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Assessment of erosion dynamics on Marsa Matrouh
coast, Western Egypt, using GIS and RS techniques

Ramadan Abd Elhamid Nofal*
ramadan_nofal@mans.edu.eg

Abstract:

The study area is a part of the north-west coast of the Mediterranean
Sea in Egypt which extends to the west of Matrouh City for 15 km from
Umm EI-Rakham to Al Assi head. This region is characterised by a diversity
of coastal landforms such as heads, bays, sand dunes, sharms, and others.
Since some parts of this area has been subjected to severe erosion, the
prevailing morphologic variables affecting the coastal landforms have been
studied. The results confirmed the effective role played by the waves and the
longshore currents in the development of the nearshore, foreshore and
backshore, whereas the effect of wind is observed in the sand dunes area.

Remote sensing and geographic information systems methods have
been used for detecting the changes in the coastal landforms, and in order to
monitor these changes, two Landsat images separated by 33 years have been
used. The results showed that the nearshore zone and the shore line are the
areas subjected to the risk of erosion by the strength and speed of the shore
currents. The change in land cover has also been observed in the backshore
area. By comparing the tow DEMs with interval of 11 years, some landforms
showed vertical changes especially sand dunes and Sharm areas.
Keywords: Geomorphology, Remote sensing and GIS, Coastal
landforms, Morphologic variables, Erosion dynamics.
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1. Introduction

The coastal zone is one of the most dynamic areas on Earth, both
on time and spatial scales. (Lira, C. and Taborda, R. 2014) .The
remote sensing applications can be used in monitoring and analyzing
the environmental problems (Asokan, A. and Anitha, J. 2019).

Remote sensing data provides great benefits to monitor the
changes in coastal landforms. Moreover, land surface delineation and
the interpretation of various features from satellite data are well
documented for the effective management of natural resources
(Magesh et al. 2014).

Timely and accurate change detection of the Earth’s surface
features provides the foundation for a better understanding of the
relationships and interactions between human and natural features to
better manage and use resources (Lu et al. 2004). In general, change
detection involves the application of multi-temporal data sets to
quantitatively analyse the temporal effects of the features (Lu et al.
2004; Mahmoudi, P. et al. 2020; Al-Rashidi, A. and Al-Hurban 2019;
Badreldin, N, and Goossens, R. 2013; Shaban R. et al. 2019).

The aim of the recent study is to monitor the dynamic of coastal
landforms in the nearshore area, the shoreline and the land cover in
the backshore area by detecting the changes from tow Landsat images
between them long period (33 years). DEMs data are also used to
detect vertical change in main geomorphological units.

Finally, this study contributes to the understanding of
geomorphological changes in coastal zones. It can also be considered
as a geographical data base that contains useful measurements that can
be relied upon when designing development plans, as it indicates areas
that are exposed to erosion and the factors that cause it. Undoubtedly,
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this will be useful when designing development plans and searching
for solutions to properly manage the coastal environment.
(Skilodimou, H. et al. 2002).
2. Study area

The study area extends for 15 km along the coast between Ras
Umm EI-Rakham in the east and Ras Al Assi in the west (Fig. 1), lies
between 31°26' 40.51"-31°2Y'50.47" N latitude and 26°°8'48.20"-
27°4'23.50" E longitude, and is bordered to the north by the
Mediterranean Sea and to the south by the interfluves line of wadis
(Umm Ashtan - Habes - Umm EI-Rakham - East and West Hash -
Magwa) (Fig. 3), which is part of the Miocene limestone plateau
extending along the north coast.
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Fig. 1 Study area
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2.1. Geology of the study area

