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ABSTRACT

Coastal zones, as highly dynamic and complex environments, have substantial ecological and territorial implications
for both government authorities and coastal managers. This research study investigated the impacts of port construc-
tion on shoreline dynamics along the coastal region of Ksar Esghir, located on the northern coast of Morocco, over
a 19-year period (2002—2021). This study aimed to characterize the evolution of the coastline using high-resolution
satellite images in a geographic information system (GIS) environment. Coastline evolution was assessed using
GIS tools, particularly the digital shoreline analysis system (DSAS). Statistical approaches were used to determine
the net rates of shoreline change, namely the end point rate (EPR) and net shoreline movement (NSM). Three main
sectors were defined for the study area: The Eddallya sector, the western sector of Ksar Esghir and the port sector.
As aresult, two distinct zones have been identified in the Eddallya sector. Zone I shows an average accretion of +1.46
m/year, while zone II shows an erosion of -0.80 m/year. Analysis of the western sector of Oued Ksar Sghir revealed
both erosion and accretion sites. Furthermore, the port sector showed positive values for shoreline evolution, with an
average of +9.44 m and a rate of +0.49 m/year, signifying significant shoreline expansion over the study period. These
findings highlight the dynamic and highly complex processes involved in coastal development in the study area.
The results suggest that sediment dynamics, tidal regimes and potential anthropogenic influences have a significant
impact on shoreline evolution, especially where port construction is concerned. The outcomes of this study provide
helpful information for better and sustainable coastal management along the coastal area of Ksar Sghir.
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INTRODUCTION

Coastlines are situated within dynamic envi-
ronments characterized by frequent interactions
between the ocean, atmosphere, and human activ-
ities. This dynamic interplay results in a continu-
ous movement of the shoreline, both landward
and seaward. The driving forces behind these
shoreline changes can be classified into three main
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factors: internal factors, external factors, and hu-
man interventions (Thoai et al., 2019). Internal
factors encompass a range of natural processes,
including nearshore currents, wave energy, tidal
fluctuations, and alterations in sediment distribu-
tion (Williams et al., 2018).

Coastal areas play a crucial role in providing
valuable ecosystem services as well as supporting
high levels of ecological and biological productivity.
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However, these regions are often targeted for the
development of tourist accommodations and infra-
structure, as exemplified by the studies conducted
by (Benkhattab et al., 2020a; El Khalidi et al., 2021;
Hakkou et al., 2018; Maanan et al., 2018). Notably,
a significant portion of the global population, ap-
proximately 44%, resides within 150 kilometers of
a coastline, underscoring the importance of coastal
environments (Syvitski et al., 2005).

To understand natural and anthropogenic
changes in natural ecosystems and to plan suc-
cessful remediation projects, the deposition and
erosion processes need to be understood (Bouch-
kara et al., 2022; Jaffe et al., 2007). Shoreline
dynamics can be categorized into three primary
states: erosion (retreat toward land), equilibrium
(stability), and accretion (seaward extension)
(Salghuna and Bharathvaj, 2015). These states
are intricately linked to such factors as the avail-
ability of sediment for beach formation, sea-level
fluctuations, and the development of landforms
(Salghuna and Bharathvaj, 2015). Both natural
processes and human activities significantly in-
fluence shoreline erosion and accretion, leading
to changes in the surrounding ecosystems (Sara-
nathan et al., 2011; To and Thao, 2008).

The study of shoreline changes has been the
focus of numerous investigations worldwide
(Addo et al., 2011; Maiti and Bhattacharya, 2009;
Moussaid et al., 2015; Ozturk and Sesli, 2015;
Zuzek et al., 2003). To extract valuable informa-
tion about shorelines and water bodies, various
methods are employed, serving diverse purposes,
including the detection of coastline alterations,
coastal zone management, watershed delineation,
and flood prediction (El Mrini et al., 2012).

In this research, geospatial techniques, geo-
graphic information systems (GIS), and the digital
shoreline analysis system (DSAS) were applied
to analyze the shoreline changes along the Ksar
Esghir coast during 19 years from 2002 to 2021.
The study utilized a range of statistical methods,
with a particular focus on the net shoreline move-
ment (NSM) and end point rate (EPR) (Moussaid
etal., 2015; Thieler et al., 2009, 2005; Thieler and
Danforth, 1994).

