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The rapid urban development in the Hurghada area since the 1980s has dramati-
cally enhanced the potential impact of human activities. To inventory and monitor
this urban development effectively, remote sensing provides a viable source of
data from which updated land cover information can be extracted efficiently and
cheaply. In this study, data from three satellite datasets, Landsat Thematic Mapper
(Landsat 5 TM), Landsat Enhanced Thematic Mapper Plus (Landsat 7 ETM+)
and Terra/Advanced Spaceborne Thermal Emission and Reflection Radiometer
(ASTER), acquired during 1987, 2000 and 20035, respectively, were used to detect
and evaluate Hurghada’s urban expansion. Five change detection techniques were
tested to detect areas of change. The techniques considered were image differenc-
ing, image ratioing, image overlay, multidate principal component analysis (PCA)
and post-classification comparison. The post-classification comparison was found
to be the most accurate procedure and produced three land use/land cover (LULC)
maps of the years 1987, 2000 and 2005 with overall accuracies of 87.8%, 88.9%
and 92.0%, respectively. The urban expansion analysis revealed that the built-up
area has expanded by ~40 km? in 18 years (1987-2005). In addition, 4.5 km? of
landfill/sedimentation was added to the sea as a result of the coastal urban develop-
ment and tourist activities. The booming coastal tourism and population pressure
were considered to be the main factors driving this expansion, and some natural
and artificial constraints constrained the physical shape of the city. The expan-
sion is represented by urban fringe development, linear, infill and isolated models.
Topography, lithology and structures were also analysed as possible factors that
influenced the expansion. The understanding of the spatial and temporal dynam-
ics of Hurghada’s urban expansion is the cornerstone for formulating a view about
the future urban uses and for making the best use of the limited resources that are
available.

1. Introduction

From a broader perspective, urbanization is just one of the many ways in which
humans are altering the land cover of the globe. Hence, this urbanization is a com-
plicated process that is determined by the interactions of biophysical factors and
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human factors in space and time at different scales (Barredo er al. 2003, He et al.
2006). Urbanization has been studied extensively in the last few decades because of
the increasing interest in environmental issues. Since the Stockholm Conference on
human environment (1972) and continuing now, scientists, planners and researchers
have paid much more attention to the issues of land cover changes (Loveland et al
1991, Dale et al. 1993, Romero et al. 1999).

Our inability to monitor land cover changes in a consistent way over the long term
is a serious limitation in our capacity to understand the driving forces and processes
controlling these changes (Bounfour and Lambin 1999). The process of urbanization
has been characterized not only by population growth, but also by industrial expan-
sion, increasing economic and social activities and intensified use of land resources
(Karuga 1993). Furthermore, decision-makers are in constant need of current geospa-
tial information on patterns and trends in land cover changes. Therefore, regular and
up-to-date information on urban change is required for urban planning, land use man-
agement and appropriate allocation of services and infrastructure within the urban
areas (Barnsley and Barr 1996).

Remote sensing has the potential to provide accurate and timely geospatial infor-
mation describing changes in urban land cover (Alberti ez al. 2004, Xiao et al. 2000).
The importance of remote sensing was emphasized as a ‘unique view’ of the spatial
and temporal dynamics of the processes in urban growth and land use change (Batty
and Howes 2001, Herold ez al. 2003). Satellite remote-sensing techniques have, there-
fore, been widely used in detecting and monitoring land cover change at various scales
with useful results (e.g. Wilson et al. 2003, Mundia and Aniya 2005, Shalaby and
Tateishi 2007). Recently, remote sensing has been used in combination with geograph-
ical information systems (GIS) and global positioning systems (GPS) to assess land
cover change more effectively than by remote-sensing data only (Miiller and Zeller
2002). This combination has already been proven to be useful in mapping urban
areas and as a data source for the analysis and modelling of urban growth and land
use/land cover (LULC) change (e.g. Grey et al 2003, Herold et al 2003, Wilson
et al. 2003).

2. The study area

The study area extends approximately between latitudes 27° 03’ N and 27° 25’ N and
longitudes 33° 35 E and 33° 55 E on the Red Sea coast of Egypt (figure 1) and it
covers about 750 km”. Hurghada acts as a city and tourist centre on the Red Sea
coast of Egypt. It was founded in the early twentieth century, and since the 1980s it
has gone from a desert area and primitive fishing village to a thriving modern city.
It is the administrative capital of the Red Sea Governorate (RSG) and is served by
Hurghada international airport. The Hurghada area is composed mainly of three
administrative sectors: El-Gouna resort, Hurghada city and Sahl Hashish area, which
have experienced an extension of 60 km along the shoreline.

Hurghada city counts 860 971 inhabitants (Central Agency for Public Mobilization
and Statistics (CAPMAS) 2006) and is divided into three parts: downtown (ad-
Dahhar area), which is the oldest part; the harbour area (as-Sagqalah); and el-Ahhya
area which is the modern northern part of the city. EI-Gouna resort was constructed
in the middle of the 1990s about 20 km north of Hurghada city and spreads over an
area of 11 million m? and has about 11 km beach front (Saad 1999). It lies on the
alluvial fan of Wadi (Valley) Umm Dihays, over the old Graeco-Roman port called
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Figure 1. Location map of the study area.