Geologically, the oldest exposed rocks in the study area belong to
the middle Miocene (Third Era) (Fig. 2), and are of a form of
limestone rich in fossils and marl, followed by the most prevalent
Pleistocene formations that cover the most of the study area. The
formations of this period appear in three main formations: pink
limestone with an average thickness of 10 meters, shell limestone with
an average thickness of 20 metres, and oolitic limestone with an
average thickness of 20 meters, followed by the formations of the
Holocene, which appear in the form of five formations: crust
limestone, local deposits on the surface of the Miocene plateau, fluvial
deposits, sandy deposits and finally beaches deposits (Trab, M. 1984).
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Fig. 2 The geologic units in the study area (after Conoco 1989)
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The geological layers in the study area are also affected by some
geological structures due to exposure to tectonic lifting movements,
where they were affected by two single-sided folds whose axis is
heading northeast at Ras Umm El-Rakham and Ras Abu Lahu, and
which are probably responsible for the emergence of these two heads
as ground-bumps in the sea. These one-sided folds are confined
between their axes to concave subsurface folds on their coasts, bays
and coastal plains (Trab, M. 1984).

2.2. Morphology of the study area

The limestone plateau in the study area is characterised by the
presence of five small wadis (Fig 3). The largest is the basin of Wadi
Umm Ashtan at 115 kmz2, with stream order 4, followed by Wadi
Umm EI-Rakham which has an area of approximately 68 kmz2 and
stream order 4. The smallest is Wadi Magwa at 4.5 km? with stream
order 2 (Table 1). In general, these wadis have a role in the
development of the calcareous plateau, as well as in the coastal plain
region, where some of these wadis outlets form small Sharms in the
plateau cliff. Nofal, R. and Aboud, I. (2019) confirmed in their study
the relation between the existence of these Sharm features and
mountain wadis outlets. There are many of these Sharms in the study
area, such as Sharm El-Assem in the area between Ras El Assi and
Ras Abu Lahu, which seems full of sand accumulations, and Sharm
Abu Lahu in the area between Ras Abu Lahu and Ras Umm El-
Rakham. This Sharm is the outlet of the Wadi (Western Hash) and the
largest of them, and seems also to be covered by sand deposits.
Finally, Agiba Sharm is also considered to be the outlet of the Wadi
(Eastern Hash) (Fig. 4).
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Table (1) Morphometric parameters computed for Wadis in the study area.

parameters Umm Habes Umm Eastern Western Magwa
Area km? 115.7 24.3 68 144 51.3 4.5
Basin 22908 14831 21412 10071 18679 4442
Perimeter m | 103383 | 49136 78532 34063 72660 14370
Stream Order 4 3 4 2 4 2
Max stream 28963 14847 30115 7578 25236 1456

These Sharms are developed by water flow in the wadi outlets,
which receive large amounts of precipitation in the winter due to the
passage of the depressions, and by marine factors, where weak and
medium waves enter the area of the Sharm loaded with sediments and
deposit them. However, storm waves cause erosion processes, and the
breaking of these waves produces lateral currents that cause lateral
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erosion and undercutting of the cliff, which leads to the landward
expansion of the Sharms.

We mentioned before that the Miocene limestone plateau was
subjected to two single-sided folds (Tarab, M. 1984), which led to the
emergence of heads such as Umm EI-Rakham - Abu Lahu- and El
Assi. Between these heads there are bays formed within the concave
folds, some of which, such as the Bay of Umm EI-Rakham, are
characterised by wide sandy beaches and the spread of white sand
dunes, while some are less extensive, such as the bay of Ras abu Lahu
and the bay of Ras EIl Assi.
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Fig. 4 Relationship between small sharms and wadis outlets

In the shallow water area, the sandy beaches disappear in the head
areas, and an erosion platform appears, with the emergence of
promontory rocks within the seawater, representing the remnants of
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erosion processes which take various forms, while in the bay areas the
sediments cover the erosion platform, which shows residues as we
move away from the shore.

2.3. Morphological variables

The coastal zone is not a stable and constant environment, but a
dynamic place that can change rapidly in response to natural factors
such as seasonal weather patterns. Waves, winds, currents, tides and
storms are the major forces affect the coast. The results of the actions
and interactions of these natural forces on the shoreline and near-shore
seabed are called coastal processes. These include erosion and
deposition, movement of dunes, longshore drift, and the effects of
storms on the coastline (Page and Thorp 2010),

Wind: In addition to its influence on the marine factors (waves -
currents) and on the marine coastal dynamics, it plays an important
role in the transit of sediments between the dunes and different beach
zones. (Ayadi, K. et al. 2016).