The primary objectives of this study encom-
passed three key aspects: (1) quantifying the areas
experiencing erosion and accretion, (2) evaluating
long-term shoreline change rates, and (3) assess-
ing the impact of human activities, with a specific
emphasis on the influence of port construction
and the evolution of the coastal environment.

MATERIALS AND METHODS

Study area

The study area spans the municipalities of Ksar
Sghir, Ksar El Majaz, and Taghramt, within the
province of Fahs-Anjra, in the Tangier-Tetouan-
Al Hoceima region, located in the northern part of
Morocco. Geographically, the studied coastline is
situated between the city of Tangier to the west and
the city of Ceuta to the east. It is bordered to the
north by the Strait of Gibraltar and to the south by
the geological formations of the external Rif moun-
tain range. The study area represents a small section
of Morocco’s northern coastline, specifically within
the Strait of Gibraltar region. It extends between
geographical coordinates X, =470529, X =498297,
Y, =580153,Y,=589565, with an east-west orien-
tation, covering a length of approximately 40 km.

Data collection

In this research work, satellite images from
Landsat 7 ETM+ (Enhanced Thematic Mapper Plus)
and Landsat 8 OLI (Operational Land Imager), with
a spatial resolution of 30 meters, were used.

The study of coastal evolution in the Ksar
Sghir region covered a 19-year period, from 2002
to 2021. This study is mainly based on the analy-
sis of coastal positions extracted from satellite
images acquired over the various years. These
data were collected by accessing multi-temporal
Landsat satellite images, including both ETM+
and OLI data, from the USGS website (https://
earthexplorer.usgs.gov/) for the following mile-
stone years: 2002, 2009, 2010, 2014, 2017 and
2021. The images captured during the summer
months (May, June, July, August and September)
were chosen to minimize the presence of clouds
and thus improve data clarity. In addition, image
acquisition was meticulously timed to coincide
with low tide conditions in the study area, as il-
lustrated in Table 1, to mitigate potential atmo-
spheric distortions. Moreover, a comprehensive
correction process was applied to refine the im-
aging data. This included both atmospheric and
radiometric correction, using the fast line-of-
sight atmospheric analysis of spectral hypercubes
(FLAASH) module in ENVI software version
5.3. These corrections have improved the accura-
cy and reliability of the studied image data, facili-
tating a more robust analysis of coastal evolution.
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Figure 1. Study area location

Table 1. Characteristics of the collected data

. . isiti i Ksar Sghir (Morocco)

Satellite/captor Resolution (m) SEZ%aI )(A;‘]CfgurlT?rI:Zj?rT?ren?g‘; Low tides Low tides
Landsat 7 (ETM+) 30 8 10 :44/11/07/2002 8:34 AM 2:19AM
Landsat 7 (ETM+) 30 8 10 :45/30/07/2009 9:08 AM 2:29 AM
Landsat 7 (ETM+) 30 8 10 :55/30/05/2010 9:30 AM 3:19 AM
Landsat 8 (OLI) 30 9 10 :46/21/08/2014 5:41 AM 12:32 PM
Landsat 8 (OLI) 30 9 10 :55/26/06/2017 9:40 AM 3:22 AM
Landsat 8 (OLI) 30 9 10 :55/08/08/2021 7:10 AM 12:47 PM

Shoreline extraction

The selection of indicators from which to ex-
tract the shoreline represents the second step in
the process. It is crucial to define these indicators
based on the specific environment. In the con-
sidered case, water was chosen as the indicator
for shoreline identification. The shoreline and its
evolution, be it erosion or accretion, irrespective
of the definition used, serve as representative in-
dicators of the land-sea boundary (Hapke et al.,
2006). The shoreline was extracted using the non-
normalized difference water index (DWI), the
near-infrared (NIR) band, and principal compo-
nent analysis (PCA). These methods, combined
with thresholding techniques, have produced re-
sults better than other water index methods.
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Moreover, thresholding provided reliable out-
comes, primarily by identifying water and non-
water pixels. While thresholding involves using a
fixed value, it can pose challenges in the presence
of shadows, hills, forests, and urban areas. It is a
complex and time-consuming task since thresh-
old values can vary based on the location and tim-
ing of image acquisition.

The comparative study of water surface ex-
traction methods aimed to devise the most accu-
rate approach that consistently improves water
extraction precision in the presence of various
environmental noise sources while maintaining a
relatively stable threshold value (Liu et al., 2011).

