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Abstract: This study aims to evaluate the effectiveness of the coastal protection engineering meth-
ods along western Bardaweil Lagoon artificial Inlets. A Multi-temporal shorelines were detected
and extracted from Landsat satellite time-series images (30-m spatial resolution) including different
sensors ; Thematic Mapper (TM), Enhanced Thematic Mapper (ETM+), and Operational Land Im-
ager(OLI) imagery taken from 1985 to 2020 were used to compare shoreline change rates prior to
and after the construction of the coastal structures (Jetties). Geographic Information Systems based
Digital Shoreline Analysis System (DSAS) has been used to compute statistics of historical shoreline
changes. The results indicated that the coastal structures were successful to protect the navigational
canals of Inlets from sedimentation, as well as it contributes to save lagoon inlets from severe coastal
erosion, on the other hand, a new coastal erosion zones have been appeared close to the inlets en-
trance and need to protection.

Keywords: Coastline Dynamics; Coastal Lagoons; North Sinai Coast; Coastal Protection Methods;
DSAS; GIS Analysis.

1. Introduction

Coastline is the boundary between land and the sea, it considers one of the 27 most im-
portant land surface features, and it is vulnerable to natural processes such as coastal ero-
sion/accretion, sea level changes and human activities [1]. Studies of changing shorelines
is important to evaluate coastal protection [2,3], apply numerical models [4,5], developing
hazard maps [6], draw policies regarding coastal development [7], and for coastal man-
agement and monitoring [8].

Coastline changes are usually studied using ground surveying and aerial photogram-
metry techniques [9, 10]. Although, availability and affordability of remote sensing re-
cently, it has become a suitable technique for monitoring coastal dynamics in a fast and
cost effective way. Remote sensing images of medium spatial resolution (30-m spatial res-
olution) have been used globally for coastline change monitoring and analysis since the
public availability of the United States Geological Survey (USGS) in 2008. The availability
and frequency of Landsat time-series images from different sensors, including Multispec-
tral Scanner (MSS), Thematic Mapper (TM), Enhanced Thematic Mapper Plus (ETM+) and
latest Operational Land Imager (OLI), are suitable for monitoring coastline changes in
large areas and it is enable effective extraction of coastlines [11].

The spectral water indices based on water body mapping methods are widely used for
coastline extraction from Landsat images because of their reliability, user friendliness and
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low computation cost [12]. In the past decades, different water indices developed for wa-
ter body mapping. It was started by McFeeter [13] proposed the normalized difference
water index (NDWI) using a ratio of the green and the near infrared (NIR) bands to en-
hance the presence of water features in remotely sensed imagery. Xu [14] developed a new
index, namely as modified normalized difference water index (MNDWI), by improving
the NDWI with the substitution of the middle-infrared (MIR) band, such as Landsat TM
band 5, for the NIR bands.

Previous studies were assessed the shoreline morphodynamics in study area using remote
sensing started by El Banna and Hereher [15], which assessed the shoreline change along
North Sinai coast using Landsat images from 1986 to 2001. Nassar et al [16,17] assessed
shoreline changes along the North Sinai coast using geographic information system and
digital shoreline analysis system (DSAS) during the elapsed period from 1989 to 2016. The
measurement of shoreline variation is mainly described for three zones: zone I, El-Tinah
plain bay; zone II, El-Bardawil Lake; zone III, El-Arish valley. Nassar et al [18] studied the
Numerical simulation of shoreline responses near the western artificial inlet of the
Bardawil Lagoon. In addition , there are regional studies evaluated the effectiveness of
Coastal Protection Methods Using Remote Sensing and GIS-based DSAS techniques have
introduced by Darwish et al [19] along Nile Delta Coast, Elkafrawy et al [20] along Brullus
Headland.

In this study, a geospatial techniques using geographic information systems (GIS) and
automatic computation (DSAS), of the coastline changes of Bardaweil Lagoon Artificial
Inlets (1985-2020) were detected and extracted based on Landsat time-series images using
the spectral water indices (NDWI and MNDWI). Several statistical approach have been
used for determining the rates of shoreline changes, including End Point Rates (EPR), Lin-
ear Regression Rates (LRR) and Net Shoreline Movement (NSM). The main objective of
this work is to map and quantify the erosion and accretion areas and to evaluate the long-
term rates of shoreline changes along the western artificial inlets of Bardaweil lagoon.