The wind movement for a period of one-year is monitored by
Beach Research Institute (2017) (Fig. 5). It is noted that the prevailing
winds for 48% of the year are from the northwest with speeds of up to
16 meters per second, while the wind blows from the southwest
direction for 26% of the year with speeds of up to 14 meters per
second.

Waves: They are the most important force on sandy coasts
because they transport sand on- and offshore and can also move sand
along the shore (Beach Research Institute 2017). Wave-induced
longshore currents are the main coastal process acting to cause
morphologic changes in the littoral cells (Frihy, O. 2017). Storm
waves are generated during January and February in winter, March
and April in spring, and are linked to the movement of air depressions
from west to east, while in the other month’s construction waves
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prevail, which maintain the stability of coastal sedimentary forms
along the coast. The waves movement for a period of one-year were
monitored by (Beach Research Institute 2017)and show the
dominance of the waves from the west and the northwest at a height of
up to 5 metres in the storm periods. (Fig. 6).

NORTH

WEST

WIND SPEED
(ms)

W -0
B s
W svoee
R
210-380
050-210
Carms: 208%

SOUTH

Fig. 5 Wind-rose for the study area (Beach Research Institute 2017)
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Fig. 6 Wave-rose for the study area (Beach Research Institute 2017)
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The Beach Research Institute has developed a model that shows
the general pattern of the distribution of waves from different
directions. The maximum height waves reaching the shoreline range
from 1.65-0.5 m from the northwest direction, and it should be noted
here that the waves generated in the offshore area were initially more
than 5 meters high, but their entry into the near-shore area and their
interaction with the submerged rocks and small rocky islands in the

shallow water made them break and decrease in height (Fig. 7).
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Fig. 7 The general pattern of waves distribution (Beach Research Institute 2017)

Coastal Currents: These currents may transport large amounts of
sand and alter the shape of offshore sandbars. Longshore currents
(longshore drift) occur when the waves come in at a slight angle to the
shoreline. Fig. 8 shows the general pattern of the distribution of beach
currents along the study area (Beach Research Institute 2017). The
western part of the study area is characterized by the presence of a
high-speed eastern current up to 1.5 m/s when the waves are in their
extreme case from the northwest direction. This speed drops to 0.4 in
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the case of normal waves, while the eastern part of the study area is
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Fig. 8 The general pattern of the beach currents distribution (Beach Research

Institute 2017)

3. DATA USED AND METHODOLOGY
In this study, the integration of geographic information systems

and remote sensing was used to classify coastal morphological

features and monitor their geomorphological development, based on

various data (Table 2) in addition to repeated field observation in the

study area.
Table (2) Data used and sources

Data source Resolution (m) | Path/Row | Date Time
Landsat5 TM 30 174/038 30/12/1984 | 07:37:00.0
Landsat A LOI 30 179/038 15/05/2017 | 07:54:11
SRTM 3 90 179/038 11/02/2000
Aster 30 15/10/2011
Topographic map | 1/50000 1983
Geological map 1/500000 1986

( Assessment of erosion dynamics on Marsa Matrouh coast ...)Dr. Ramadan Nofal

188




YOYY (sdg) YE VEma  (Aelda¥aghllgcliludl) gl daals GlaY) A4S s
. ________________________________________________________________________________________________________________________________]

Various types of spatial data sources such as topographical maps,
Landsat 5 TM images (30 m) acquired in 1984 and Landsat 8 OLI (30
m) acquired in 2017, Aster (30m) and SRTM (90) DEM were used.