Following the comparison of results, it be-
comes evident that the thresholding approach
using principal component analysis (PCA) pro-
vides the sharpest and most reliable results. This
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Figure 2. Water surface extraction from Landsat-7 ETM+ and Landsat-8 OLI images using PCA
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Figure 3. Results of PCA
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method was utilized for shoreline digitization, en-
suring high-quality results.

The shoreline extraction was carried out
through manual digitization of the processed im-
ages for each year. The resulting polyline files
were saved in a geodatabase within ArcGIS 10.6.
These polyline shapefiles served as input data for
the DSAS v.5 (Digital Shoreline Analysis Sys-
tem) software (Thieler et al., 2009, 2005).

DSAS model

In this research study, the DSAS (Digital
Shoreline Analysis System) software was used to
analyze the evolution of the shoreline in the Ksar
Sghir region. DSAS is a plugin developed by the
United States Geological Survey (USGS), avail-
able for free, and it operates within the Environ-
mental Systems Research Institute’s (ESRI) Arc-
GIS Geographic Information System (GIS) soft-
ware. DSAS calculates rate-of-change statistics for
achronological series of vector shoreline data. This
tool has been employed in various studies to mea-
sure and monitor coastline dynamics worldwide
(Benkhattab et al., 2020a, 2020b; El Khalidi et al.,
2021; Hakkou et al., 2018; Miranda et al., 2019;
Moussaid et al., 2015; Nassar et al., 2019; Quang
et al., 2021; Thieler et al., 2005, 2009; Thieler and
Danforth, 1994; Zagorski et al., 2020).

DSAS version 4.3 within ArcGIS 10.3 was
utilized to automatically measure changes in
reference lines for comparison. These reference
lines were spaced 100 meters apart and were gen-
erated from a baseline.

DSAS measures the distances between the
intersection points of transects and coastlines,
calculates change rates along each transect, and
presents the results in tabular form. The software
provides various statistics to assess coastline
dynamics.

This process began with the creation of tran-
sects, followed by index calculation and the
graphical representation of attribute tables of the
calculated indices as per their relevance. Statisti-
cal calculations involved the automatic analysis
of all transects to define the areas of change and
calculate their average values (Faye, 2010; Thiel-
er et al., 2009).

After calculation, the attribute table of tran-
sects contains various indices considered dur-
ing configuration, with the most relevant ones in
this study being the end point rate (EPR) and net
shoreline movement (NSM).
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End point rate — is the ratio of the distance be-
tween the oldest and most recent coastline posi-
tions over the time (number of years) elapsed be-
tween the two dates. Expressed in meters per year
(Thieler et al., 2005). The end point rate method
uses only two known positions of the reference
line (the oldest and most recent positions). The
distance (in meters) measured between these ex-
treme shoreline locations during the study period
is divided by the number of years to obtain the
annual shoreline change rate. The advantage of
this method lies in its simplicity. However, when
intermediate positions between the two extreme
dates of the study period are available, the rates
estimated by this technique will not account for
potential temporal variations in shoreline change
(Sagne et al., 2021).

Net shoreline movement — indicates the dis-
tance between the oldest and most recent coast-
lines for each transect, with units expressed in
meters (Thieler et al., 2009).

RESULTS

The study of the historical evolution of the
coastline in the coastal area encompassing the
three municipalities of Ksar Sghir, Ksar El Majaz,
and Taghramt was conducted using the Landsat
satellite images during the period from 2002 to
2021. Over these 19 years, the analysis focused on
three distinct sectors due to significant variations
in shoreline change rates across different parts of
the study area. These sectors include the following:
e Western sector of Ksar Sghir: This sector cov-

ers the western portion of Ksar Sghir and con-

stitutes the first area of interest in the analysis.
e Port sector of Ksar Sghir: The second sec-
tor of interest is the port area of Ksar Sghir,
which may have experienced unique shoreline
dynamics attributed to the construction and
operation of the Mediterranean Ports (Tanger

Med I and Tanger Med II).

e Eddallya sector: The third sector encompasses
the Eddallya region, serving as another focal
point for shoreline analysis.

Throughout the study period, various anthro-
pogenic modifications were introduced in terms
of coastal structures within the study area. These
modifications could include the construction of
coastal protection structures, such as breakwa-
ters, groins, or seawalls. Additionally, the study
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Table 2. Sector numbers and transects delimiting each sector using DSAS

N° Studied sectors Transects numbers Sector extension (Km)
West sector of Ksar Sghir 1.148 21.52

2 Port zone 148_266 10.40
Eddallya sector 266_328 8.22

might consider changes before and after the es-
tablishment of the Mediterranean Ports (Tanger
Med I and Tanger Med II).