Myos Hormos (Said 1999). In addition, Sahl Hashish area is a promising area for the
future expansion of Hurghada in the south.

Climatologically, Hurghada area is characterized by dry weather and clear and
warm water. The average humidity is about 54% in summer and 55% in winter.
The average temperature varies between 38°C and 23°C in summer and between
29°C and 7°C in winter (Mohamed 1999). Rainfall is scarce and sparse (5 mm to a
maximum of 25 mm per annum), but this rate does not reflect the real influence of
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running water on the coastal area, where occasional torrential floods take place and
contribute huge quantities of water and sediments to the near shore area (Moufaddal
2005).

3. Objectives

The main objectives of this study are the following: to use remotely sensed data and
GIS together with socio-economic data (1) to investigate the geomorphological, litho-
logical and structural features as physical factors influencing the urban expansion;
(2) to examine the scope and rate of urban expansion using change detection tech-
niques; (3) to detect the urban expansion directions and land use conversions that have
occurred in the Hurghada area; (4) to analyse the driving forces and factors influenc-
ing the urban expansion; (5) to examine the changes in the position of the coastline
linked to the urban expansion; and finally (6) to formulate a future view of Hurghada’s
urban expansion.

4. General considerations

Geomorphological, lithological and structural features have major contributions in
evaluating the locations and growth directions of urban areas and in potential site
suitability.

Geomorphologically, the study area can be broadly divided from east to west into
three geomorphological units: the coastal plain, the pediment and the mountainous
terrain. The coastal plain (where Hurghada city and tourist facilities are constructed)
is relatively wide and covered by Pleistocene reefal limestone, gravels and sands and
recent sediments. The pediment represents the interference zone between the coastal
plain and the mountainous terrain and forms an inclined plain. It has a good potential
for urban expansion of Hurghada in the future, but it should be under suitable man-
agement scenarios. Mountainous terrain is composed of Precambrian basement rocks
(igneous and metamorphic), which are northwesterly trending and highly dissected by
faults, dikes and drainage lines. It contains the second highest peak in Egypt, Gabal
(mountain) Shayeb al-Banat (42187 m), which offers a stark contrast to the coastal
plain at the edge of the Red Sea.

Lithologically, the study area is covered by Precambrian basement rocks and
Tertiary—Quaternary sedimentary rocks and sediments. The basement rocks include
metavolcanics, metagabbros, older granites, Dokhan volcanics, Hammamat sediments
and younger granites arranged from oldest to youngest (Egyptian Geological Survey
and Mining Authority (EGSMA) 2005). The sedimentary rocks range in age from
Miocene to Recent and form discontinuous exposures in the study area. They have
regional eastward dip with dip angles ranging from 35° near basement rocks contact
to nearly horizontal near the shoreline (Said 1990). These rocks are composed mainly
of argillaceous limestones, conglomerates, shale, mudstone and a considerable unit of
evaporites (Darwish and El-Azabi 1993).

Structurally, the syn-rift sedimentary rocks of the study area are located in the
southern part of the Gulf of Suez rift, which is controlled by normal faults and tilted
blocks (Colleta ez al. 1988). The fault pattern of this area consists of two major sets:
(1) the main Clysmic fault trend (N 40°-30° W) containing normal faults parallel
to the rift axis that were created during Neogene time in a pure extensional regime
(Colleta et al. 1988) and (2) transfer faults with NNE, WNW and ENE trends (Patton
et al. 1994). The two major sets are inherited from the pre-rift basement tectonics
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(Montenat ez al. 1988) and their reactivation and hard linkage produced a zigzag fault
pattern at the rift border and intra-rift system (Younes and McClay 2002).

From the viewpoint of seismic hazard, the study area lies in the southern part of the
Gulf of Suez, which is one of the most seismically active zones in Egypt (Hussein ef al.
2006). Hussein e al. (2006) added that the present area recorded an earthquake of
magnitude about 7.2 M on 31 March 1969 and a number of epicentres are clustered
under Shadwan Island to the northeast of Hurghada region.

5. Satellite images and reference data

The effectiveness of information on urban changes for planning and management
decision-making, particularly in developing countries, depends upon the availability
of useful data (Weber and Puissant 2003). To achieve the objectives of this study,
Landsat Thematic Mapper (Landsat 5 TM) data acquired on 14 August 1987,
Landsat Enhanced Thematic Mapper Plus (Landsat 7 ETM+) data acquired on
10 September 2000 and Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) data acquired on 27 November 2005 were selected as the basis
for image analysis and land cover classification. Data from the three images cover a
time period of 18 years. The TM-1987 data were used as the reference situation and
ASTER-2005 data were used as the up-to-date situation of the Hurghada area. The
datasets are cloud-free scenes acquired, relatively, during the late summer or early fall
time of the year.

