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ABSTRACT: 
 

C 

oastal areas are dynamic and complex multi-function environmental systems; it characterizes 

by significant ecological and natural values in addition to excellent habitat and biological 

diversity. 
 

Sea level rise (SLR) and extreme water levels are the most important signs of the impacts of 

climate change causing major threats to human beings around the world particularly in fragile 

zones like Deltas and low-lying coastal areas. The potential effects increased when populations 

and their related economic activities highly concentrated along the coastal areas (M. M. El-Hattab, 

2015). 
 
A study of the geomorphology of large coastal area (that historically covered by both Lake 

Mareotis and Abu Qir Lagoon), including East of Alexandria City, Abu Qir city, Lake Idku, Kafr 

El Dauwar city, and the estuary of the river Nile (Rosetta branch), has been carried out for 

assessment of the vulnerability of the area to the impact of sea level rise.  

Recent observations of the mean sea level all over the world lead to a low rise of 1.2 mm/yr during 

the last hundred years (El-Raey, 1990). The relationship between rising sea level and the rate of 

shoreline erosion has formulated. A close correlation between sea level rise and shoreline retreat 

has checked for the Egyptian coast (Frihy, 1991). Seasonal and annual variation in sea level 

parameters (high-high water level, low-low water level, mean water level, mean high water level, 

and mean low water level) were studied (Manohar, 1981), (Hamid and El Gindy, 1988).  

Landsat Enhanced Thematic Mapper (ETM+) data were used to identify and delineate the 

geomorphological features, and a supervised classification technique was executed to extract an 

accurate and detailed land cover map. A geographic information system (GIS) has built including 

layers of land cover and topography (that created by interpolation all the available height 

information). Analysis of GIS data has been carried out to assess the vulnerability of various land 

cover classes to the possible impact of sea level rise. 

 

 
 



et al. El-Hattab M 

Journal of Environmental Studies and Researches (2017), 7(2-D) (Special Issue) Issued by Environmental Studies 

and Researches Institute (ESRI), University of Sadat City 

      Additionally, existing geological and topographical maps of the areas used as added 

information for elevation data, and to relate the classification results to the relief of the study area 

to build a Geographic Information System capable of identifying vulnerable areas to the sea                       

level rise. 

     Results indicate that most of the vulnerable areas are vegetated land (over 50%), followed by 

bare soil (over 17%), and the high-density urban areas constitute about 5-6%. The vegetation 

below sea level that represents a significant percentage of the distribution of total vegetation cover 

indicates that severe economic losses may incur if no action for protection is taken. 

     Future protection measures against impacts of sea level rise and the risk of large storms and salt 

water intrusion are highly recommended. These include landfilling of weak tunnels, 

implementation of sewerage systems, upgrading of land drainage systems and raising of awareness 

of stakeholders and decision makers 
 

KEYWORDS: Geomorphology – Remote Sensing – Global Warming - Nile delta - GIS - 

Vulnerability to climate change. 
 

 

1. INTRODUCTION  

Since the beginning of this century, the Nile Delta coast showed large erosional changes 

(Smith and Abdel-Kader, 1988); (Fanos et al., 1991); and (Frihy et., al 1994). According to 

coastal processes, the beaches have some morphologic changes (Scott, 1954); (Davis and Fox, 

1972); (El Askary and Frihy, 1986), (M. El-Hattab, 2016).   
 

The impact of an atmospheric warming and sea levels 30-70 cm higher than at present on the 

coastal lowlands of the Nile Delta during the next 50 to 100 years. It will depend not only on the 

degree of population and economic activities but also on the degree of coastal development 

during the next 2-3 decades (Sestini, 1991). This paper presents the work carried out to assess to 

what extent geological and geomorphological features could affect the vulnerability of the 

coastal areas to sea level rise. The sediment distribution on the continental shelf of the Nile Delta 

has been described well by some authors (EL Wakeel et al., 1974); (Summerhayes and Mark, 

1976); and (El-Raey et., al 1995). These studies agree in showing sands near shore and on the 

outer shelf of the Delta, and muds on the Rosetta and Damietta cones. 
 