The selection of these sectors and the consid-
eration of specific timeframes for analysis (pre
and post-construction of coastal structures or
ports) aim to capture the diverse impacts of hu-
man activities and engineering interventions on
the coastal environment. These modifications can
significantly influence shoreline dynamics, ero-
sion rates, and sediment transport patterns.

By focusing on these distinct sectors and
timeframes, the study aimed to provide a compre-
hensive understanding of the historical evolution
of the coastline in this region, taking into account
the complex interplay between natural processes
and human-induced changes.

West sector of Ksar Sghir

This sector has been divided into three distinct
zones to capture the varying rates of shoreline

change (Figure 4). Importantly, these changes are
considered in light of the construction and opera-
tion of the Mediterranean Ports (Tanger Med I
and Tanger Med II) and their potential influence
on coastal areas and shoreline dynamics.

Zone I, encompassing the first transect to the
70th transect, exhibits a significant degree of ero-
sion. The average shoreline changes within this
zone measure approximately -5.97 m, with an
overall erosion rate of roughly -0.32 m/year. Zone
II presents a more intricate shoreline change pat-
tern. While there is an overarching trend of accre-
tion, intermittent areas are exhibiting slight ero-
sion. The average shoreline change in this zone
stands at approximately 5.30 m, with an average
variation rate of around 0.27 m/year. The con-
struction of coastal structures associated with the
ports may have influenced sediment deposition in
this area, contributing to the observed accretion.

The third zone, spanning from the 121* tran-
sect to the 148" transect, showcases a substantial
accretion trend. Here, the shoreline has expanded
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Figure 4. Evolution of the shoreline in the littoral part of West Ksar during the period 20022021
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by an average of approximately +16.38 m, with
a rapid accretion rate of approximately +0.86 m/
year. The coastal protection measures associated
with the ports could have played a pivotal role
in enhancing sediment deposition and fostering
accretion in this area. The maximum net evolu-
tion observed at the 88th transect, where a sig-
nificant accretion of approximately +62.54 m has
occurred, equivalent to an annual accretion rate
of'about +3.23 m/year. This remarkable accretion
may be a result of sediment deposition influenced
by the nearby port infrastructure.

472!000

4T4III 00 475’100

The evolution of the shoreline along the west-
ern coast of Ksar Sghir from 2002 to 2021 ex-
hibits diverse patterns of erosion and accretion
across different zones. These patterns are likely in-
fluenced by the construction and operation of the
Mediterranean Ports (Tanger Med 1 and Tanger
Med II) and the associated coastal protection mea-
sures. The ports can significantly alter sediment
transport dynamics, resulting in both erosion and
accretion, as observed in the various zones.

Figure 5 presents a map illustrating the varia-
tion of End Point Rate (EPR) and Net Shoreline
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Figure 5. Classification map of shoreline changes using the EPR method (A) and the NSM method (B)
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Movement (NSM) by transect along the desig-
nated sector. This map highlights notable fluctua-
tions in EPR and NSM values calculated using
the DSAS tool.

Starting from the western shoreline near
Oued Aliane and extending eastward, there is a
significant range of variation in both EPR and
NSM, ranging from -105.3 (-5.6 m/year) to 10
meters (0.5 m/year). The majority of this region is
characterized by erosion, particularly evident in
the western part near Oued Kenkouz. Here, sev-
eral transects exhibit substantial shoreline retreat,
with EPR values ranging between -105.3 m (5.6
m/year) and -20.6 m (3 m/year).

Moving towards Ksar Sghir in the eastern
part of Oued Aliane, there is a prevalence of pos-
itive EPR and NSM values indicating accretion.
These values range from +10 m (+0.5 m/year)
to +334 m (+2 m/year). Additionally, certain
transects in this area show intermittent negative
values, suggesting localized erosion, with EPR
values ranging from -6.9 m (-1 m/year) to -105.3
m (-3 m/year).

The evolution of the shoreline in the port
sector

This sector is divided into three zones; I, 11
and III (Figure 6). The analysis of the results has

revealed significant variations in the non-port ar-
eas, specifically in Zone 2. However, Zones 1 and
III, where the ports are situated, were excluded
from the calculations due to their engineered and
modified nature, which may not yield reliable
results when analyzed using the DSAS software
(Figure 6).