Topographic maps were used when classifying the Landsat
images and detecting changes in the land cover. The Landsat images
were used to detect changes in the shoreline and nearshore area, and
SRTM 3arc-second and Aster data were used to detect vertical change
in some zones to see the degree of their development. All of these data
went through a series of processors via ArcGIS-ENVI-Global Mapper
software, while Garmin ETREX 3.0 was used to take many ground
control points and use them as the training area when making a
supervised classification, as well as when adjusting the error in the
SRTM and Aster data.

3.1. Image and preprocessing

Accurate per-pixel registration of multi-temporal remote sensing
data is essential for change detection since the potential exists for
registration errors to be interpreted as land cover and land-use change,
leading to an overestimation of actual change (Stow 1999). Change
detection analysis is performed on a pixel-by-pixel basis, so any mis-
registration greater than one pixel will provide an anomalous result for
that pixel.

Geometric correction of (Tm and OLI) satellite images was
performed by a set of GPS control points and assigned to UTM
geographic projection Zone 35, then a radiometric correction was
done and the images were filtered and enhanced to get the best results.

Finally, the output of Landsat was reled to 15x15 m by pixel.
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Radiometric correction was done where the digital numbers
(DNs) registered by the sensor were converted to a satellite radiance
using calibration coefficients supplied by the meta data file of the
Landsat satellite. After getting the radiance of the respective spectral
bands, these are converted to the Top of Atmosphere Spectral
Reflectance, which will be used in index and the bathymetry analysis
(Pattanaik et al. 2015)

The DEMs data (Table 2) is different in spatial resolution and
therefore cannot be used to show the change only after correcting, so
the ENVI program was used in the standardization of the spatial
resolution to 30 meters per pixel, in addition to which they were re-
assigned to UTM projection after being corrected with many of the
ground control points obtained by GPS. As a result, the RMSE in the
SRTM data became 3.1 meters compared to the global standard of 16
meters and the ASTER data became 4.6 meters compared to 25 meters
on a global scale (Milan et al. 2011). Therefore, the RMSE of both
DEMs is reasonably good for Geomorphic Change Detection, if not
with the expected precision, and a clear differentiation is possible,
which is indicative of geomorphic changes (Kaliraj et al. 2014).
Finally, the output DEMs are resampled to 1°x1° m pixels, to
integrate their data with the Landsat images as well as using them as a
guide when making classifications. It should be noted that after all
these operations the DEMs data model retains the same features as the
original cells (Mujaber, S.P. and Chandrasekar, N. 2011).

( Assessment of erosion dynamics on Marsa Matrouh coast ...)Dr. Ramadan Nofal

190



YOYY (sdg) YE VEma  (Aelda¥aghllgcliludl) gl daals GlaY) A4S s
. ________________________________________________________________________________________________________________________________]

3.2. Shoreline mapping and change rate calculation

The water index method was used to determine the shoreline. The
NDWI index (Normalized Difference Water Index) is most
appropriate for water body mapping. The water body has strong
absorbability and low radiation in the range from visible to infrared
wavelengths. The index uses the green and near infra-red bands of
remote sensing images based on this phenomenon. The NDWI can
enhance the water information effectively in most cases. It is sensitive
to built-up land and often results in over-estimated water bodies
(McFeeters 1996). On the NDWI maps, dark colors (values close to
—1) represent a surface without plants or water content; lighter areas
represent land with moisture content (values close to 0) and with
water bodies (values close to +1) (El-Hadidy, S. 2020)

In the ENVI environment the water index was used to get the
shoreline, and export it as a vector layer to the ArcGIS environment to
get the change of shoreline from 1984 to 2017 using the DSAS digital
shoreline analysis system developed by (Thieler et al. 2017).