2. Materials and Methods

2.1. Study area

Bardaweil Lagoon is located on along the Mediterranean coast of Egypt (Figure 1). It ex-
tends from the east of El-Tinah Plain to the west of the El Arish thermal power plant. It is
connected to the Mediterranean Sea by three inlets, two Jetties have been constructed to
the east and west of inlets (1) and (2) since 1991 to maintain and protect the inlets from the
accumulation of coastal sediments and coastal erosion. The lengths of these jetties for in-
lets (1) and (2) are approximately 300 m and 700 m, respectively. These jetties have fun-
damentally helped to maintain these inlets, but their presence has led to an undesirable
evolution of the shoreline by causing coastal erosion and extreme forwarding of the coast-
line offshore [18]. The climate setting of the study area is an arid; the average maximum
temperature is 32.5° C in summer and a minimum of 10° C in winter. Rainfall increases
towards the east and rapidly decreases towards the south. It varies from a low of approx-
imately 75 mm/year at Port Said, to more than 130 mm/year at El Arish and about 244
mm/ year at Rafah. The wind speed recorded monthly at the meteorological stations in El
Arish, Port Said, and Ismailia ranges from 2.6 to 11.3 m/s. The northern part of Sinai is
subject to sandstorms, called El-Khamasin, which blow from the south and the southwest
intermittently over a period of 50 days during February and March [15]. The marine cli-
mate of wave action along the Mediterranean coast of Egypt is seasonal in intensity and
direction. Low (swell) waves prevail during spring and summer, with wave heights (1.16
m) and the prevailing wave direction is NW. Winter waves can be much higher, fluctuat-
ing between storm and calm and coming from the N, NNW and NW. The overall maxi-
mum wave height is (4.25 m) [17].
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Figure 1. Location Map of the study area. Sub-figure (a) shows the artificial Inlets of Bardaweil Lagoon from
Landsat-8 imagery 2020, and Sub-figure (b) shows the location of the study area within Northern Egypt.

2.2. Materials

Landsat series images from 1985 to 2020 covering a time span of 35 years were used as
data sources to analyse the Bardaweil Lagoon Inlets. The images have been acquired in
summer season and in good quality, with no effective clouds. The satellite remote sensing
images as shown in Table 1, including Landsat-5 Thematic Mapper (TM), Landsat-7 En-
hanced Thematic Mapper Plus, Landsat-8 Operational Land Imager (OLI), All the Landsat
series images were downloaded in the GeoTIFF format from the United States Geological
Survey (USGS) Earth Explorer Website (http://earthexplorer.usgs.gov/). These Landsat
datasets constitute the useable database of good quality (level 2 product), radiometrically
corrected to Surface Reflectance, free of clouds (at least covering the coastlines of interest)

and sensor defects, such as striping or banding.

Table 1. Details of Landsat-time series satellite images used in this study.

Acquired Date  Satellite/Sensor Level! Path/Row Pixel Size (m)

06.12.1985 Landsat-5/TM L2SP 175/38 30
05.25.1990 Landsat-5/TM L2SP 175/38 30
07.31.2000 Landsat-7/ETM+ L2SP 175/38 30
06.17.2010 Landsat-5/TM L2SP 175/38 30
06.12.2020 Landsat-8/OLI/TIRS L2SP 175/38 30

1 Surface Reflectance Radiometric Calibration, all Landsat images freely downloaded from USGS Website:
https://earthexplorer.usgs.gov/
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2.3. Methods

To achieve the goals of this study, three steps are followed; (1) remotely sensed data col-
lection and preprocessing such as band combination, geometrical and radiometric correc-
tions. (2) Shoreline extraction prior to and after construction of Jetties using
NDWI/MNDWI indices and accuracy of the extracted shorelines were assessed using
Google Earth data. (3) GIS based spatial analysis of shoreline changes using Digital Shore-
line Analysis System (DSAS) is a GIS-based system established by the USGS. DSAS calcu-
lates gaps amongst the coastline positions during defined periods (Figure 2). Normalized
Difference Water Index (NDWI)/Modified Normalized Difference Water Index (MNDWI)
water indices applied for study area using ERDAS Imagine 2015 algorithms to detect the
water/land feature by thresholding method using ENVI 5.3 software for coastline detec-
tion as shown in Figure (2). NDWI was proposed by McFeeters (1996) for water resource
assessment. An NIR band and a green band are used to enhance the discrepancies between
surface water and non-water features [21]. McFeeters’s NDWI is calculated in equation (1)
as:

(Band green—Band yjr)

NDWI =

M

(Band greent+Band yiR)

Where Bandg;e, is the reflectance value of the green band and Bandyr reflection value
of the NIR band. The derived new index is called MNDWTI [22], which is expressed in
equation (2) as:

Band(;reen —BandMIR

MNDWI =

()

Bandgreen+Bandyr

Where Bandyyy is the reflectance of the MIR band.
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Figure 2. DSAS- based Shoreline changes Analysis along western Bardaweil Artificial Inlets from 1985 to 2020.
Sub-figure (a) shows Inlet-1, and Sub-figure (b) shows Inlet-2.

3. Results

The results of shoreline change analysis along two artificial inlets of Bardaweil lagoon
indicated show a similarity of shoreline change pattern, trends, and effects of coastal
protection works as shown from Table 2 and Figure 3.