In Zone I, characterized as the non-port area,
the analysis indicates a prevailing trend of accre-
tion with minimal erosion. This is evident from
the positive values of shoreline evolution, with an
average of approximately +9.44 m and an average
rate of change of about +0.49 m/year.

The positive values of shoreline evolution in
Zone II signify that, on average, this area has ex-
perienced net accretion over the study period from
2002 to 2021. Accretion suggests an increase in
the landward extent of the shoreline, which can
be influenced by various natural processes and
sediment dynamics.

Overall, this area stands out as an area of net
shoreline accretion with limited erosion, indicat-
ing a positive trend in shoreline evolution.

The shoreline dynamics within Zone 2 are
primarily characterized by a prevailing trend of
accretion, which is evident when examining the
classification of transects using the EPR and
NSM methods. This classification reveals the fol-
lowing shoreline change patterns:
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Figure 6. Evolution of the shoreline in the coastal part of the port area of Ksar Sghir over the period 2002-2021
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To the west of Oued Ksar Sghir, the EPR and
NSM values range from -6.9 m (-0.5 m/year) to
10 meters (0.5 m/year). This indicates a mix of
slight erosion and accretion along different tran-
sects within this segment. Some transects exhibit
values between -13.7 m (-1 m/year) and 20.6 m
(3 m/year), signifying more pronounced varia-
tions in shoreline position. These fluctuations can
be attributed to the complex interactions between
erosional and depositional processes, sediment
availability, and local coastal conditions.

Moving towards Ksar Sghir Beach in the east-
ern part of Zone I, a notable stability of positive
values is observed. These values fall within the
range of +10 m (1 m/year) to +334 m (3 m/year),

indicating a relatively stable shoreline with consis-
tent accretion tendencies. This suggests that this
portion of the coastline has experienced a consis-
tent landward expansion over the study period.
The stability and positive values of EPR and
NSM in this eastern segment suggest that sedi-
ment deposition processes, sediment transport
patterns, or natural shoreline dynamics may have
contributed to the observed accretion. Under-
standing these processes is essential for informed
coastal management and planning in this region.
It is worth noting that the observed shoreline
dynamics can be influenced by a variety of fac-
tors, including sediment availability, wave and
tidal patterns, as well as potential anthropogenic
interventions or coastal protection measures.
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The evolution of shoreline in the Eddallya
sector

The shoreline evolution graph for the Eddal-
lya sector illustrates two distinct zones with dif-
fering shoreline dynamics (Figure 8):

In Zone 1, there is a notable positive shoreline
evolution trend, indicating accretion. The average
variation in distance observed in this zone is ap-
proximately +26.63 m, with a relatively high ac-
cretion rate of about +1.46 m/year. This suggests
that, on average, the shoreline in this area has been
advancing seaward, potentially due to sediment de-
position and natural processes favoring accretion.

Conversely, Zone 1l exhibits a significant im-
pact of erosion. The shoreline in this zone has been
experiencing erosion at an average rate of approxi-
mately -0.80 m/year. This corresponds to an aver-
age variation in distance of approximately -26.3 m.
The negative values signify a landward retreat of the
shoreline, which may be attributed to erosional forc-
es such as wave action, sediment loss, or other envi-
ronmental factors contributing to shoreline erosion.

The stark contrast in shoreline dynamics be-
tween Zone | and Zone II underscores the com-
plex nature of coastal processes within the Ed-
dallya sector. While Zone I is characterized by
accretion and shoreline advancement, Zone II is
marked by erosion and shoreline retreat.

These observations emphasize the impor-
tance of understanding the specific drivers and
mechanisms influencing the shoreline changes in
each zone. Factors such as sediment availability,
wave and tide patterns, as well as potential an-
thropogenic impacts, can play a significant role in
shaping shoreline dynamics.

The Eddallya sector, particularly in the vicin-
ity of the coastal zone near Oued El Marsa, is sig-
nificantly affected by erosion. This area exhibits
pronounced shoreline retreat, with values ranging
from -20.5 m to -105.3 m. These erosion rates
correspond to an average annual rate of coastal
retreat ranging from -3 m/year to -5.6 m/year
(Figure 9). The substantial erosion observed in
this sector signifies a landward movement of the
shoreline over time, reflecting the dynamic inter-
play of erosional forces. Such forces may include
wave action, sediment loss, and other environ-
mental factors contributing to shoreline retreat.