This extension (DSAS) contains three main components that
define a baseline, generate orthogonal transects at a user-defined
separation along the coast, and calculate rates of change (Net
Shoreline Movement, linear regression, endpoint rate, etc.) (Jana et al.
2013). Based on our setting, the DSAS program generates 128
transects that are oriented perpendicular to the baseline at 100 m

intervals along the shore (Fig. 9).
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Fig. 9 Transects generated by DSAS for shoreline change detection
3.3. Depth estimation

Many empirical models and radiative transfer equations that are
used to derive the water depth from remotely sensed data have been
proposed and evaluated for bathymetric estimations by establishing
the statistical relationship between the image pixel values and field-
measured water depth values (Pattanaik, A. et al. 2015). ENVI
software was used to retrieve the bathymetric map from Landsat 8-
OLI (Fig. 10). The Relative Water Depth tool enables the user to
quickly generate a product depicting relative water depths for a region
of interest. This tool uses a bottom albedo-independent bathymetry
algorithm developed by (Stumpf, P. et al. 2003).
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Fig. 10 Density colour slice to classify image in depth ranges from 0 to 10 m by log

ratio method.

3.4. Submerged rock mapping and change calculation
Different enhancement methods were used to show the shallow water
features and then the land area masked. Using the spectral analysis
methods, the submerged rock areas were determined to define their
impact on coastal erosion processes in the study area, and finally to
detect the change occurring in them in the period from 1984 to 2017.

3.5. Land cover change

The LANDSAT images, with the help of GPS, topographic and

geological maps, were subjected to a supervised classification using a
parallel probability algorithm, to detect changes in land cover in the
study area and various geomorphological features, especially sand

dune areas.
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It should be noted that the integration of DEMs data with satellite
images greatly helps to identify some coastal features (Blanchard et al.
2010), especially while conducting classification processes, from
which different geomorphological units such as sand dunes, cliffs, and
headlands can be identified.

3.6. Cross-shore profile change detection

SRTM and Aster data will be used to detect the vertical change
occurring in the coastal zone, where GIS allows analysis of the
detection of volumetric change in geomorphological features using
DEM data with an appropriate time interval (James et al. 2012).

DEMs data are recorded as bitmap data, where each cell has
elevation values for its position on the Earth's surface, so DEMs data
are used worldwide for the visualization of 3D terrain and
hydrological modelling and measurement of geomorphological
changes (Blanchard et al. 2010; Fabris and Pesci 2005; Siart et al.
2009; Marghany et al. 2010).

We noted before that the DEMs were processed with ENVI
software, and then transferred to the global mapper environment, and
a baseline was identified as a contour line of 30 m to represent the
beginning of drawing a range of sectors (Fig. 11). Each sector
intersects with two DEMs at the same time, so a graph produces two
curves, each expressing its digital elevation model. These curves are
easy to compare and therefore detect vertical change through them.

The location of the sectors was carefully selected to detect the
change in the main geomorphological units, and the researcher tried as

much as possible to avoid areas crowded with urbanization in order
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not to affect the detection of the change in the natural appearance,
although sometimes it is not possible to avoid the effect of the spread

of urbanization, and this undoubtedly affects the results.
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Fig. 11 Sector positions on DEMs
4. Results and Discussion

The study is based on three axes: the first is the change in the
shoreline to identify areas that are subject to the erosion process and
others that are exposed to the deposition process; second is the change
in land cover where the change in the areas of land cover units is
monitored; third is the vertical change through the data of DEMs. The
study area is divided between headlands and bay regions. It is
assumed that the headlands extending into the sea are more
susceptible to being eroded by waves as their extension into the sea
makes them deeper than other nearby coastal areas, and this means
waves breaking on them with a higher intensity, leaving them more
exposed to marine erosion (Nofal, R. and Abboud, I 2016). By
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contrast, if the headland is a cliff plunging straight into deep water, the
waves do not break before they strike and cause little erosion (Huggett
2011).

There are other factors that cannot be ignored when discussing
this issue, including the direction of the head and how it corresponds
to the waves, as well as the topography of the bottom in front of the
head, and other factors related to the direction and height of the
waves, as well as the effect of the beach currents resulting from the
refraction of these waves.

Concerning bay areas where sand accumulates, which are
vulnerable to coastal erosion processes particularly in the central areas
due to waves. The breaking of the waves entering the bay results in
lateral currents that can transport disjointed sediments and re-establish
them at the edges of the bay regions.

