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Abstract: The aim of this study is an assessment of coastline extraction and change analysis using
different sensors form different satellites over-time. Three optical satellite remote sensing imageries
from Landsat-8 OLI (30 m), Sentinel-2A MSI (10 m), and PlanetScope 3B (3 m) were used to detect
changes of El-Alamein coastline along the Egyptian Mediterranean coast from August 2016 to Au-
gust 2021. The Normalized Difference Water Index (NDWI) was applied to automate, detect and
mapping water bodies based-on thresholding technique and coastline extraction. The extracted
coastlines have been analyzed using Geographic Information Systems based Digital Shoreline Anal-
ysis System (DSAS.v5) model, a GIS Software tool for estimation of shoreline change rates calculated
through two statistical techniques such as: Net Shoreline Movement (NSM), and End Point Rate
(EPR). The results indicate differences in shoreline change rates based on different spatial resolution
imageries for the same time and space.

Keywords: coastline detection; Landsat-8; Sentienal-2; PlanetScope; Alamein Coast; remote sensing;
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1. Introduction

The coastline is the tangent line of sea and land; it is one of the most significant and
morphodynamics landform in earth surface and it is prone to change in a very short pe-
riod [1]. Coastline changes consider one of the major environment problems affecting the
coastal zones in the world. Studies of coastline change is very important for coastal plan-
ning and management. In fact, about 80% of the world’s coasts are changing with rates
from 1 cm/year to 10 m/year [2]. Coastline changes under the influence of natural and
anthropogenic factors [3].

Recently, satellite remote sensing techniques have become essentially for monitoring
coastal change due to their large coverage, frequency and low cost [4]. A different type of
images can be obtained from satellite remote sensing; Hyperspectral, Multispectral, and
SAR imagery. In this study, multispectral satellite imagery were used detect coastline
changes because it has several advantages, such as; a large number of data records, fre-
quency at different times, and extensive covering of the entire planet earth [3]. The avail-
ability of time-series of optical remote sensing images can be used effectively for water
bodies monitoring, coastline extraction for change analysis over-time to help understand
the influence of the natural factors and human activities in coasts [5].

Water body mapping methods using spectral indices were used globally for coastline
detection and extraction from Landsat satellite images because of their availability, relia-
bility, and low cost [6]. In 2013, Landsat 8 was launched, and its Operational Land Imager
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(OLI) sensor giving a multispectral images (11 spectral bands) at (30 m spatial resolution)
and (16 days temporal resolution. Sentinel-2A was launched in June 2015, with identical
Multispectral Instruments (MSI) capable of acquiring data in 13 bands at different spatial
resolutions (between 10 m and 60 m) and 5-dayes temporal resolution at the equator [7].
Landsat-8, and Sentinel-2A giving a reliable results for water bodies mapping and change
monitoring [8,9].

Planet operates PlanetScope, RapidEye and SkySat release processed data in a variety
of formats to serve different uses [10]. Imagery has (4-bands) captured as a single red-
green-blue (RGB) scene or. PlanetScope satellite is a CubeSat 3U form factor (10 x 10 x 30
cm). Approximately 130 satellites able to image the entire land/water surface of the Earth
every day. Planet offers three levels for PlanetScope imagery: A basic scene product (level
1B), an ortho scene product (level 3B) and an ortho-tile product (level 3A) [11]. The Orth
rectified surface reflectance PlanetScope-3B data has become very important for many en-
vironmental applications.

Recently, the extraction of water bodies and coastline change detection have been
introduced by many researchers worldwide used Landsat time-series [3,6,12,13], senti-
enal2 [14], and PlanetScope imagery [15,16]. Studies Comparison of Landsat-8, sentienal-
2, and PlanetScope imagery for coastline changes [17], water quality assessment [18], ba-
thymetry mapping [17], and other combined use [19]. Previous studies assessed the shore-
line morphodynamics study area using remote sensing started by Frihy and Deabes [20]
used Landsat imagery from 1988 to 2011 for assessing shoreline changes. Studies of Emam
and Soliman [21,22] analysed shoreline changes along Marina El-Alamein Resort based
on Landsat time series TM, ETM+, and OLI between 1987 and 2017. Awad and El-Sayed
[23] analysed historical changes of El-Omayed coast from 1984 to 2018 using Landsat im-
agery and predicate shoreline change in the future up to 2030 and 2050.