Reference data for ground control points (GCPs) and accuracy assessment includ-
ing aerial photographs (scale 1:40 000), photomosaics (scale 1:50 000), topographic
maps (scale 1:50 000), a land use map (scale 1:15 000) and geologic maps at different
scales (1:500 000, 1:250 000, 1:100 000), as well as demographic data, were used in this
study. The data processing and manipulation were conducted using ENVI (V. 4.5, ITT
Visual Information Solutions Group (ITT VIS), formerly known as Research Systems
Inc. (RSI), Boulder, CO, USA) and ArcGIS (V. 9.3, Environmental Systems Research
Institute (ESRI), Redlands, CA, USA) softwares. In addition, two field surveys were
carried out in September 2004 and August 2006. During these surveys, ground control,
training and ground truth points were collected by using Magellan GPS-530.

6. Methodology

Digital change detection is the process of determining and/or describing changes in
land cover and land use properties based on co-registered multi-temporal remote-
sensing data (Shalaby and Tateishi 2007). The change detection methods were
presented and reviewed by Chen (2002). They are grouped into two main approaches:
(1) detecting binary change/no change information and (2) detecting the ‘from-to’
change map (Lu et al. 2004).

In the first approach, several procedures were developed, such as image differ-
encing, image ratioing, image overlay and principal component analysis (PCA). The
advantages of these procedures include the relatively rapid means of displaying areas
of change and being direct and straightforward (Moufaddal 2005). Disadvantages
include outlining the area of changes without giving any figures or estimates on the
type and volume of the change (Mundia and Aniya 2005). The second approach
includes the post-classification comparisons. This approach requires very good accu-
racy in the classification because the accuracy of the change map is the product of the
accuracies of the individual classifications (Singh 1989). The processing procedures
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which are adopted in this study are summarized in figure 2 and will be discussed in the
following sections.

6.1 Satellite image preprocessing

Among the various aspects of image preprocessing for land cover change detection,
there are two outstanding requirements: multi-temporal image registration and radio-
metric and atmospheric correction (Coppin and Bauer 1996, Lu et al. 2004, Paolini
et al. 2000).

6.1.1 Geometric correction. The major task of the image preprocessing is the geo-
metric registration (Ji et al. 2001). The importance of accurate spatial registration of
multi-temporal images is obvious because largely spurious results of change detection
will be produced if there is misregistration (Stow and Chen 2002).

In this study, Landsat 7 ETM+ data were co-registered to the topographic base
maps at a scale of 1:50 000 (i.e. image-to-map registration) using the Universal
Transverse Mercator (UTM) Projection Zone 36 North with a World Geodetic System
(WGS) 84 datum. Image-to-map registration was done using 25 GCPs at a root mean
square (RMS) error of less than 0.7 pixels. These points should be enough and well
distributed around the edges of the image to be corrected with a scattering of them
over the body of the image (Richards 1993). Landsat 5 TM and ASTER images were
co-registered to the corrected Landsat 7 ETM+ at RMS errors of ~0.3 pixels and
<0.4 pixels, respectively. The first-order polynomial transformation and the nearest
neighbour method of sampling were used to maintain the original pixel brightness
values and to resample the pixels at a spacing of 30 m in both directions. A digital
elevation model (DEM) of the study area with 20 x 20 m grid was used to evaluate
the registration process.

6.1.2 Radiometric and atmospheric corrections. Radiometric consistency among
ground targets in multi-temporal imagery is difficult to maintain due to changes in sen-
sor characteristics, atmospheric condition, solar angle and sensor view angle (Du et al.
2002, Chen et al. 2005). Therefore, radiometric corrections are often performed on
multi-temporal imagery to reduce any or all of the above influences and increase sen-
sitivity to landscape change (e.g. Chavez 1996, Song et al. 2001, Paolini et al. 2006,
Zhang et al. 2008). Since the launch of the first Landsat in 1972, numerous meth-
ods have been proposed to calibrate and normalize the satellite data (Olthof et al.
2005). These radiometric methods can be grouped into two major categories: absolute
correction and relative correction (Thome ez al. 1997, Song et al. 2001, Du et al. 2002).

The three datasets (Landsat TM, ETM+ and ASTER) that are used in this study
were converted from raw digital numbers (DNs) to at-sensor radiance using ENVI
image preprocessing utilities and based on their respective published calibration
parameters given in Chander et al. (2004, 2007) for Landsat 5 TM sensor, Irish (2000)
for Landsat 7 ETM+ sensor and Abrams and Hook (1998) for ASTER sensor.

In the absence of the detailed data on atmospheric conditions, a dark object sub-
traction (DOS) approach (Song et al. 2001) was used to convert at-sensor radiance to
surface reflectance, which involves the correction of effects caused by both solar angle
and atmosphere (Lu et al. 2002). DOS is perhaps the simplest yet most widely used
image-based absolute atmospheric correction approach for classification and change
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and Reflection Radiometer.
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detection applications (Song et al. 2001, Paolini et al. 2006). A group of pixels of
the deep sea water was chosen as a dark object in each spectral band of the three
datasets (Landsat TM, ETM+ and ASTER) of this study. Then, the representative
values of these pixels were subtracted from all the pixels of each corresponding band
in each scene.