  

Detailed information on surface morphology or information about surface land cover 

properties of coastal areas is important issues for proper assessment of impacts of sea level rise 

and adaptation. Unfortunately, limited detailed information is usually available, where field data 

collected.  
 
Historically, the site to the east south covered by an old lake called Abu Qir Lagoon. The 

building of Mohamed Ali Wall separated the lake from Abu Qir Bay, and the Lake later dried 

with some parts of adjacent Lake Maryut. The dry areas cultivated for some time and later many 

places were urbanized and inhabited. Most of the population and decision makers still do not 

realize that they located below sea level. Figure (1) represents an old map of the region which 

indicates that most of the area located below the sea level and in fact, Mohamed Ali Wall 

represents the only protection against the flow of the bay into this low-land area. 
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Figure (1): Low elevation land to the south-east of Alexandria City. It indicates the Old 

Abu Qir Lagoon and Lake Maryut. (Primary Source of data: US Defense 

Mapping Agency 1961, 1973, 1975, 1977) 
 

It realized that these areas are not only to impacted by potential effects of climate changes and 

sea level rise, but it is also under the severe risk of sudden inundation by extreme events of 

marine storms or damages to Mohamed Ali sea wall. The primary objective of this study is to 

identify and assess land uses and potential losses of the region and to explore options for risk 

reduction and adaptation. 

Satellite remote sensing is potentially powerful means of monitoring land-use change at high 

temporal resolution and lower costs than those associated with the use of traditional methods. 

(Adeniyi, 1985). All available approaches for change detection were checked to use the best 

available one (Susan et al., 1990), (Fung and LeDrew, 1987), (Howarth and Wickmore, 1981), 

(Nelson, 1983), (Robinove et al., 1983). 

Image processing classification results show that significant detailed information can 

extracted from the satellite data, the information did not include only the geomorphology, but it 

includes land cover and land uses of the study area.   
 

2. AVAILABLE DATA And MERGING 
  

Two recent LANDSAT ETM+ satellite images are acquired and used to cover the study area. 

The ETM+ images characterized by spatial resolution of 28 meters (multispectral bands). By 

using advanced image processing algorithms, the panchromatic band (spatial resolution of 14.25 

meters) of the image that uses the visible range of light merged with other multispectral bands. 

According to merging process, the image spatial and spectral resolutions improved. The final 

characteristics of the satellite image (that will use as the source of various land cover features) 
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will be six spectral bands of 14.25-meter spatial resolution. The resolution achieved could be 

considered reasonable for the purposes and goals of this study.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2):  The site location and details of the area under consideration 
 

3. SATELLITE IMAGE PROCESSING 

Several steps were carried out to prepare the satellite image to become a proper reference for 

GIS layers (GIS-ready). Those measures include: 

1. Adjusting the image that covers whole study area. 

2. Image registration 

3. Image rectification 

4. Spatial resolution merge 

5. Image processing (Filtering, Smoothing, etc.) 

First; two recent LANDSAT/ ETM+ images were mosaicked to cover the study area, as the 

study area is larger than one LANDSAT scene. After acquiring the image that covers the whole 

are, digital image processing techniques were carried out; it includes preprocessing, 

enhancement, and classification.  



Journal of Environmental Studies and Researches (2017) 
 

959 

 

3.1. Image Pre-Processing: 

The pre-processing techniques refer to the initial processing of the raw data to calibrate the 

image radiometry, correct geometric distortion and remove noise. The image was then 

geometrically corrected using fixed ground control points to ensure that the image has the proper 

geometric characteristics. Then it was rectified using a large number of ground control points 

and registered using WGS84 as a reference datum and ellipsoid, UTM as map projection using 

+36 zone number. Figure (3)  illustrates the satellite image after pre-processing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. LAND COVERS MAP PRODUCTION: 

The production of the land cover map from the pre-processed image was achieved using high 

accuracy classification techniques. 
 