Here, the study of the shoreline is useful to identify areas that are
exposed to erosion and deposition, due to marine factors in order to
understand their behaviour, whether in the areas of heads or bays.

Shoreline changes from 1984 to 2017 were studied from two
Landsat images, using the Dash tool within the ArcGIS environment,
where 180 sectors were stretched along the coast from baseline to
shoreline. Most sectors recorded a decline in the shoreline, with a few
sectors recording minor deposits (Fig. 9).

The eastern part of the study area, specifically the coast of Umm
El-Rakham Bay (Fig. 9), recorded the most retreats due to the marine
erosion process, as a result of fast shore currents in this area, and a
retreat of about -147 m was recorded in the period from 1984 to 2017,
with an annual average of -4.6 m/y. The areas of heads also recorded
retreats of about -38 m in the same period, due to the waves (Fig. 7),
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and the presence of fast beach currents (Fig. 8). This can be explained
from the depth map (Fig. 10), where it can be noted that shallow
depths ranging from 0 to 1.25 m, which often surround the shore line,
also appear in the deepest region, where the depth generally ranges
from 3.75 to 5 metres. This means that there are submerged rock areas
that are still resisting erosion processes, and cause waves to break
before they reach the shore, and reduces their impact on the heads.

So these rocks were determined from the Landsat images and
revealed the change in this feature in the period from 1984 to 2017
(Fig. 12 and 13), from which it is clear that the area of the heads is
largely protected from the impact of marine factors, and parts of these
rocks can be seen prominently during the ebb periods. The
measurement of the change in the bottom rocks revealed their
exposure to erosion and retreat, where about 0.36 km? were eroded in
the period from 1984 to 2017 (Table 3).

The study of land cover change detection (Fig. 12, 13 and Table
3) shows that there is rapid urban development in the region, where
the area of urbanization increased from 3.2 km? in 1985 to 6.9 km? in
2017, which means an increase in this area of about 3.7 km?, doubling
the urbanized area. It should be noted that, human activities, resource
use and urban development in coastal areas often have long-lasting
effects, such as increasing hazard vulnerability and environmental
degradation (Alharbi, O. et al. 2017)

The area of cultivated land increased from 7.09 km? in 1984 to
7.53 km? in 2017, an increase of 0.44 km® The area of the dunes
shrank and decreased from 4.57 km? in 1985 to 4.04 km? due to their
exposure to marine erosion in the bay areas, as well as the removal of
some of them for the establishment of urban areas, and the role of the
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north and north-west winds in the transport of sand deposits from the
coastal area to the land side. The North coastal region of Egypt is
exposed to significant spatial and temporal changes in LCLU classes
(urban, agriculture, and sand dunes) that basically affect any kind of
development programs. (Khafagy, M et al. 2020)

The study of vertical change through DEM data gives another
idea of the relationship between the occurrence of erosion processes
and the characteristics of the coastal area, and was based on the
definition of a contour line of 30 metres as a baseline, then drawing 15
sectors ending at the oldest shoreline (Fig. 11). The researcher tried as
much as possible to avoid the areas where urbanisation is spreading so
as not to affect the results of the study.

499 500 501 502 503 504 505 506 507
L . . N . N L H

s £
ﬂ\ e g
= egend
agriculture

3 b limestone
Urban

347
-

T
347

Sand Dunes

Submerged Rocks| L
Sea water

347

347
i ? .