To assure that the three images used in this study appear as if they were acquired
under the very same conditions, a relative radiometric normalization technique was
performed. Landsat 7 ETM+ image was used as a reference image to which the differ-
ent bands of the Landsat 5 TM and ASTER (bands 1, 2 and 3N) images were adjusted.
This image was selected because of its central location in the time series (Schroeder
et al. 20006). Twelve pseudo-invariant features (PIFs) were selected, seven over dark
sea water and the others over bright sands. Normalization was accomplished on a
band-by-band basis using these 12 PIFs. A linear relationship was assumed between
the different bands of the reference and target images across time over the 12 PIFs,
with coefficients of determination (R?) ranging between 0.91 and 0.98.

The final preprocessing step was a feature selection to reduce the size of the datasets
(Mather 1999). Accordingly, three subset scenes of 1111 by 1388 pixels covering the
study area were extracted from the full scenes.

6.2 Change detection approaches

6.2.1 Image differencing. Image differencing is the most widely used change detec-
tion technique (Moufaddal 2005). The process simply subtracts one digital image pixel
by pixel from another, to generate a third image composed of the numerical differences
between pairs of pixels (Sunar 1998, Dewidar 2002, Moufaddal 2005). The difference
in the areas of no change will be very small, and areas of change will reveal larger
positive or negative values (Lillesand and Kiefer 2000).

In this study, an image differencing routine was carried out using ENVI software
to extract a difference map representing the differences between the initial state and
final state images. Many tests were carried out on the different bands of the three
images (TM, ETM+ and ASTER) and these tests showed that difference maps of
band 7 of TM and band 3N of ASTER displayed the urban growth and shoreline
shifts (figure 3(a)). The resulting map is colour coded with 11 classes to indicate the
magnitude of the changes between the two images. Positive changes are displayed in
shades of red (c.g. landfill areas and coral reefs), while negative changes are displayed
in shades of blue (e.g. built-up, airport and man-made lakes).

6.2.2 Image ratioing. Image ratioing is a powerful technique for extracting spectral
information from multi-spectral imagery (Dewidar and Frihy 2003). When one spec-
tral band is divided by another, an image with relative intensities will be produced
(Environment for Visualizing Images (ENVI) 2004). Ratios for areas of no change
tend towards 1 and areas of change will have higher or lower ratio values (Lillesand
and Kiefer 2000). Dewidar (2002) successfully used the ratio of Landsat TM band 4
of 1984 and 1997 data to detect landfill along the coastline of the present study area
between 1984 and 1997.

In this study, the ratio of band 4 of TM and band 2 of ASTER gave the best results
and highlighted the changes in urban growth, vegetation and seagrass (figure 3(b)).
The resulting image was in greyscale but subjected to an ENVI colour scheme to show
the changes in the urban area over an 18-year period as a red colour (figure 3(0)).
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Figure 3. (a) Difference map between band 7 of Thematic Mapper (TM) and band 3N
of Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) of the
Hurghada area, () ratio image of band 4 of TM and band 2 of ASTER of the Hurghada
area, (c) overlay image of band 3 of TM and band 3N of ASTER of the Hurghada area and
(d) principal component (PC) image indicating the temporal changes of an 18-year period
(1987-2005).

6.2.3 Image overlay. Image overlay is the simplest way to produce a change detec-
tion map from comparison of a single band of data from two dates (Sunar 1998).
Moufaddal (2005) added that it is a straightforward way of comparing historical data
and provides a qualitative change between two dates. Lu et al. (2004) concluded that
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image overlay can be implemented by inserting one band from date 1 as red, the same
band from date 2 as green and the same band from date 3 as blue, if available.

In this investigation, the change images were produced by inserting the older band
in green and the younger one, which is to overlay it, in red according to Howarth and
Boasson (1983). Overlay trials of band 3 of TM and band 3N of ASTER highlighted
the urban growth and shoreline development (figure 3(c)). The changes in the urban
area appeared in a faint green colour and the landfilling along the shoreline in a violet
colour.

6.2.4 Multidate PCA. PCA has been proven to be of significant value in the analysis
of remotely sensed digital data (Jensen 1986). The transformation of the raw remotely
sensed data using PCA can result in principal component (PC) images that are often
more interpretable than the original data (Byrne ez al. 1980). PCA may be used to com-
press the information content of a number of bands of imagery (e.g. seven thematic
mapper bands) into just two or three transformed PC images (Jensen 1986).

