropogenic action as a non-neglected driver of coastline retreat as vegetal cover
plays a positive role in increases the resistance to erosion [8].

Erosion is also exacerbated by the narrowness of the continental shelf which fa-
cilitates the entry of waves with strong energy. Wide beaches have a better ability to
cushion crises than narrow beaches [46-48]. However, the plateau of the Cape Verde
peninsula is extremely narrow (2-5 km) with continental slope of 1-1.5%, facilitating
movements of sediment in deep water towards the open sea [20] and exposure to
sudden and unpredictable storm surges [43].

5. Adaptation Strategies

Along Rufisque’ coastline, local communities are attempting to protect their
amenities against the sea using different methods. Figure 15 shows the different
community based adaptation strategies, mainly including the use of sandbags, tires,
and cement blocks.

Fig. 15. Community based adaptation strategies to coastal erosion in Rufisque and Bargny
(author’s field visit — August 2020)
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It has been noticed that bags are filled with beach sand and superposed along
houses while two forms of uses have been observed for the tires. In some areas tires are
horizontally superposed and filled with sand, rocks or cement blocks, in others they
are firstly tied together and half buried along houses. These desperate attempts to pro-
tect their amenities are still inadequate to face the disastrous effects of coastal erosion.

However, some efforts of coastline protection have been put in place by local
authorities. Projects of huge structural coastal protection facilities such as dykes,
groynes, riprap and walls have been implemented. The latest infrastructure against
coastal erosion is the frontal dyke of Thiawlene inaugurated in July 2013. Figure 16
offers a frontal view of that infrastructure.

Fig. 16. The Frontal Dyke of Thiawlene (Rufisque)
(author’s field visit — August 2020)

This dyke is 730 m in length and 23 m in width, and was executed at the cost
of 6.5 million USD from the West Africa Monetary Union. The idea of building a new
dyke, especially in the Rufisque-Est area, started from the tragedy of July 2007 when
serious damages were recorded by the communities there, including the collapse of
the fence wall of the local cemetery.

6. Conclusion

The study analyzed the phenomenon of coastline changes along Rufisque
from 1978 to 2018 at 10 year intervals. It concluded that the evolution of the shore-
line was marked by strong spatial and temporal variations. Both the phenomenon
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of erosion and accretion were identified along the study area with different rates.
According to our time series, erosion was more active from 1978 to 1998 while conse-
quent accretion took place from 1998 to 2018. Coastline retreat was mostly felt in the
localities of Bargny, Yene Guedj and Nianghal while Rufisque and Toubab Dialaw
recently recorded important levels of accretion. However, the study found that the
process of erosion is still very active along the coastline with serious effects on coastal
communities. It was also noticed that the community based adaptation strategies to
coastline erosion are still crude and temporary and unadapted to face such disasters
as storm surges. Finally, appropriated coastal protection facilities involving huge
structural facilities such as dykes and groynes have only been identified at Rufisque,
being the sole area to benefit from these kinds of infrastructure, while in areas such
as Bargny, mainly inhabited by modest fishing communities, the situation is still
alarming and at times desperate. Therefore, more efforts should be concentrated
in terms of coastal protection facilities along these localities. Our study also opines
that the community dimension must be included in both local and national plan re-
garding adaptation to sea level rise and its resulting impacts such as coastal erosion.
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