U7

47

47

47

1,300 650

N I
S

499

0

500

1,300 Meters

L
Y A"“

¥

v, b

501

T
502

T
503

T
504

T T T
505 506 507

T
347

&

I~

( Assessment of erosion dynamics on Marsa Matrouh coast ...)Dr. Ramadan Nofal

Fig. 12 Land cover classification of the study area in 1984

198




YOYY (sdg) YE VEma  (Aelda¥aghllgcliludl) gl daals GlaY) A4S s
. ________________________________________________________________________________________________________________________________]

49? 50(I7 501 502 50? 504 505 506 507
N

w%s I
=1 s B
g ; g

\\%L_ . Legend
g . agriculture g
: ‘f.’ Limestone #
Urban
Sand Dunes
5 "% [ supbmergedRocks | ['%
L‘ = [ | seawater
b

B, _ SV B

) |
5] \ A 5
J8,

o
i,
5
1,300 7650 0 1,300 Meters

A  m e 00 | 1

e T ——_ —— ] T T T T T T

4&9 500 501 52 5&3 504 15 506 507

Fig. 13 Land cover classification of the study area in 2017

Table (3) Land Cover Change Detection in the period from 1984 to 2017

Land Cover Lanis)g’zTM Landsat OLI 2017 | Change/ km?
Cultivated Land/ 709 753 0.44 (+)
km?
Urban Area/ km? 3.22 6.92 3.70(4)
Sand Dune/ km? 4.57 4.04 0.53(-)
Submerged Rock/ 1.5 0.89 0.36()
km?

Fig. 14 shows the cross-shore profile change detection, and it was
noted that sectors 1 to 4 indicate the accumulation of sediment,
especially in the lower coastal areas near the sea. Here we must note
that this area is the same one that was previously proved to be subject
to large retreats when conducting the change detection in the shoreline
(Fig. 9), and this explains the contradiction between the finding that
this area is characterized by the presence of sand dunes, which are
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subject to marine erosion process, but also exposed to the the
accumulation sediments transported from the shore area by the
prevailing north and northwest winds.

Some sectors were drawn to go through the features of sharms to
identify the change that occurs. Sector 10 has been drawn within
Sharm Agiba, where it is seen that the lower part is exposed to
deposition, as shown by the sand accumulations in the upper part,
which indicates that the plateau region is exposed to erosion by
various factors, including torrential runoff in winter and marine
factors in times of storms. Also, in sector 14, which passes through
Sharm EI-Asim, indicates that it is the lower part is exposed to
deposition. Here, it should be noted that the accumulated sand inside
the sharms is the result of the waves entering the sharm loaded with
sand which then become less powerful and precipitate the sand within
the foreshore area.

The study of the sectors that cover the cliff areas in the plateau of
Agiba and Ras Abu Lahu (10, 11 and12) indicate that they are
exposed to the erosion process. Thus, the study of change sectors
using DEMs has helped to understand the behaviour of the erosion
processes in the region and determine their location, making it
possible thus to find ways to counter them.

Finally, the results of the study conclude from the different
methods used that there are harsh erosion processes to which some
parts of the study area are exposed. The region needs intervention by
the responsible authorities to address the dangers resulting from
erosion and to protect the region from human impacts that may
contribute to the aggravation of the problem, especially as new roads
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have been built in the Umm EI-Rakham Bay area less than 100 m
from the shoreline.
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5. Conclusion

The study concludes that there are coastal erosion processes
prevailing in the study area that appear to be dangerous in the bay
areas with white sandy beaches, which are considered among the most
beautiful beaches in the world,

The study of shoreline changes confirmed that the decline and
erosion are increasing in the bay areas between the heads, which are
also exposed to erosion but to a lesser extent than the sandy beaches.
The study of the change in the submerged rocks also gave an
explanation of the impact of marine factors in bay areas compared to
the head areas.

The study of land cover change detection gave a clear picture of
the change in the different geomorphological units, the most important
of which was the doubling of the area of urbanisation, which is
concentrated near the coastal areas, as indicated by a decrease in the
area of sand accumulations, which will return negatively on the area
of good beaches for human use.

Finally, the study of cross-shore profiles change detection that
were done based on DEMs of different dates completed our
knowledge of all the forms of change taking place in the region and
allowed accurate identification of the changes in the cross-shore
profile.

In general, the results of the study confirm that there are risks
resulting from coastal erosion, which appear in the form of rapid
erosion on some beaches, which needs attention from the responsible
authorities in order to determine the best method to prevent this
danger.
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