In this study, the six non-thermal bands (1, 2, 3, 4, 5 and 7) of TM and ETM+
were gathered in a single file. In addition, six bands of ETM+ and three bands (1, 2
and 3N) of ASTER were gathered in a single file, as well as six bands of TM and
three bands of ASTER were gathered in a single file. Then each of the three produced
files was subjected to PCA to create a number of PCs. The visual inspection of the
PCA colour composites, which are produced from these components, indicated that
the composite containing the first three PCs was the most informative and produced
more colourful colour composite images than spectral colour composites. Dewidar
and Frihy (2003) mentioned that the first three PCs contain more than 95% of the
total variance. Therefore, a composite image is integrated from the first three PCs
(i.e. PC1 = red, PC2 = green and PC3 = blue) of the file containing temporal change
between two dates and highlight clearly the areas of urbanization in brownish yellow
colour in the study area (figure 3(d)).

6.2.5 Post-classification comparisons. The post-classification comparisons of
derived thematic maps go beyond simple change detection and attempt to quantify
the different types of change (Shalaby and Tateishi 2007). Computer-assisted clas-
sification of remote sensing data can be partitioned into two general approaches:
supervised and unsupervised. The supervised one only will be discussed here.
Lillesand and Kiefer (2000) summarized that the typical supervised classification has
three basic steps: (1) the training stage, (2) the classification stage and (3) the output
stage.

Depending on the prior knowledge of the study area, which was gathered
through a combination of reference data and ground data collected during fieldwork,
10 predefined cover classes were designed as basement rocks, Miocene rocks, sabkha
deposits (salt marshes), alluvial deposits, wadi (dry valley) deposits, green land (man-
groves, farmlands and golf courses), urban (built-up, tourist activities, roads, airport
runways), reef flat, coral reef and seawater. Three training classes files were generated,
one file for each date, where the aforementioned four change detection methods were
helpful to detect areas of change. The distribution of the sites of these training classes
throughout the image increases the chance that the training data will be representa-
tive of all variations in the cover classes presented in the image. Foody et al. (2006)
found that there is a positive relationship between the size of the training set and the
accuracy of the classification. In addition, the spectral separability of the training class
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pairs was examined by computing the Jeffries—Matusita (J-M) distance. The values of
the J-M distance range from 0.0 to 2.0, where values greater than 1.9 indicate that
training class pairs have good separability (Richards and Jia 1999). The spectral sepa-
rability between training class pairs of the images of years 1987, 2000 and 2005 ranged
between 1.2 and 2.0.

The three images of years 1987, 2000 and 2005 were subjected to the maximum
likelihood classifier independently using the training classes of each date. The early
attempts of the classification process of each image showed that a little confusion
occurs between some spectrally similar classes, for example, confusions between urban
area and other classes. Therefore, it was hypothesized that subdividing each multidate
dataset into two sections (land and water) and performing a maximum likelihood clas-
sifier on each section independently would resolve a major part of the confusion and
would improve the accuracy of the change maps. The two new sections were repro-
duced by employing a binary mask to the original multidate datasets. The first section
highlights the mainland area and islands and was given by masking the water area.
The second highlights the water area only and was given by masking the mainland and
offshore islands. Later, direct supervised classification using the maximum likelihood
classifier was performed independently on both sections and successful classes from
each attempt were edited and ultimately gathered by the GIS function in three collec-
tive change maps of the 1987 date, the 2000 date and the 2005 date, with satisfactory
accuracy.

6.3 Post-classification procedures

A post-classification treatment was performed using the 3 x 3 majority filter to
eliminate the isolated pixels in the three produced maps (Jensen et al. 1993). The clas-
sified maps were compared with the source images and some minor isolated pixels
were edited on screen, which does not affect the final accuracy of the resulted maps.
Then, accurate LULC maps of years 1987 (figure 4(a)), 2000 (figure 4(b)) and 2005
(figure 4(c)) were produced. In addition, an image of urban and built-up land was
extracted from these LULC maps (figure 4(d)).

The accuracy assessment was performed independently for the produced classifi-
cation maps of the years 1987, 2000 and 2005 with the aid of ancillary data and
visual interpretation. An accuracy assessment process was carried out using a strat-
ified random sampling design. This sampling design can be appropriate if the sample
size is large enough to ensure that all classes are adequately represented (Foody 2002).
Therefore, a proportional number of test points were randomly selected from each
classification map to assess classification accuracies. Then, a confusion matrix was
produced, from which the overall accuracy, user’s and producer’s accuracies and kappa
coefficient were computed for each LULC map (table 1(a)—(¢)).

For the 1987 LULC map, a total of 4599 pixels were randomly selected, which
were then checked with reference to topographic maps produced in 1989 at a scale
of 1:50 000 and the geologic map produced in 1987 at a scale of 1:250 000. The results
revealed an overall accuracy of 87.8% and a kappa coefficient of 0.85 (table 1(a)).
In terms of producer’s accuracy, all classes except alluvial deposits were over 73.3%,
while in terms of user’s accuracy, all classes were over 77.7%. For the 2000 LULC map,
a total of 5010 pixels were randomly selected, which were checked with the land use
map of the Hurghada area produced in 1999 at a scale of 1:15 000 and ficldwork data.
The result showed an overall accuracy of 88.9% and a kappa coefficient of 0.86 (table
1(b)). The alluvial deposits had the lowest value of producer’s accuracy, while the other
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Figure 4. Land use/land cover maps of the Hurghada area of years (a) 1987, (b) 2000 and
(¢) 2005, and (d) change detection map indicating the urban expansion and its spatial patterns
in the Hurghada area through an 18-year period (1987-2005).

