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ABSTRACT :The land-water boundary known as the shoreline is the area most conducive to 

development. Due to both natural and human influences, these areas are highly variable. To study the 
coastline morphology, the coastal region of the northern Suez Canal is chosen. Shoreline retreat is extracted, 
monitored, measured, and interpreted using GIS and remote sensing techniques. Three zones made up the 
area under investigation. The shoreline studying and monitoring showed that zone 1, Suffering from erosion 
rates was found on the coast of El-Tina plain (-17.2 to -11.9 m/year). Converted Eastward to accretion at rates 
reached +19.7 m/year. While over zone II, the results show that the investigated zone suffer from continuous 
regression (-0.82 to -5.690 m/year) and in Zone III, the results show that the investigated zone suffered from 
regression in the western side by rates reached -8.52 m/year and accretion at rates reached to +13.7 m/year. 
Prediction of shoreline position in years (2030, 2040 and 2050) is implemented based on the rates of changes. 
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I. INTRODUCTION 

Coastal zones are very changeable environments that experienced many natural and anthropogenic processes. 

The natural dynamic interaction between the water and the land such as waves, storms, tides, currents and winds 

cause continuous coastal changes over space and time. Not only nature affects the coasts but also human activities 

play a vital role in that concern. As most of the world's population resides in such zones, coastal areas are suffering 

from humans’ activities. More than 80% of coasts throughout the world are exposed to retreat at annual rates 

ranging from 1.0 cm to 30 m (Appeaning Addo et al., 2008). The destructive coastal geological process known as 

coastal erosion occurs everywhere in the world. (Yining et al., 2022). 

The most fluctuating area in the region of the coast is the boundary line between land and water (shoreline), 

which are very complicated changeable geomorphic systems (Ghoneim et al., 2015). They mentioned that the 

shorelines response to changes ranging from small, intermediate and large scale events. Through the small event, 

waves, storms winds and tides are the main factor in that changes, while the intermediate scales, shoreline changes 

are complicated and mainly connected to population activities (Del Río et al., 2013), but on the other hand, the 

large scale events, costal dynamics belonging to major events associated with climate change and land tectonics 

activities causing land subsidence and subsequently coasts submerging (Cowell & Thom, 1994; Del Río et al., 

2013; Ghoneim et al., 2015) . That intermediate term of changing occurred over decades and become in the scope 

of interest. Tracking the position changes of shoreline throughout the time is essential item to coastal managers 

(Council, 1990; Douglas, B.C. and Crowell, 2000). 

Analysis of coastal zones is very important not only for coastal scientists and managers, but also, decision 

makers are interested in that purpose. For coastal management, it is necessary to have knowledge of where the 

shoreline is at the present, where it has been in the past and building models to predict where it will be found in the 

future. The shoreline displacement analysis has applications in many fields such as development planning, hazard 

zoning, erosion-accretion studies and prediction of coastal morpho-dynamics (Aedla et al., 2015). Traditional 

ground survey techniques are a non-economic and time-consuming approach. Over recent years, remote sensing 

and geographic information system (GIS) environments provide improved capabilities to study shoreline 
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deflections. It can handle the accurate geographic position of the coastline and calculate the changes over the 

coastal zones. GIS software such as Digital Shoreline Analysis System (DSAS) are widely used for that target 

(Aedla et al., 2015; Basu and Mitra, 2016; Cenci et al., 2018; El Sharnouby and El Alfy, 2015). With the help of 

historical data, many statistics have been assessed for shoreline projection in the future (Nassar et al., 2018). The 

most widespread and utilized models for that purpose includes End Point Rate (EPR) model, Average of Rates 

(AOR), Least Median of Squares (LMS), Linear Regression Rate (LRR) and Jackknife model (JK) (Burgess et al., 

2004; Moran, 2003). 

Several studies investigated shoreline position over space and time such as (Aedla et al., 2015; Appeaning 

Addo et al., 2008; Basu and Mitra, 2016; Bengal, 2018; Cenci et al., 2018; Douglas, B.C. and Crowell, 2000; 

Makota et al., 2004; Xu, 2018). 

Recently the Egyptian government looking forward to develop the Suez Canal District. In order to 

accommodate the independent passage of ships traveling in opposing directions, a new 72-kilometer-long second 

shipping lane was dug within the 164-kilometer-long canal as part of the development planning process.  

Furthermore, the government aspires to convert the area into a top-notch global transportation hub and industrial 

processing hub that services the markets of the American, Asian, and European continents. Consequently, this will 

encourage and promote the Egyptian people's economic development and prosperity. However, with the expected 

increase in transiting vessels and industrial activity, the environmental impact of this growth needs to be accurately 

assessed and managed. There for, the present study aims to utilize series of Landsat data over 30 years-time-span to 

monitor assess, track and predict the shoreline displacement over the investigated area. 