The main objective of this study is to compare the extracted coastlines from different
satellites and sensors such as; Landsat-8, Sentienal-2, and PlanetScope imagery in the
same time. Spatial computation of coastline change rate done using Geographic infor-
mation systems and digital shoreline analysis system (DSAS) to assess accuracy of the
extracted coastline and change rates along El-Alamein coast, Mediterranean Sea.

2. Materials and Methods
2.1. Study Area

The study area is located along the Mediterranean coast of Egypt. It is about 94 km
west of Alexandria city and 300 km in the northwest of Cairo (Figure 1).
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Figure 1. Location Map of the study area. Sub-figure (a) shows the extension of study area as appears from PlanetScope
2021 imagery, and Sub-figure (b) shows the location of the study area within Egypt.



Eng. Proc. 2021, 3, x FOR PEER REVIEW 3 of4

2.2. Materials

Landsat-8 Operational Land Imager (OLI) images acquired in August from 2016 to
2021 with an interval (5-years) were downloaded in the GeoTIFF format from the United
States Geological Survey (USGS) Earth Explorer Website (http://earthexplorer.usgs.gov/)
as shown in Table 1. These Landsat datasets constitute the useable database of good Qual-
ity (level 2 product), radiometrically corrected to Surface Reflectance, free of clouds. Sen-
tinel-2 Multispectral Instrument (MSI) Level-1C images acquired in August from 2016 to
2021 were download from the European Space Agency website. Sentinel-2A are Top of
atmosphere (TOA) reflectance. PlanetScope (3 m) images acquired in August from 2016
to 2021 were collected for study area, as shown in Figure 1. The images were atmospheri-
cally corrected to surface reflectance using the 65V2.1 radiative transfer code. The Plan-
etScope Lab also did radiometric correction using sensor telemetry and sensor model [18].

Table 1. Specifications of Satellite imagery used in this study.

Date  Acquired Date Satellite/Sensor Path/Row Pixel Size (m)
08/25/2016 Landsat-8/OLI 178/39 30
2016 08/20/2016 Sentienal-2A/MSI L1C_T35RPQ 10
08/12/2016 PlanetScope/3B 075305 3
08/07/2021 Landsat-8/OLI 178/39 30
2021 08/14/2021 Sentienal-2A/MSI L1C_T35RPQ 10
08/28/2021 PlanetScope/3B 082015 3

! Landsat downloaded from USGS Website: https://earthexplorer.usgs.gov/, Sentienal-2A down-
loaded from https://scihub.copernicus.eu/dhus/#/home, PlanetScope downloaded from
https://www.planet.com.

2.3. Methods

The methods of this study are divided into three stages; (1) remote sensing data col-
lection and preprocessing such as band combination, geometrical and radiometric correc-
tions. (2) Applied NDWI/MNDWTI indices for automatic coastline extraction. Moreover (3)
GIS based spatial analysis of coastline changes using Digital Shoreline Analysis System
(DSAS) is a GIS-based system established by the USGS. Publicly available, at http://wood-
shole.er.usgs.gov/project-ages/dsas/. DSAS calculates gaps amongst the coastline posi-
tions during defined periods as shown in Figure 3. 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 detection 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 [24]. McFeeters’s NDW1 is calculated in Equation (1) as:

(Band Green_Bancl NIR)

NDWI = 1)
(Band Green + Band NIR)

where Bandgree, is the reflectance value of the green band and Bandyg reflection
value of the NIR band. The derived new index is called MNDWI [25], which is expressed
in Equation (2) as:

BandGreen_BandMIR

MNDWI = 2
BandGreen + BandMIR ( )

where Bandyr is the reflectance of the MIR band. The index NDWI were applied on
PlanetScope imagery (4 bands), while Landsat-8 and Senttienal-2A applied MNDWI.
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Figure 2. Coastline feature extraction. Sub-figure (a) Coastline extraction from Landsat-8 MNDWI August 2021, sub-figure
(b) coastline extraction from Sentienal-2A NDWI August 2021, (c) coastline extraction from PlanetScope NDWI August
2021, and subfigure (d) spatial displacement between coastlines at the same time August 2021.
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Figure 3. Show the coastline change analysis method using DSAS.