classes exhibited accuracies over 82.6%. In terms of user’s accuracy, all classes were
over 80.9%. For the 2005 LULC map, a total of 5446 pixels were randomly selected,
which were validated by the geologic map produced in 2005 at a scale of 1:250 000
and field surveying, which was carried out during August 2006 with the assistance
of the GPS (Magellan 530). Table 1(c) shows the overall accuracy of 92.0% and the
kappa coefficient of 0.89. All classes had producer’s accuracies of over 75.6%, except
the alluvial deposits, while in terms of user’s accuracy, all classes are over 82.1%.
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The overall accuracies of the three produced maps (figure 4(a)—(c¢)) met the mini-
mum accuracy stipulated by Anderson et al. (1976) and Lins and Kleckner (1996).
Hence, the obtained accuracies were considered to be sufficiently accurate for use in
driving the change detection statistics.

7. Results and discussion
7.1 Land cover change and statistics

Change detection analysis is performed not only to detect changes that have occurred,
but also to identify the nature of those changes and to determine the areal extent and
spatial pattern of those changes (Macleod and Congalton 1998). Therefore, the main
advantage of the post-classification comparison approach is its capability of providing
descriptive information on the nature of changes that have occurred (Mundia and
Aniya 2005).

From the classification maps generated for the years 1987, 2000 and 2005
(figure 4(a)—(c)), the individual class area and change statistics are summarized in
table 2. In addition, the classes, areas and changed areas are graphically presented
in figure 5(a) and (b). Attention was paid to the urban and green land classes, because
they represent the main objective of this study. The urban/built-up areas covered
about 8.00 km? in the year 1987 and were increased to 28.60 km? in the year 2000
with an average rate of 1.60 km? year~'. The area was increased by a further 39.60
km? by the year 2005 with an average rate of 2.20 km? year~!. The Hurghada area
was expanded by 31.70 km? over the entire study period from 1987 to 2005, with an
average rate of 1.75 km? year~!. On the other hand, the green land expanded from
0.38 km? (in 1987) to 3.63 km? (in 2000) with an average rate of 0.25 km? year~! and
to 4.30 km? (in 2005) with an average rate of 0.14 km?> year—".

The LULC conversions were estimated and indicated that increase in the urban
area mainly comes from conversions of wadi deposits, sabkha deposits and alluvial
deposits to urban land uses during the 18-year period (1987-2005). Of the 31.70 km?
of growth in urban land use from 1987 to 2005, 70.80% was converted from wadi
deposits, 16.70% from sabkha deposits, 6.70% from alluvial deposits and 5.80% from
reef flat.

The relative change of urban area was determined and the annual urban growth
rate (AUGR) was calculated (table 3) according to the formula adopted by Xiao
et al. (2006):

(An+i - Al)

AUGR = ,
nA;

()

where 4, is the reference urban area; A, ; and A4; represent the urban area or built-
up area at time n + i and i, respectively; and # is the length of the calculating period
(in years).

Relatively, the Hurghada urban area increased ~400% from 1987 to 2005, where
the greatest increase that occurred from 1987 to 2000 was about 261%. The AUGR
was 20% from 1987 to 2000, 27.50% from 2000 to 2005 and 22.20% for the entire
period from 1987 to 2005 (table 3).
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Figure 5. (a) The land use areas of the 10 classes derived from the classified maps. Note that
each hatching represents a class in the studied 3 years (1987, 2000 and 2005) and () the land
use change areas in the studied three epoch time series (1987-2000, 2000-2005 and 1987-2005).

Table 3. Relative change and annual urban growth rate of the Hurghada area (1987-2005).

Period 1987-2000 (%0) 2000-2005 (%) 1987-2005 (%)
Relative change of urban area 261 138 400
Annual urban growth rate 20.0 27.6 22.2

7.2 The spatial patterns of urban expansion

In order to analyse the patterns and locations of urban land change, an image of urban
and built-up land was extracted from each LULC map (figure 4(a)—(¢)). The extracted
images were then overlaid onto the Landsat 5 TM (1987) image to obtain an urban
land change (expansion) image (figure 4(d)). From this urban expansion image, it can
be concluded that the urban region is largely broadened. The growth of the Hurghada
city has not taken place evenly in all directions but has occurred much faster in certain
directions. The Red Sea represents a natural constraint for expansion of the city in the
eastward direction. The city has tremendously expanded in the west and southwest
directions and parallel to the Red Sea coast (figure 4(d)).