4.1. Classification of satellite image: 

The satellite image was hybrid classified, which consists of two main steps, unsupervised 

classification followed by supervised classification. 
 

4.1.1. Unsupervised  Classification: 

The unsupervised classification carries out natural clustering of all pixels of the image into the 

main clusters (land cover classes) of the area. In spite of being of relatively low accuracy, it used 

to reduce time and effort. 

By using accuracy threshold level of 99.9%, the number of clusters obtained from this step is 

100 different clusters with its 100 spectral signatures. 

Figure (3): LANDSAT ETM+ Image of the Study area 
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4.1.2. Supervised Classification: 

This step is the second phase of the process, which began with assessing all the 100 spectral 

signatures (produced through unsupervised classification) and comparing it to some spectral 

signatures collected from field surveys. According to the detailed study of the spectral 

signatures, all similar signatures combined. The maximum likelihood classification (MLC) 

algorithm used in the classification process. Only six spectral signatures were found to be 

entirely separable (having a unique signature and digital number range value), i.e. the final 

classified image has a six different classes. The six land cover classes in the supervised 

classification image (Figure 4) identified as: 

1. Water Bodies (including all bodies such as River Nile, Sea, Lakes,etc.) 

2. Wet Vegetation (mainly the brackish water vegetation and some inland vegetation such as 

Rice) 

3. Vegetation (all types of plants and fruits as well) 

4. Plowed Fields (agricultural lands prepared for plantation and has small percentages of 

natural vegetation) 

5. Bare Soil (includes all areas with no vegetation cover and no land uses) 

6. Urban (includes fabricated high-density urban centres, medium density urban areas, low-

density cities, slums and rural areas ). 
 

4.1.3. Accuracy Assessment: 

The supervised classification accuracy percentage calculated by measuring the percentage of 

correctly classified pixels according to ground truth data; it was found to be 97.8% which was 

acceptable.  
 

5. INTEGRATING SATELLITE And GEOGRAPHIC INFORMATION SYSTEMS: 

Increasing interest show in the combined use of remotely sensed images and GIS based data 

sets for environmental applications. There is a great need for raster processing facilities because 

environmental parameters are continuous and have no firm boundaries. Data stored in a GIS 

needs to converted into raster format to be integrated into the image processing chain, on the 

other hand, integration of remotely sensed data into a vector system requires more effort but can 

be achieved by using an image as a backdrop for vector editing and on-screen digitizing. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (4): Supervised classification image 
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All data placed within the GIS structure with all its cross-relations. The classified image 

converted into a land cover map within the geographic information system, the produced image 

was first smoothed using “Low Pass” filter to make clusters polygon’s boundaries smooth. The 

second step is to convert the smoothed classified image into a particular format the GIS system 

could accept. The file converted into “LAN” format, then into “GRID” format, using ERDAS 

IMAGINE software.  
 

The next step of producing the land cover map is to import the supervised classification image 

into the system that has been done using ARC GIS software. The image imported into the GIS as 

Grid file, and then it was saved as a “SHAPE” file typical of GIS layers. Finally, the “Querry 

Builder” module in the ARCGIS system was used to reclassify the GIS layer into six separate 

GIS layers each represents one of the land cover classes, as in Figure (5). All the GIS layers then 

overlayed in one GIS layer representing the land cover map, as in Figure (6). 

