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Abstract. The present papers aims at  highlighting the 
urban development, fishing activities,  tourism,  
industrial  development  and  agricultural  activities  that  
affect delicate and valuable coastal ecosystems. A 
supervised classification, post-classification, change 
detection techniques were applied to Land sat images 
acquired in 1991 and 2007, respectively, to map land 
cover changes along the north-western coast of Egypt, 
from Alexandria to El Alamein. A supervised 
classification was carried out on the six reflective bands 
for the two images individually with the aid of true 
ground data. The truthful ground information, collected 
during field trips using ancillary data, visual 
interpretation and experts’ knowledge of the area using
GIS, further refined the classification results. 
Post-classification change detection technique was used 
to produce image through cross-tabulation. Changes 
among different land cover classes were assessed. 
During the study period, a very severe  land  cover  
change  has  taken place  as  a  result  of  agricultural 
and  tourist development projects. These shoreline and 
land cover changes led to modifications of the 
environmental properties.
Key words: coast, environment, Geomorphology,
Geology.

Rezumat. Schimbările de mediu de-a lungul coastei 
de nord- vest a Egiptului. Studiu de caz de la 
Alexandria până pe Coasta El Alamein. Lucrarea 
doreşte să sublinieze dezvoltarea urbană, activităţile de 
pescuit, turismul, dezvoltarea industrială şi activităţile 
agricole care afectează ecosistemele valoroase şi 
delicate de coastă. O clasificare verificată, post-
clasificată şi tehnici de detectare a schimbării au fost 
aplicate imaginilor Landsat din 1991 şi 2007, pentru a 
cartografia schimbările de teren pe coasta de nord-vest a 
Egiptului, de la Alexandria la El Alamein. O clasificare 
verificată a fost realizată pe 6 benzi reflective din două 
imagini individuale cu ajutorul datelor reale de teren. 
Informaţiile reale din teren adunate în timpul aplicaţiilor 
de teren folosind datele auxiliare, interpretarea vizuală 
şi cunoştiinţele experţilor despre zonă prin GIS au 
determinat o perfecţionare a rezultatelor de clasificare. 
Tehnica de detectare a schimbării de post-clasificare a 
fost folosită pentru a genera imagini prin tabulare 
transversală. Schimbările din cadrul diferitelor clase de 
terenuri au fost evaluate. În timpul perioadei de studiu, o 
schimbare severă de terenuri a avut loc ca rezultat al 
proiectelor de dezvoltare agricolă şi turistică. Aceste 
schimbări din linia coastei şi de teren au dus la 
schimbări ale proprietăţilor de mediu.
Cuvinte cheie: coastă, mediu, geomorfologie, geologie.

1. Introduction:
During the last century, coastal urbanization 

has grown dramatically and coastal cities have 
expanded rapidly, strongly influencing marine 
and coastal ecosystems, and raising the 
importance of preserving the coastal environment 
as a major urban planning issue for sustainable 
development. In order to understand the 
interrelation of human impact and landscape 
evaluation and to determine to what extent 
cultural changes were environmentally 
influenced, it is necessary to study key areas
where extensive landscape changes as well as 

early and rapid cultural development took place 
concurrently. This paper discusses the main 
environmental changes in coastal areas, the 
social-economic activities that cause these 
problems and the benefits identified from the 
implementation of the Integrated Coastal Zone 
Management approach.

The paper focuses on the North-Western coast 
of Egypt, from Alexandria to EL-Alamein, where
population increase and economic growth exerted
a remarkable pressure on the coastal environment, 
also due to a non-integrated urban coast planning.
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1.1 The studied area
The studied area is located between 30◦13" and

31◦10" North and 28◦14" and 29◦15" East, on the
North-western coast of Egypt (Fig 1). Bordered by
the Mediterranean Sea to the North, Alexandria to
the East, El-Alamein town to the West and
Khashm El-Eish ridge to the South, it covers about
3750 sq km. The area is made up of sedimentary 
rocks, formed during Tertiary and Quarterly
geologic ages (Selim, A, A. 1971). 

The area has a mediterranean climate, as it lies
in the northern extremity of the Western desert of
Egypt, parallel to the Mediterranean Sea. The
coastal plain is characterized by its sandy flat
indented coast line, bays with marches, very 
shallow lagoons, impeded low sandy ridges and

dunes of calcareous rocks, Oollitic limestone, 
depression backed by plains that rise gradually
towards the southern plateau. There are numerous 
wetlands near the coast that have different trends.
In the depression south of Maryiout Lake, urban 
growth takes place around Lake Maryiout shore 
lines, mostly to the prejudice of wetlands.

There is a trend of future expansion and 
changes of land use due to tourist sites and summer 
resorts along Mediterranean coast such as Marina 
(the largest resort). All these sites are obvious in 
the images. The construction of the international 
coastal highway, located parallel to the 
Mediterranean shore line, has caused accelerated 
changes in land use and land cover within the area. 

Fig. 1 Location map of the studied area

There is a short rainy winter and a dry 
summer. The average quantity of precipitation is 
150 mm, which makes possible the cultivation of 
barley. The rains during winter also replenish the 
shallow wells with water. The water from these
wells is used for civic purposes, as well as for 
irrigation of orchards during summer.  