Inlet-1:

The analysis shows that two zones of coastal changes behind and in front of the Jetty, Its
appear that shoreline advanced behind the Jetty with a distance 179.4 m with a maximum
annual rate +5.7 m/y and an average is 1.8 m/y. While, zone2 located ahead toward the
east, in this zone the total retreat distance is -183.2 m with a maximum annual rate -9.2
m/y and an average -5.2 m/y.
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Inlet-2:

The analysis of 11 km coastline sector covering the second artificial Inlet-2 from 1985 to
2020, shows that a two coastal zones. The first accretion zone appears behind the Jetty
toward the west with total advance distance 310 m, the maximum annual rate is +8.9m /y
and average is +1.9m/y. The second zone shows an erosion area with total retreat distance
is -280.6 m and a maximum annual rate is -8.2 m/y and an average (-4.8 m/y).
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Figure 3. Shoreline Change Detection along Bardaweil Lagoon Inlets between 1985 and 2020. Subfigure (a)
shows shoreline changes along Inlet-1, and subfigure (b) shows shoreline change rates along Inlet-2

Table 2. Statistics of Shoreline Changes between 1985 and 2020

Inlet-1 Inlet-2
Zone I Zone I Zone I Zone I1

No. of Transects 120 240 260 311
Length (km) 24 48 5.2 6.2

H +179.4 -321.9 +310.5 -280.6
NSM (m) M +62.2 -183.3 +59.2 -169.2

H +5.97 9.2 8.9 -8.2
EPR (m/year) M +18 5.2 +1.9 4.8

H +6.3 -8.9 +9.4 -7.9
LRR (m/year) M 4223 4.9 +2.0 4.6

NSM-= Net Shoreline Movement, EPR= End Point Rate, LRR= Linear Regression Rate. H= Highest Rate, M= Mean Rate. (+) refer to

accretion, (-) refer to Erosion.
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Table 3, and Figure 4, shows a shoreline change rates prior to and after the construction of 156
coastal protection devises along the Bardaweil lagoon Inlets. The analysis indicated that Jetties 157
were successful to protect the inlets from erosion and sedimentation in the navigational chan- 158
nels, It was reserved the deposits from the littoral currents formed an accretion zone behind 159
the Jetty (+9.33m/y and +35.2 m/y) for Inlet-1, and Inlet-2 respectively. On the other hand, 160
anew coastal erosion zone has been appeared toward the east (-10.3, and -11.83 m/y) along 161

Inlet-1 zone2, and Inlet-2 zone2, respectively. 162
Table 3. Evaluation of Coastal Protection Methods along two artificial Inlets 163
Inlet-1 Inlet-2
Before After Before After
Zonel Zonell | Zonel Zonell Zonel Zone Il Zonel Zone Il
Length (km) 2.4 4.8 2.4 4.8 5.2 6.2 5.2 6.2
H -67 -17.6 | +9.33 -10.3 -12.91 -62.96 | +35.2 -11.83
EPR (m/y)
M -30 -10.0 | +3.55 -3.7 -0.37 -1.67 +4.04 -4.04
Before = (1985-1990), After = (1990-2000). H= Highest Shreline Rate, M= Mean Shoreline Change Rate 164
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Figure 4. Shoreline change rates before (1985-1990) and after (1990-2000) coastal protection construction along 166
Bardaweil Lagoon Inlets. Subfigure (a) shows Inlet-1, and subfigure (b) shows Inlet-2 167

4. Discussion 168

The Long-term analysis of shoreline around Bardaweil lagoon artificial inlets reveals 169
coastal accretion zone behind the Jetty and coastal erosion zone unprotected formed along 170
shore eastward on both inlets, as well as the evaluation of the effectiveness of coastal 171
structure indicated that Jetties have been reversed the shoreline erosion rates prior to con- 172
struction of jetties to accretion after the construction. The negative impacts of Jetties are 173
new severe coastal erosion zone has been formed and rates increased gradually because 174
of the reduction of upcoming sediments feeding the coast which reserved behind the Jet- 175
ties. 176

5. Conclusions 177

Assessment of shoreline changes using multi-temporal remote sensing data and GIS tech- 178
niques is very effective techniques for coastal management, Planning and coastal engi- 179
neering protection methods evaluation by measuring the spatial distribution of shoreline 180
change prior to and after the coastal protection devises construction. In this study, remote 181
sensing and GIS integration help to mapping coastal erosion and accretion zones. The 182
coastal protection methods stopped the flow of suspended sediments toward the east, and 183
caused a new-severe coastal erosion zones need to protection with short groins, and break- 184
waters. It is recommended to stablish a new-coastal protection works to conserve the coast 185
from the severe erosion. 186
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