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Abstract

:

The objective of this study was to provide an assessment of coastline extraction and change analysis using different sensors from three satellites over time. Imagery from Landsat-8 OLI, Sentinel-2A MSI, and PlanetScope-3B were used to detect geomorphological changes along the El-Alamein coastline on the Mediterranean Sea between August 2016 and August 2021. The normalized difference water index (NDWI) was applied to automate, detect and map water bodies based on thresholding techniques and coastline extraction. The extracted coastlines were analyzed using geographic information systems (GIS)-based digital shoreline analysis system (DSAS.v5) model, a GIS software tool for the estimation of shoreline change rates calculated through two statistical techniques: net shoreline movement (NSM) and end point rate (EPR). The results indicate that measuring coastline morphological change using satellite-based imagery depends very much on the resolution of the imagery. It is necessary to tailor the selection of imagery to the accuracy of the measurement needed. Higher resolution imagery such at PlanetScope (3 m) produces higher resolution measurements. However, medium resolution imagery from Landsat may be sufficiently good for objectives requiring less spatial resolution.
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1. Introduction and Literature Review


Coastlines are one of the most morphologically dynamic landforms on Earth and change in a short period [1]. Coastline morphological changes are one of the major environmental problems affecting densely populated areas around the world. Studies of coastline change is very important for coastal planning and management. About 80% of the world’s coasts are changing at rates ranging from 1 cm/year to 10 m/year [2]. Coastline changes under the influence of natural and anthropogenic factors [3].



Satellite remote sensing imagery has become essential for monitoring coastal change due to large coverage, frequency and low cost [4]. Different types of imagery can be obtained from satellite remote sensing such as hyperspectral, multispectral, and radar. In this study, multispectral satellite imagery was used to detect coastline changes because it has several advantages, including a large number of data records, frequency at different times and total Earth coverage [3]. The availability of the time series of optical remote sensing images can be used effectively for water body monitoring and coastline extraction for change analysis over time to help understand the influence of the natural factors and human activities on coastal change [5]. Water body mapping using spectral indices have been used for coastline detection and extraction using Landsat satellite imagery for nearly 50 years because of their availability, reliability and low cost [6]. In 2013, Landsat 8 was launched, and its operational land imager (OLI) sensor proving multispectral images (11 spectral bands) at a 30 m instantaneous field of view and 16-day revisit time. Sentinel-2A was launched in 2015 with a multispectral scanner capable of acquiring data in 13 spectral bands between, with a revisit time of 5-days [7]. Landsat-8 and Sentinel-2A provide reliable results for water body mapping and change monitoring [8,9]. Planet Inc. operates PlanetScope, RapidEye and SkySat. Planet sells processed data in a variety of formats to serve different uses [10]. Imagery has four spectral bands captured as a single red–green–blue (RGB) scene. The PlanetScope satellite is a CubeSat 3U form factor (10 × 10 × 30 cm). Planet operates over 130 satellites capable of imaging the entire land/water surface of the Earth every day. Planet offers three levels of PlanetScope imagery: (1) basic scene product (level 1B), (2) an ortho-scene product (level 3B) and (3) an ortho-tile product (level 3A) [11]. The ortho-rectified surface reflectance PlanetScope data is critical in many environmental applications.



The extraction of water bodies and coastline change detection using Landsat-based remote sensing are used by many researchers [3,6,12,13]. The same is true for Sentinel-2 [14] and PlanetScope imagery [15,16]. Studies have been conducted comparing Landsat 8, Sentinel-2, and PlanetScope imagery for coastline changes [17], water quality assessment [18], bathymetry mapping [17] and other combined use [19]. In Egypt, several studies have been conducted to study coastal change. Studies assessing shoreline morphodynamics using remote sensing conducted by Frihy and Deabes [20] used Landsat imagery taken between 1988 and 2011 to assess shoreline changes. Studies by Emam and Soliman [21,22] analyzed shoreline changes along Marina El-Alamein Resort based on Landsat TM, ETM+ and OLI taken between 1987 and 2017. Awad and El-Sayed [23] analyzed changes of the El-Omayed coast between 1984 and 2018 using Landsat imagery and were used to predicate shoreline change to the year 2050.



The main objective of this study was to compare the application of Landsat, Sentinel and Planet imagery for assessing coastline change along the El-Alamein coast in Egypt. The study performed spatial computation of the coastline change rate using GIS and the digital shoreline analysis system (DSAS).