The coastal erosion and accretion phenomena 
have been greatly affected by the marine factors and 
processes such as waves, breakers, littoral current
tide etc. The dynamic forces affecting the coast 
play an effective role in sorting processes within 
each coastal environment.
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2. Objectives
1. Identification of the main geological and 
geomorphologic features and their spatial 
distribution.
2. Description of the prevailing landforms and 
their possible determinant mechanism.
3. Determining the environmental changes 
between 1991 and 2007.

3. Methodology
The study of environmental changes depends 

on more than one scheme from geographical, 
geomorphologic and environmental studies. The 
geographical information system (G.I.S) was also
applied using Arc GIS Program, followed by the 
analysis of space views from 1991 to 2007, but 
also their connections with previous topographic 
maps. Topographic maps at the scale 1:250,000 
were used. 

Land sat TM data has ground resolution of 30
meters and seven spectral bands cover the visible, 
near infrared and thermal bands of the 
electromagnetic spectrum, that cover the North 
Western part coast of Egypt, with two data: 1991 
and 2007 (Figs. 2 &3).

Fig. 2 False colour composite image
of Land sat TM (1991) bands 4, 3, 2

Fig. 3 False colour composite image of Land sat
ETM (2007) bands 4, 3, 2

Several pre-processing steps were required to 
standardize and correct the various datasets.  
Classification processing and techniques used to
produce the land-use and land-cover maps are 
shown in Fig. 4 and 5. 

Fig. 4 Land use classified map 1991

Fig. 5 Land use classified map 2007

4. Previous work
Several Geology and Geomorphology studies 

have been carried out for the Mediterranean coast 
of Egypt: Shukri et al. (1955), Butzer (1960) 
Hilmy, M.E. (1951), Embabe, S, N.(1998), FAO 
(1970), El-Shazli et al. (1975), Hammad (1986),
Ismail et al. (1983), El-Raey et al. (1995), 
Embabei (2000) and Shata, M,A, M. (1979).

5. Results
5.1 Geological and Geomorphologic 

features
- Coastal plain
The coastal plain is a zone of variable widths 

and elevation along the Mediterranean coast. Its 
width varies from few meters near headlands to 
some kilometers, along enclosed gulfs. Its 
elevation varies from sea level to about 100 m, 
different phases of tectonic upheaval, that took 
place during Middle until Tertiary (Fig. 6).
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Fig. 6 The Geological formation of the western Mediterranean coast of Egypt
Source: Ahmed M.H. (2002)

The geological formation of the Western 
Mediterranean coast of Egypt has nine Ridges 
separated by eight depressions that run parallel to 
the present Mediterranean coast (Shukri et al., 
1955)

1- The coastal plain is very narrow or even 
lacks across headlands. Sometimes it becomes 
wider, with pronounced successive ridges and 
depressions. The surface of the plain is undulated, 
occupied by a series of elongated ridges parallel to 
the coast line. 
Several ridges start near Lake Mariut and gradually 
become less obvious towards the West. 

2- At a regional level, the coastal plain becomes 
wider eastwards (Eastwards from EL Dabaa) and 
becomes narrow where the headlands exist (West 
EL Dabaa).

3- Southwards, the coastal plain is bounded by 
the cliffs of the structural plateau. Sometimes, the 
piedmont plain reaches more than 50 m in the 
south. They alternate with shallow depressions, 
dissected by shallow dry valleys. 

4- The eastern side of the headland represents 
the outlet of drainages lines; which are close to sea 
level, giving rise to salt marshes.

5- The headlands themselves are cut by sea 
waves (such cliffs were formed on Miocene 
formation (Hammad,1986). 

- Beaches
The famous beaches along the Mediterranean 

sea normally exist between headlands, facing the 
synclinal embayment. The beaches are 500 m to 
more than 1.5 km long (Fig. 7); the sandy beaches 

along shorelines are mainly made up of loose sands 
eroded in oolitic limestone ridges. The size of sand 
grains on the beach varies from medium to fine. 
The sand is mixed with little amount of shell 
fragments and heavy minerals. 

Fig. 7 Beach along EL Alamein area

- Coastal Dunes
The coastal dunes are found close to the beach 

within synclinal areas; they are well developed and
extended recent ridges parallel to the present 
beaches. They are composed of loose white oolitic 
carbonate sands washed from the degradation of 
oolitic coastal ridges, almost the fore shore dunes 
are impeded by plants the frontal dunes are 
generally extended as ridges parallel to the 
shoreline (Fig. 8).
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Fig. 8 Coastal dunes cover with Nebak along
North Western Coast

- Coastal Ridge
The coastal ridge is an elevated land form 

slopes gently landward and steeper seaward this 
ridge is composed of white cross bedded, friable 
oolitic limestone, locally this ridge is covered by 
snow white carbonate sand. The Northern 
elongated ridges are more conspicuous and more 
recent than the southern and are composed of 
calcareous aeolianites and are capped by a solid 
thin brown crust, the ridges generally extend from 
East to West, with widths ranging between 100 m 
and more than 500 m (Fig. 9).