Study area  

Suez Canal is an artificial waterway located in the northeastern part of Egypt connecting the Gulf of Suez and 

the Mediterranean Sea. It is surrounded northwards by the Mediterranean Sea, eastwards by the Sinai Peninsula, 

southwards by the Gulf of Suez and the Red sea and westwards by the Nile Delta. Suez Canal Zone is generally 

dominated by water bodies and lowlands covered by soft gravels and friable sandstone with silt and clay 

intercalations. The Suez Canal sedimentary covers belong to ages from cretaceous to recent (El Shazly et al., 1975). 

In the northern part, most of the sediments are related to the Pleistocene and Recent (Gaber M., 1993). The 

Pelusium shear system (NE to SW) is the main structural feature across the Suez Canal zone which is derived 

mainly from the shoulder cliff of the Gulf of Suez with downthrown side toward the Mediterranean Sea (Gamal, 

2013). In this thesis we divided the investigated area into three zones as shown in (Fig. 1). Zone I extends from the 

entrance of the Canal eastward to the beginning of El-Bardawile Lake. Zone II extends over Port Fouad city and the 

maritime. Zone III extends over Port Said city westward of the Suez Canal. 

  

.II.Materials and Methods 

The location of the coastline in the area under investigation was determined using multi-temporal satellite data 

from the Landsat series TM, ETM, and OLI/TIRS during a 30-year period. Between 1987 and 2017, the images 

were regularly downloaded from the USGS Global Visualization Viewer (GloVis, http://glovis.usgs.gov/) (Table 

1). In order to prevent clouds, the summer season was chosen for the data. The Landsat scenes used for this project 

are Level 1 Terrain corrected (L1T) products, which are radiometrically and geometrically corrected data for the 

terrain. 

 

2.1. Shoreline extraction from satellite imagery  

The significant absorption of water in the near-infrared and mid-infrared regions of the electromagnetic 

spectrum is the primary basis for the coastline extraction in this work. Therefore, signal near-infrared band 

segmentation thresholding was carried out using Environment for Visualizing Images (ENVI) software version 5.3, 

where the reflectance of water close to zero. Because the Scan Line Corrector failed (SLC-off) in May 2003, 

Simple gap-filling practice were implemented on the Landsat 7 (ETM+) image to match the missing pixel data (Fig. 

2). The mentioned thresholding technique, making it easy to distinguish land from water and binary image can be 

gained. Hence the chosen method was applied to four Landsat images (Table 1) and generated 4 binary images (Fig. 

3). All of the binary raster converted to vector polygons data set using ArcGIS software (version 10.4). Every 

polygon transformed into line shape file and extracted the shoreline. All the shorelines were combined in a single 

shape file as shown in (Fig. 4). All processing and results interpreting procedures were performed in the laboratory 

of remote sensing and GIS, Al-Azhar University (Fig. 5). 

 

2.2. Shoreline change rate and future prediction  

In recent, GIS environments have the ability to study shoreline morphology deflections. The shoreline changes 

for the investigated area over 30 years were calculated using the Digital Shoreline Analysis System (DSAS) 

Version 4.4. DSAS is a software Published by the United States Geological Survey (USGS). It works as an add-on 

extension to Environmental Systems Research Institute (ESRI) ArcGIS software that allows to calculate shoreline 

rate of change statistics from multiple historic shoreline positions (Thieler et al., 2012). 



Bulletin  of Faculty of Science ,Zagazig University (BFSZU) 2023 
 

 
h t t p s : / / b f s z u . j o u r n a l s . e k b . e g / j o u r n a l  Page 136 

Firstly, baseline which acts as a reference for the remote sensing derived shorelines were created. A total 

number of 754 transects for Zone I, 79 for Zone II and 589 for Zone III with 50-meter intervals were generated 

perpendicular to the reference baseline.In order to verify the authenticity of the Landsat-derived shorelines for 

coastal analysis, the extracted shorelines were overlaid on Google Earth.  

To compute change statistics over the examined area, linear regression rate (LRR) and end point rate (EPR) are 

utilized. By dividing the distance between the oldest and most recent shorelines by the amount of time they have 

been there, the EPR is computed. By fitting a least-squares regression line to all shoreline locations for a specific 

transect, the LRR of change statistic can be calculated (Thieler et al., 2012).The End Point Rate (EPR) model was 

used to forecast future positions of the shoreline along the study area. 