Hurghada in 1987 was comprised essentially of two areas: ad-Dahhar area (old city)
and the Harbour area (as-Saqqalah) (figure 4(d)); from these two nuclei the city began
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to expand. In the first stage (1987-2000), the expansion model (Wilson ez al. 2003) or
urban fringe development (Heimlich and Anderson 2001) was the dominant model,
which was characterized by a non-developed pixel being converted to developed and
surrounded by no more than 40% of existing developed pixels (Wilson et al. 2003).
The city growth has occurred around the periphery of the ad-Dahhar and Harbour
areas (figure 4(d)) and along the main transportation routes (e.g. an-Nasr, as-Salam
and al-Kurnish roads), which connected the two main sectors of the city, resulting in
a nearly elongate city shape.

In the same time, according to the dramatic increase of the tourist and recreational
activities during the 1990s in the Hurghada area, the urban area expanded in a linear
fashion parallel to the Red Sea coast from the northernmost area (El-Gouna resort)
until the southernmost area (Sahl Hashish area) (figure 4(d)). It is obvious how the
pristine coastline of Hurghada area in 1987 transformed into a concrete strip of tourist
hotels and recreational facilities during the 18-year period until 2005.

In the second stage (2000-2005), as a result of the improvement of the infrastruc-
tures in Hurghada city, the infill growth was developed. The presence of facilities such
as sewers, water and roads assisted in developing areas of as-Salam and al-Hadabah
within the city, and some of the inner urban areas. In addition, El-Gouna resort,
El-Gouna’s farmlands, the new community of al-Ahhya area, Hurghada airport, the
sewage station and recycling factory are obvious examples of outlying or isolated
growth (Wilson et al. 2003) or development beyond the urban fringe (Heimlich and
Anderson 2001) (figure 4(d)).

7.3 Driving forces for the urban expansion

The urbanization rate of the Hurghada area has been rapid compared with other
Egyptian arcas. Therefore, the discussion of the factors that influenced this urban
expansion is very useful. Generally, urban expansion and subsequent landscape
changes are driven by geographical and socio-economical factors, such as population
growth, national policy and economic development or a combination of these factors
(Ji et al. 2001, Cheng and Masser 2003, Xiao et al. 2006). Some of these factors can
be discussed here as follows.

7.3.1 Urban population growth. Population growth is one of the major dominant
driving urbanization processes (Xiao et al. 2006). To examine and evaluate the rela-
tionship between the population growth and urban expansion of the Hurghada area,
the demographic data and urban development areas from 1980 to 2020 were surveyed
and are presented in table 4 and figure 6. In the monitoring period of this study from
1987 to 2005, the urban area has increased from ~8 to 39.6 km?, with a corresponding
increase in population from 23 010 to 82 050 (table 4). This reveals that the population
of the Hurghada area has grown from 1987 to 2005 by about 256.5%, while the amount
of urban development has extended by about 400%, that is, more than 1.5 times the
rate of population growth. This implies that the rate of urban development in the
Hurghada area has outstripped the rate of population growth. This can be explained
by uncontrolled extension of tourist activities together with the poor planning in the
area that led to the use of land for urbanization at a faster rate.

Figure 6 shows that the increase in urban area correlates strongly with population
growth in a linear form, with a high coefficient of determination (R?) of 0.97. This lin-
ear regression between urban and population growth offered a more robust prediction
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Table 4. Population and urban area of Hurghada city from 1980 to 2020.

Percentage growth in Urban area Percentage increase
Year Population* population (%) (km?) in urban area (%)

1980 12472 - 03.1% -

1987 23010 84.5 07.9 154.8
1990 25458 10.6 08.5% 07.6
2000 64 363 152.8 28.7 273.6
2005 82 050 27.5 39.6 37.9
2010 100 0007 21.9 48.48 22.2
2015 133 0007 33.0 57.18 17.9
2020 174 0001 30.8 66.08§ 15.6

Notes: *Population after CAPMAS (1980-2005).

tExpected population after GOPP (1993).

tAreas after El-Bana (2002).

§Areas calculated according to the average growth rate of this study.
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Figure 6. (a) Graphical representation of the growth of population and urban sites of
Hurghada area from 1980 to 2020 and (b) positive linear correlation between population growth
and urban expansion for Hurghada area.

of urban growth in the Hurghada area, that is, the area is in a constant state of transi-
tion. In addition, according to the national policy of the Egyptian authorities, which
encourages population shifting to the desert areas in order to overcome the overpopu-
lation problem in the Nile Valley strip, the General Organization for Physical Planning
(GOPP) (1993) expected that the population of the Hurghada area will be 174 000 by
the year 2020, with the population growth rate of about 112% of what it was in 2005
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(table 4). Clearly, this rapid urban population increase is a result of the increasing nat-
ural population and migration of people from different areas of Egypt to Hurghada
for job opportunities. El-Bana (2002) pointed out that the immigrants to Hurghada
area represented about 24% of the population in the year 1986 and about 49% in the
year 1996. Comprehensive planning is needed to cope with the increasing demand of
this population pressure and to manage the available resources efficiently.