Fig. 9 Coastal Ridge in the Western Coast of 
Alexandria

-Coastal Depressions
It is shallow elongated and oriented in an E-W 

direction, as it is found between the ridges, the 
elongated depression represent old Lagoons during 
Early and Middle Pleistocene glacial and 
interglacial periods as the surface of the depression 
approaches sea level, it is turned into salt marshes 
and lagoons. This surface is almost flat with 
ground elevation of ± 2 m. It is occupied by 
reddish brown soil deposits are the product of 
coastal wad's that drain the depression as in East 

Ras EL Hekma, EL Alamein, Omaid, along the 
North Western Coast .

- Lagoons
Lagoonal deposits are widely distributed in the 

subsoil bellow alluvial deposits, the saline deposits 
are composed of calcareous loam mixed with 
oolitic sands and contain high amount of 
evaporation .gypsum is mined from the second 
depression in both El Gharbaneyat and Omayed.. 
The main lagoon along the northern shore lines are 
eastern and western, Maryiout lagoons (Fig. 10). 
They are shallow, small longitudinal with small 
area less than 5 km.

Fig. 10 Maryiout Lagoon

- Salt Marshes and Lagoons
It is found between dissected ridges with lower 

elevation below sea level as west Matruh, where it 
is formed due to surface erosion by drainage lines, 
many Lagoons, 13 sabkhas are distributed along 
the North Western Coast at El Dabaa, Ras El 
Hekma, this surface is mostly covered with 
carbonate dune (Fig. 11). 

Fig. 11 Salt Marshes in Dabaa Area

-Off shore land
Off shore lands are separated rocky islets in the 
Mediterranean sea; they are the remnants of 
younger ridges, submerged in recent times as new 
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cycle of submergence particularly near Ras El 
Hikma.

- Inland dunes
They are accumulated on the slope of the ridges.
These dunes are composed of both carbonate and 
quartz sands.

- Inland depression
These are found between the inland ridges, the 
surface is covered by alluvial deposits.

- Inland ridges
The coastal ridge is followed to the south by a 
series of elongated Oollitic limestone ridges with 
an elevation varies from 55.65 to 85 m which are 
composed of hard Oollitic limestone (Fig. 12).

Fig. 12 Ridges in El Alamein area

5.2 Environmental Impacts

The study of land cover change detection since 
it provides essential information about the natural
and spatial distribution of land cover changes, 
there are returns to physical processes like waves,
storm, littoral current along the shore line; on the 
other hand, human factors have greatly affected the 
changing nature of the studied area (Fig. 13). Land 
degradation processes in the study area are 
degradation of natural vegetation due to
overgrazing and the remarkable inter-annual 
variation of rainfall (Fig 13).

Land use and land cover in the studied area has 
different trends in the degrees of changes, as a 
result of expansions of tourist sites and summer 
resorts and roads construction, particularly the 
international coastal highway, which is located
parallel to the shoreline, causing accelerated 
changes in land use and in landscape as whole. The 

nature of the changes of different land cover 
classes could be derived from Fig. 14 and 15. The 
percentage of changes from 1991 to 2007 indicate 
the increase of salt marches, cultivated areas, 
greenland urban areas, while there is a decrease of 
Sabakhas area. 

Fig. 15 The  percentage of environmental changes 
along North-Western coast area

6. Conclusions 
The objectives of this study were to provide an 

actual perspective regarding land cover types and 
land cover changes that have taken place in the last 
sixteen years, to integrate visual interpretation with 
supervised classification using GIS and to examine 
the capabilities of integrating remote sensing and 
GIS in studying the spatial distribution of different 
land cover changes.

The analysis outlined that integrating visual 
interpretation with supervised classification led to 
increasing the overall accuracy by about 10 
percent. The studied area has undergone a very 
severe land cover change as a result of either 
agricultural or tourist development projects.

Both a considerable increase of urban 
settlements, as well as huge increase in agricultural 
land have taken place. The natural vegetation areas 
have decreased considerably. Integrating GIS and 
remote sensing provided valuable information on 
the nature of land cover changes especially the area 
and spatial distribution of different land cover 
changes. 

The main causes of land degradation in the 
study area are removal of vegetation and water 
logging. This problem needs to be seriously 
studied, through multi-dimensional fields including 
social-economic ones, in order to preserve the 
newly reclaimed land and to increase food 
production.
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Fig. 13 Changes between 1991-2007

Fig. 14 Land cover change detection image between 1991 and 2007
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7. Recommendations

There are recommendations to be made as a 
result of issues analysed during this study:
1. It is important matter to stop drying marshes in 
order to prevent sea inundation
2. Cleaning up the inlet-entrances of lagoon to 
protect the biological ecosystem related to the 
exchange of water between sea and lagoons. 
3. In order to reclaim urban land, it is important to 
remove mines, particularly near main roads and 
settlement centers.
4. Improving the harbours along the coast to 
develop the area in several fields particularly 
regarding protected sites.
5. The Government must guide its effort to extend 
water pipes from Nile to the coastal area, and 
improve the native wells as water resources for 
domestic use and agriculture.
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