 

6. ELEVATION MAP:  

 The elevation map is one of the primary GIS layers in the study, as it determines zones 

that could affect by sea level rise and zones that lie under danger of flooding by water. The 

elevation layer consumes the largest time in comparing with other GIS layers; it is produced in 

several steps as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5): Some of the GIS layers 

(a) Land Cover class “Water Bodies (b) Land Cover class “Vegetation” 

(c) Land Cover class “Bare Soil” (d) Land Cover class “Urban” 
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6.1. Elevation data collection: 

 The available elevation data have two types (format), they either points or lines. The 

point data layer edited and verified; Figure 7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7): Point elevation data 

-2.7 to 0.0 meters 

0.0 to 1.0 meters 

Over 1.0 meters 

Figure (6): Land Cover Map obtained from 

Classification of Satellite Image 
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The other type of the elevation data is the contour lines maps, which is converted into 

elevation points and then overlaid on the previously prepared elevation point data layer. Figure 

(8) illustrates the two types of elevation data after overlaying. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (8): Overlaid elevation data 

 

Finally, field surveys used in areas not covered by GPS to meet gaps in elevation points data. 

So, all elevation points interpolated and converted to raster form. “Spline” model was used to 

interpolate raster GIS layer and cover the elevation range from -2.7 meters to more than 41 

meters, increasing interval of  0.7 meters. The total number of height values produced is 65 

values. To make the elevation map usable, all the generated 65 values were averaged into 22 

values. Figure (9) represents the interpolated averaged elevation raster map. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (9): Produced Interpolation Averaged Elevation map 
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7. OVERLAYING LAND COVER MAP And ELEVATION MAP: 

This step is one of the most important stages in the study, it helps in zoning different land 

cover classes according to their elevation, thus identify areas located in the high-risk region. 

Figure 10, illustrates the overlaid map of both elevation and land cover maps. That step followed 

by producing a database of the overlaying resulting map, then converted into Excel format so as 

to analyze each elevation. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure (10): Overlaid elevation and land cover maps. 
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Table (1): Percentage of land covers for each elevation value 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table(1) illustrates various land cover classes in each elevation interval. It is clear that 

there are large differences in percentage values in each height range. To show the relative 

proportions of different land cover classes over the various height ranges, a series of charts 

plotted for that purpose. From these graphs, all the data needed to understand the interaction 

between different land cover types and its elevation could be identified. Also, the status of each 

land cover type and its vulnerability to the expected sea level rise could identify. 

  

 Next figures represent those charts that illustrate the distribution of each different land 

cover over the various elevation levels. 