2. Materials and Methods


2.1. Study Area


The study area is located along the Mediterranean coast of Egypt, approximately 100 km west of Alexandria city (Figure 1). It played a critical role during World War II in a major battle between the Allied troops and the Germans. Winning that battle is credited with turning the tide against Germany. There are memorial sites and cemeteries commemorating the thousands of men who died in that terrible battle. Today, armed and viable landmines are still found along the coast and inland, despite the fact El-Alamein is becoming an important holiday villa site. El-Alamein is a beautiful setting and so plays a major role in Egypt’s future.




2.2. Materials


Landsat-8 operational land-imager (OLI) images were acquired between 2016 and 2021 at an interval of five years. They were downloaded in GeoTIFF format from the United States Geological Survey (USGS) Earth Explorer Website (http://earthexplorer.usgs.gov/ (12 October 2021)) as shown in Table 1. These Landsat datasets constitute the useable database of “good quality, level 2 product”. They were radiometrically corrected to surface reflectance. Sentinel-2 multispectral instrument (MSI) level-1C images taken between 2016 and 2021 were download from the European Space Agency website. Sentinel-2 are at the top of atmosphere reflectance. PlanetScope images taken between 2016 and 2021 were collected for the study area, as shown in Figure 1. The images were atmospherically corrected to surface reflectance using the 6S v2.1 radiative transfer code. The PlanetScope Lab also did radiometric correction using sensor telemetry and a sensor model [18].




2.3. Methods


The methods of this study are divided into three stages: (1) remote sensing data collection and pre-processing procedures, including: band combination, geometrical and radiometric corrections; (2) applied NDWI/MNDWI indices for automatic coastline extraction as shown in Figure 2; and (3) GIS-based spatial analysis of coastline changes using the digital shoreline analysis system (DSAS). DSAS calculates gaps amongst the coastline positions during defined periods (Figure 3). Two statistical parameters were used to assess coastline change detection: firstly, net shoreline movement (NSM), which is the total movement between the two-shoreline positions, and secondly, end point rate (EPR), which was calculated by dividing the distance of shoreline movement by the time elapsed between the two shorelines, as shown in equation 1. The rate is reported in meters per year with positive values indicating accretion and negative values indicating erosion. Normalized difference water index (NDWI)/modified normalized difference water index (MNDWI) water indices applied for study area using ERDAS Imagine algorithms to detect the water/land feature by a thresholding method using ENVI 5.3 software for coastline detection, NDWI was proposed by McFeeters (1996) for water resource assessment. An NIR band and a green band were used to enhance discrepancies between surface water and non-water features [24]. McFeeters’s NDWI is calculated in Equation (2) as:


   EPR     (  m / year  )  =    Shoreline   movement   from   A   to   B     ( m )     Years   duration   from   A   to   B   (  years  )     



(1)






  NDWI =    (     Band    Green   −    Band    NIR    )     (     Band    Green   +    Band    NIR    )     



(2)




where     Band   Green     is the reflectance value of the green band and     Band   NIR     reflection value of the NIR band. The derived new index is called MNDWI [25], which is expressed in Equation (3) as:


  MNDWI =     Band   Green   −   Band   MIR       Band   Green   +   Band   MIR      



(3)




where     Band   MIR      is the reflectance of the MIR band. The index NDWI were applied on PlanetScope (4 bands) and Sentienel-2A imagery, while Landsat-8 applied MNDWI.





3. Results


Analysis of coastline changes from three different satellites with different spatial resolution for the same time-period from August 2016 to August 2021 indicate that there is difference in net shoreline movement (NSM) and the end point rate along 100 transects with a 100-meter spatial interval, as shown in Figure 4. The summarized results of the shoreline change rate statistics and net shoreline movement are shown in Table 2. In addition, the difference of the highest accretion distance between Landsat-8 and Sentinel-2 reaches 10 m, and between Landsat 8 and PlanetScope it is 6 m. The highest annual rate of coastal erosion and accretion in the study area is nearly ±2 m/year.



Spatial variations of the shoreline change rate over the study area refers to a difference of medium and high spatial resolution of satellite data. In transects (1–6), Landsat-8 data give an accretion rate approximately 3 m/year; while Sentinel-2 imagery indicated negative values reaching up to 4 m/year. In addition, large differences in coastline change rates appear in transects 20–30. The shoreline which come from Landsat 8 are higher the negative values from Sentinel-2 data. The transects 90–100 indicated that the shoreline rates from Landsat 8 is lower than PlanetScope and Sentinel-2 rates.