 

III.RESLUTS And DISCUSSIONS 

Over a thirty-year period, shoreline change detection has been observed along the Suez Canal Zone's northern 

coastal section (1987–2017). Multi-spectral series of Landsat imageries were utilized. Segmentation thresholding 

for signals near- infrared bands has been used to extract shoreline positions. The research area's change rate was 

detected using the end point rate module. For accurate erosion and accretion tracing the study area has been 

classified into three zones. Over zone I, the results show that change rates varied over the investigated zone. Highly 

erosion rates were found in on the coast of El-Tina plain (-17.2 to -11.9 m/year) (Fig. 6). The erosion has been 

decreased eastward and converted to accretion at rates reached +19.7 m/year. Over zone II, the findings indicate 

that the examined zone continues to experience coastline regression at rates between (-0.82 and -5.690 m/year) 

(Fig. 7). While in Zone III, the results show that the investigated zone suffered from regression in the western side 

by rates reached to -8.52 m/year and accretion at rates reached to +13.7 m/year (Fig. 8). These results lead to figure 

the coast environment over the northern part of the Suez Canal coast. This regression in the shoreline may be 

related to some natural and human activity factors. Sea Level rising resulted from climate change and natural 

subsidence have playing important role in that propose. By 2100, the sea level would increase by 0.8 to 1.2 meters 

because of climate change, according to the Intergovernmental Panel on Climate Change (IPCC).(Gaber et al., 

2014) stated that the total land subsidence over the study area was found to be 17 mm during the period from 2007 

to 2010. On the other hand, the shipping and industrial activities made sense in the shoreline retreat. The ship 

traffics may generate an additional current beside the natural current which can increase the submerged areas. The 

results show that Zone two of the shoreline is more vulnerable to coastal erosion as it has a continuous retreat and 

the position of that Zone. 

Zone two is the port Fouad coastline, which is regarded as a crucial component in the global transportation 

sector due to its location at the waterway's entrance to the Suez Canal. There is a danger of flooding in the area due 

to the zone's erosion rate, which ranges from 0.8 to 5.6 meters per year. So, three temporal scenarios were used to 

detect the spatial extent of the retreat in the assumption of the rates still constant, the positions of the three temporal 

scenarios are shown in (Fig.  9). As the Egyptian as the decision-makers is very interested in this area, there is an 

urgent need to take further measures against this retreat in order to protect this important zone. 

 

IV. Conclusion 

The analysis of the results suggests that the remote sensing data along with geographic information systems 

have the ability to monitor and assessing shoreline retreat. The long-term of shoreline change is extensively 

investigated over the coastal area of the northern part of the Suez Canal Zone over 30 years (1987- 2017). Shoreline 

positions are extracted over the study area in 1987, 1997, 2007 and 2017 respectively. Digital Shoreline Analysis 

System (DSAS) Version 4.4. DSAS were used to calculate shoreline rate-of-change statistics from the extracted 

positions. The EPR module was used to make three scenarios of the future shoreline position. The results show that 

the coastal area of the northern part of the Suez Canal is subjected to coastal erosion and needs artificial protection 

especially in the area of zone two. 
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Fig. 1.  Location map indicating the three zones of the area under investigation. 

Fig. 2.  Gap filling Landsat 7 SLC off data using ENVI. (a) Post SLC failure (b) after SLC correction. 
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Fig. 3. Four binary images resulted from segmentation thresholding for 1987, 1997, 2007 and 2017 

dates respectively. 
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Fig. 5.  Flow chart illustrating procedures of processing and results. 
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Figure 6: Shore line change rates on Zone 1, (a) Extracted shorelines for years 2017and 1987, (b) 

Shore line change rates, (c) Change rates via distance from east to west. 
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Figure 7: Shore line change rates on Zone 2, (a) Extracted shorelines for years 2017and 1987, (b) 

Shore line change rates, (c) Change rates via distance from east to west. 
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Fig. 8: Shore line change rates on Zone 3, (a) Extracted shorelines for years 2017and 1987, (b) Shore 

line change rates, (c) Change rates via distance from east to west. 
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Figure 9 shows a projection of future shorelines over Zone II. The green line shows where the 

shoreline is in 2017; the black line shows where it will be in 2030; the blue line shows where it will be 

in 2040; and the red line shows where it will be in 2050. 
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Table 1: details of Landsat data 

Acquisition date Sensor type Path/Raw Spatial resolution 

27/07/1987 Landsat 5 – TM 

1
7

6
/3

8
     30 m 

22/07/1997 Landsat 5 – TM 30 m 

27/08/2007 Landsat 7 – ETM+ 30 m 

13/07/2017 Landsat 8 -OLI/TIRS 30 m 
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