3. Results

Analysis of coastline changes from three different satellites with different spatial res-
olution for the same time-period from august 2016 to august 2021 indicated that there is
difference in Net Shoreline Movement and End Point Rate there along 100 transects with
100-m spatial interval as shown in Figure 4. Summarized results of shoreline change rates
statistics and Net Shoreline Movement are shown in Table 2. In addition, there is a differ-
ence of the highest accretion distance between Landsat-8 and Sentienal-2 reach (10 m) and
between Landsat-8 and PlanetScope is (6 m). The highest annual rate of coastal erosion
and accretion in study area is nearly close to +2 m/y.

Table 2. Statistics of coastline change difference between 2016 to 2021.

Parameter Landsat-8  Sentienal-2 PlanetScope
NSM ' Highest Accretion  49.83 39.87 43.84
Highest Erosion -15.97 -22.44 -18.61
Highest -3.23 4.6 -3.69
Erosion  Average -1.50 -1.48 -0.02
Lowest -0.11 -0.01 -1.19
EPR 2 Highest 10.07 8.0 8.70
Accretion Average 3.06 1.50 1.52
Lowest 0 0 0.01

! Net Shoreline Movement (m), 2 End Point Rate(m/y).
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Figure 4. Comparing coastline change rates using different satellite data between 2016 and 2021.

(a)

Spatial variations of shoreline change rate over study area refers to an difference of
medium and high spatial resolution of satellite data, in the first transects (1-6) landsat-8
data give an accretion rates about 3 m/y; while Sentinel Data give Negative values reach
to 4 m/y. In addition, a big difference in coastline change rates appear in the transects (20—
30), the shoreline which come from landsat-8 are higher the negative values from Senti-
enal-2 data. While, the last transects between (90-100) shoreline rates from landsat-8 is
lower than PlanetScope and Sentienal-2 rates. The results from this study indicated that
the rates came from sentienal-2 is closely to rates of PlanetScope imagery than landsat-8
rates as shown in Figures 3 and 4.

4. Discussion

The analysis of the extracted shorelines from different remote sensing satellite data
shows that a difference in shoreline change rate. It clear the water bodies and coastline
extraction more accurately and clean from the high-resolution PlanetScope imageries (3
m) and Sentienal-2A (10 m) than Landsat-8 (30 m). The accurately of coastline effect on
the change detection maps and rate-of change. Study area has facing dramatically shore-
line morphodynamics and it is protected by 8-short groins and 5-Jetties to protected the
coastline and four artificial inlets. Coastline detection for this study area is very important
because recent urban planning and resorts. Figure 5, shows the correlation between the
shoreline change rates from Landsat, Sentienal2, and PlanetScope. It is clear that there is
a strong linear relationship between PlanetScope and Sentienal-2 rates, on the other hand
Landsat-8 give weak correlation between Landsat and PlanetScope and Sentienal-2 Rates.

(b) (€)

Figure 5. Correlation and linear relationship between different coastline rates. (a) The correlation between Landsat-8 and
Sentienal-2 shoreline change rates, (b) the correlation between PlanetScope and Sentienal-2 shoreline change, and subfig-
ure(c) the correlation between Landsat-8 and PlanetScope shoreline change.

5. Conclusions

This work is the first study comparing three different satellite data from medium to
high-resolution imagery to detect and extract linear coastline features as well as change



Eng. Proc. 2021, 3, x FOR PEER REVIEW 6 of 4

analysis. All of satellite images used in this study are valid for coastline change detection
with a percent of accuracy. It is cleared that coastline features is more reliable and strong
correlation from the high-spatial resolution imagery (PlanetScope), and (Sentienal-2A)
than Landsat imagery. Landsat-8 imagery give a higher rate of change from PlanetScope
and Sentienal-2A imagery for the same time. PlanetScope giving very accurate shoreline —
positions and protection features than Landsat-8 and Sentienal-2A imagery. It is strongly
recommended to use a high spatial resolution (PlanetScope) to higher accurately coastline
change detection.
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