Therefore, the results from this study indicated that the rate of coastal change measured by Sentienel-2 closely tracks those of PlanetScope’s imagery compared to Landsat 8, as shown in Figure 3 and Figure 4. Figure 5 shows the correlation between the shoreline change rates from Landsat-8, Sentinel-2, and PlanetScope. It is clear that there is a strong linear relationship 0.73 between PlanetScope and Sentinel-2 rates; on the other hand, Landsat-8 rates give a weak correlation of 0.30 and 0.38 with PlanetScope and Sentinel-2 rates, respectively.




4. Discussion


The analysis of coastlines using three different remote sensing satellites shows that they indicate different rates of coastline change. This is to be expected due to the fact that the satellites have very different footprints. 3 m for PlanetScope, 10 m for Sentinel-2 and 30m for Landsat-8. Coastlines can be extracted and assessed for change more accurately using higher resolution imagery. The accurately of coastline effect on the change detection maps and rate of change. The study area is protected by eight short groins and five jetties to protect the coastline as well as four artificial inlets.




5. Conclusions


This study was the first to compare three different satellites data from medium- to high-resolution imagery to detect and extract linear coastline features as well as change analysis. All of satellite images used in this study can be used for coastline change detection, but some coastline features better identified using higher spatial resolution imagery such as PlanetScope and Sentinel-2A than Landsat-8. Landsat, however, has a much longer history—it was launched in 1972 and therefore is useful for long-term studies of change. Landsat imagery is also free of charge. PlanetScope has the smallest IFOV of the satellites studied (3 m) and therefore is useful when coastline change must be mapped to that level of precision is required. However, it is possible to measure and map coastline change satisfying many applications using medium resolution imagery from Landsat-8 and Sentinel-2A with are available free of charge.
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Figure 1. Study area. (a) Study area (image from PlanetScope taken in 2021). (b) Location of study area in northern Egypt. 
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Figure 2. Coastline feature extraction. Sub-figure (a) Landsat-8 MNDWI image August 2021; sub-figure (b) Sentinel-2A NDWI image August 2021; sub-figure (c) PlanetScope NDWI image August 2021; and sub-figure (d) spatial displacement between coastlines at the same time, August 2021. 
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Figure 3. Coastline change analysis using DSAS. 
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Figure 4. Comparing coastline change rates using different satellite data between 2016 and 2021. 
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Figure 5. Correlation and linear relationship between different coastline rates. Sub-figure (a) Correlation between Landsat 8 and Sentinel-2 shoreline change rates, sub-figure (b) the correlation between PlanetScope and Sentinel-2 shoreline change, and sub-figure (c) the correlation between Landsat 8 and PlanetScope for shoreline change. 
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Table 1. Specifications of satellite imagery used in this study.
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	Year
	Acquired Date
	Satellite/Sensor 1
	Path/Row
	IFOV (m)





	
	08/25/2016
	Landsat-8/OLI
	178/39
	30



	2016
	08/20/2016
	Sentinel-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
	Sentinel-2A/MSI
	L1C_T35RPQ
	10



	
	08/28/2021
	PlanetScope/3B
	082015
	3







1 Landsat downloaded from USGS Website: https://earthexplorer.usgs.gov/ (13 October 2021), Sentinel-2A downloaded from https://scihub.copernicus.eu/dhus/#/home (10 October 2021), PlanetScope downloaded from https://www.planet.com (15 October 2021).
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Table 2. Statistics of coastline change difference between 2016 to 2021 in meters.
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	Parameter
	Landsat-8
	Sentienel-2
	PlanetScope





	NSM 1 Highest Accretion
	49.83
	39.87
	43.84



	 Highest Erosion
	−15.97
	−22.44
	−18.61



	 Highest
	−3.23
	−4.60
	−3.69



	Erosion Average
	−1.50
	−1.48
	−0.02



	 Lowest
	−0.11
	−0.01
	−1.19



	EPR 2   Highest
	10.07
	8.00
	8.70



	Accretion Average
	3.06
	1.50
	1.52



	 Lowest
	0.00
	0.00
	0.01







1 Net Shoreline Movement (m). 2 End Point Rate (m/year).
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