Average 
Elevation 

L  a  n  d         C  o  v  e  r        P  e  r  c  e  n  t  a  g  e 

Water 
Bodies 

Wet 
Vegetation 

Vegetation 
Arable 
Lands 

Bare 
Soil 

Urban 

-2.7 10.45% 4.21% 52.57% 5.41% 19.16% 8.20% 

-2 1.77% 1.91% 66.68% 5.08% 20.37% 4.18% 

-1.3 2.11% 16.52% 57.47% 4.83% 15.87% 3.20% 

-0.6 8.35% 14.57% 52.29% 4.55% 14.67% 5.58% 

0 73.78% 3.02% 4.90% 1.53% 3.89% 12.88% 

0.1 71.29% 8.17% 6.75% 0.71% 1.79% 11.30% 

0.8 0.53% 5.43% 65.33% 5.85% 15.63% 7.23% 

1.5 0.20% 2.29% 39.25% 45.19% 8.94% 4.14% 

2.2 0.10% 3.88% 43.97% 38.02% 10.12% 3.91% 

2.9 0.46% 4.07% 60.40% 10.84% 21.74% 2.49% 

3.6 0.11% 0.92% 48.23% 33.17% 16.37% 1.20% 

4.3 0.08% 0.64% 41.06% 5.97% 49.27% 2.99% 

5 0.28% 2.01% 37.23% 11.30% 14.71% 34.47% 

5.7 0.30% 3.93% 62.77% 4.28% 18.67% 10.05% 

6.4 0.17% 2.04% 49.11% 3.99% 16.14% 28.55% 

7.1 0.15% 2.38% 48.58% 7.97% 17.38% 23.55% 

7.8 0.12% 0.05% 30.98% 9.33% 16.24% 43.28% 

8.5 0.14% 0.16% 47.53% 4.24% 17.65% 30.29% 

9.2 0.24% 0.54% 63.82% 5.76% 24.21% 5.43% 

9.9 0.31% 0.45% 8.37% 6.94% 79.41% 4.53% 

10.6 0.10% 0.53% 56.58% 7.53% 29.99% 5.27% 

11.3 0.13% 0.19% 9.66% 11.13% 76.98% 1.91% 

12 0.23% 0.17% 24.67% 7.80% 65.92% 1.22% 

12 to 20 0.00% 0.03% 16.83% 9.50% 73.63% 0.02% 

20 to 30 0.00% 0.01% 15.95% 2.81% 78.44% 2.80% 

30 to 40 0.03% 0.12% 62.46% 10.17% 25.95% 1.26% 

more 40 0.02% 0.18% 67.90% 7.50% 23.25% 1.15% 
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Figure (11): Percentage of “Water Bodies” land cover over the different average height values 

 

 
Figure (12): Percentage of “Wet Vegetation” land cover over the different average height 

values 

 

 
Figure (13): Percentage of “Vegetation” land cover over the various average elevation values 



Journal of Environmental Studies and Researches (2017) 
 

967 

 
Figure (14): Percentage of “Arable Lands” land cover over the different average height values 

  

 
Figure (15): Percentage of “Bare Soil” land cover over the various average elevation values 

 

 
Figure (16): Percentage of “Urban” land cover over the different average height values 
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According to the previously illustrated diagrams, it well realized that: 
 

(1) Most of the activities in the region lie at low elevation despite the availability of barren 

land on safe, high elevation areas. 

(2) Physical enforcement of Mohamed Ali Seawall is a necessary prerequisite for any 

adaptation policy or measures in the region. 

(3) The majority of the urban population is located at a relatively safe elevation intervals so 

that the cost of adaptation measures will not involve dislocation of the majority of 

inhabitants. 

 

7. CONCLUSIONS And DISCUSSIONS 

Historically, the area was known to be the site of the old Abu Qir Lagoon, which connected to 

Lake Maryout. At the beginning of 19th century, the farmers of the areas at the southern margins 

of the Maryout Lake complain about flooding their farms by the Lake’s waters especially during 

Winter seasons. Thus Mohamed Ali (the Governor of Egypt that time) has established of 

Mohamed Ali Wall to the north of Abu Qir Lagoon that blocks the bay water from reaching 

these water bodies. As this wall still stands for a recent time, the dry land south of it used for 

agriculture at the beginning, and then it was later urbanized without actually realizing that it 

located below the level of sea water. 

Later, it well recognized that the low elevation area is highly vulnerable to potential impacts 

of salt water intrusion and that it is subject to high risks of salt water intrusion. It was important 

to identify and assess land use distribution and its relationship to topography and hopefully to 

work out a way to minimize potential impacts on these lowland areas 

This work uses remote sensing and GIS techniques to identify and assess the distribution of 

the land use over the lowland areas (in addition to the adjacent highland area). Results indicate 

that in areas with elevation average 2.7 meters below mean sea level the most dominant land 

cover is “vegetation” (about 52% of the total area). It followed by “bare soil,” “urban,” and 

“arable lands” that constitute 19%, 8%, and 5%, respectively. In areas with elevation average 2.0 

meters, below mean sea level the most dominant land cover is “vegetation” (about 66% of the 

total area), followed by “bare soil,” “arable lands,” and “urban” that represent 20%, 5%, and 4% 

respectively. Also for other lowland areas, the vegetation land cover class is the most dominant 

class. 

Those results indicate that the area has an environmental problem and needs urgent plans for 

protection, risk reduction and adaptation measures such as: 

(1) Monitoring of water logged areas, salt-effected lands, and slum areas to establish a 

combating plan.  

(2) Development of a socioeconomic awareness program for stakeholders and decision 

makers 

(3) Development of agricultural and municipal infrastructure and waste water treatment 

facilities 

(4) Development of an action plan to be followed for upgrading the region making use of the 

extensive touristic resources of the area. 
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