DISCUSSION

Within the scope of this study, two highly
effective methods were employed, namely the
End Point Rate (EPR) and Net Shoreline Move-
ment (NSM), as proposed by the DSAS software
(Thieler et al., 2009). These methods provide a
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Figure 8. Evolution of the shoreline at the Eddallya sector over the period 2002-2021
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comprehensive assessment of shoreline variation
at specific points.

The results indicate a dynamic interplay be-
tween erosion and accretion along the three sec-
tors studied during the period from 2002 to 2021.
Notably, a significant erosion trend was observed
in the west part of the Oued Kankouz estuary. Ad-
ditionally, the region around the Oued El Marsa
estuary exhibited significant erosion, with erosion
rates reaching up to -2 m/year.

Utilizing the EPR and NSM methods, sub-
stantial accretion was identified in two distinct
coastal segments. An advancement of the shore-
line, with an average rate of +2 m/year, was ob-
served between the Oued Aliane estuary and the
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military port. Furthermore, a more pronounced
accretion was identified beyond this region, with
erosion rates exceeding +1 m/year and shoreline
advancement exceeding +10 m. These areas are
characterized by sediments that become trapped
near the estuaries, unable to discharge into the
sea, resulting in a sediment deficit caused by sedi-
ment transport patterns.

Moreover, the conducted analysis reveals that
the studied coastline is characterized by fragility,
featuring both unstable and relatively stable zones.
The evolutionary trend indicates a seaward ad-
vance, signifying erosion with rates exceeding -2
m/year, particularly evident at the Oued El Marsa
estuary and the western section of Oued Kenkouz.
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A temporal analysis demonstrates that the
years 2002, 2009, 2010, 2014, 2017, and 2021
experienced erosion, with an average rate of ap-
proximately -0.69 m/year, and accretion, with
an average rate of approximately +0.89 m/year,
across the entire study area.

These findings underscore the complex and
dynamic nature of coastal processes in the study
region. They suggest that sediment dynamics,
tidal patterns, and potential anthropogenic influ-
ences play significant roles in shaping shoreline
evolution. The presence of sediment trapping
near estuaries emphasizes the need for careful
management and monitoring of sediment trans-
port in these areas to mitigate erosion and pro-
mote coastal stability.

This study provides valuable insights into
the multifaceted coastal dynamics of the Ksar
Sghir region, highlighting the importance of un-
derstanding these processes for informed coastal
management and planning. Further research, in-
cluding field studies and sediment analyses, is es-
sential to unravel the specific mechanisms driving
shoreline changes in this coastal area and to deter-
mine sustainable coastal management practices.

CONCLUSIONS

The comprehensive analysis of the historical
evolution of the coastline in the Ksar Sghir coastal
area over the period of 2002 to 2021 reveals intri-
cate patterns of shoreline dynamics. The study fo-
cused on three distinct sectors, namely the western
sector of Ksar Sghir, the port sector of Ksar Sghir,
and the Eddallya sector. Significant variations
in shoreline change rates were observed, influ-
enced by anthropogenic modifications, including
the construction and operation of Mediterranean
Ports (Tanger Med I and Tanger Med II), and the
implementation of coastal protection structures.
In the western sector of Ksar Sghir, three distinct
zones were identified with varying rates of shore-
line change. Zone I exhibited an average erosion
of approximately -5.97 m/year, Zone II showed an
average accretion of approximately +5.30 m/year,
and Zone III demonstrated substantial accretion
with an average rate of approximately +16.38 m/
year, reaching a maximum accretion of +62.54 m.
The port sector of Ksar Sghir, divided into Zones I,
1L, and I1I, revealed noteworthy variations. In Zone
II, the non-port area, an average accretion of ap-
proximately +9.44 m/year was observed, indicating

a positive trend in shoreline evolution. However,
Zones | and 111, where the ports are situated, were
excluded from calculations due to their engineered
and modified nature. The Eddallya sector exhibited
two distinct zones with differing dynamics. Zone
I showed a positive shoreline evolution, indicating
accretion at an average rate of approximately +1.46
m/year. In contrast, Zone II experienced erosion at
an average rate of approximately -0.80 m/year.
These findings underscore the importance of
understanding local characteristics and specific
timeframes in assessing coastal evolution. The ob-
served patterns suggest that sediment dynamics,
tidal patterns, and human-induced changes play
crucial roles in shaping shoreline dynamics. Such
insights are essential for informed coastal man-
agement, emphasizing the need for tailored strat-
egies that consider the multifaceted interactions
between natural forces and human interventions.
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