7.3.2 Economic development. The coastlines along the Red Sea and the Gulf of
Aqaba are the focus points for one of the fastest growing tourism economies in the
world (Tourism Development Authority (TDA) 1998). This coastal tourism plays a
major role in Egyptian economic activities. Already, coastal-oriented tourism has cre-
ated significant communities at Sharm el Sheikh and Hurghada and the two cities
have grown to an extent that their beaches are occupied by several kilometres of
tourist and recreational activities. Moufaddal (2005) mentioned that resort develop-
ment and tourism activities along the coastline between Hurghada and Safaga has
expanded rapidly in the last 20 years. Undoubtedly, this growth in tourism activi-
ties will increase both the urban area and population in the study area. On the other
hand, the improvement of the infrastructure and road network also played an impor-
tant role in promoting the urban development. The road network in Hurghada area
has increased from 106 km in the year 1987 to 251 km in the year 2000 and to 262 km
in the year 2005.

7.3.3 Topographical and geological factors. Topography forms an important deter-
minant for site suitability and plays a role in the urban development directions.
The DEM and slope map of Hurghada city (figure 7(a)) were constructed to study
the effect of the physical setting on urban development in the Hurghada area. In the
vicinity of Hurghada city are small Tertiary faulted blocks, such as the northern and
southern plateaus, which generally orient NNW and NW, respectively (figure 7(b)).
Most of the city region has generally a gentle slope (0°-6°), except around the elevated
plateaus, where the slope reaches about 45°. The urban expansion of Hurghada city
tended to follow flat areas, especially in the centre (around ad-Dahhar area) and in the
south (around the Harbour area) of the city (figure 7(a) and (b)). This expansion was
constrained by the existence of the elevated plateaus (e.g. northern plateau) in the city
region. It is obvious that these hilly terrains significantly oriented the urban expansion
of the city in certain directions. In addition, the presence of many sharms and marinas
along the coastline played an important role in the linear expansion of Hurghada and
El-Gouna. The wide coastal plain in the Hurghada region will help the city to expand
westwardly in the future.

8. Coastline change due to urban coastal development

The urban coastal development commonly creates a number of changes and prob-
lems in the nearby shoreline due to the construction of harbours and tourist activities.
From the aforementioned discussion, it can be concluded that the coastline of
the Hurghada area has experienced considerable environmental stress from tourist
and residential activities and, unfortunately, these activities were developed rapidly,
uncontrolled and environmentally not planned.

Dredging and land infilling of the backshore and fringing reef arcas are considered
to be one of the most devastating activities on the coastal environment at Hurghada
area (Moufaddal 2005). Frihy er al (1996) pointed out that large amounts of fill
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Figure 7. (a) Digital elevation model (DEM) and (b) slope map of Hurghada city region.

material have been dumped in front most of the tourist activities when constructing
solid marinas or gaining a new seaward land. In addition, the excavation processes in
the coral reef flat for creating artificial swimming pools or water pathways led to great
damage (Dewidar 2002). These conditions led Wilson (1998) to say that the situation
in the northwestern part of the Red Sea coast becomes especially worrisome, where
the main environmental threats are coming from the booming of the tourism industry
and urban coastal development projects.

In this study, the processing of satellite data by image differencing and image overlay
techniques (figure 3(a) and (d)) shows the extra land which has been added to the sea
and how the landfill/sedimentation operations have changed the morphology of the
shoreline. The estimated landfilling along the coastline from El-Gouna resort at the
north of Hurghada to Sahl Hashish area at the south was 4.5 km? over the period of
study (1987-2005). The greatest increase that occurred from 1987 to 2000 was about
3.0 km? and the new land gained from 2000 to 2005 was 1.5 km?. This means that
most of the fringing reefs in the coastal zone have been replaced by a layer of imported
sand and other solid dumping materials (Moufaddal 2005). Vanderstraete ez al. (2006)
mentioned that a clear distinction between the natural and anthropogenic changes in
the coastline could not be made, but they attributed most of these changes to the urban
coastal development.

Itisimportant to mention that Dewidar (2002) estimated the landfilling in the vicinity
of Hurghada as 2.0 km? between 1984 and 1997 (table 5). Moufaddal (2005) calculated
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Table 5. Available published estimates of the coastline changes in Hurghada region.

Coastline changes (km?)

Period Remotely sensed

Study Interval  (years) data used Landfill Dredging Total

Dewidar (2002) 1984-1997 13 ™ 2.0 - 2.0

Moufaddal (2005) 1984-2000 16 T™M, ETM+ 3.6 2.9 6.5

Vanderstraete et al. (2006) 1987-2000 13 ™, ETM+ 4.0 2.0 6.0

This study 1987-2005 18 ™, ETM+, 4.5 - 4.5
ASTER

the total area subjected to landfilling and dredging in the coastal strip from north of
Hurghada to south of Safaga between 1984 and 2000 as 6.5 km?. Of this area, 3.6 km?
was used as landfill and 2.9 km? was used as the dredging area. Recently, Vanderstraete
et al. (2006) determined the areal extent of the coastline changes in the Hurghada area
between 1987 and 2000 as 6.0 km?. Of these changes, 4.0 km? was used as landfill
and 2.0 km? was used as the dredging area (table 5). The differences between our
results and the above results are largely attributed to difference in methodology and
the time period of study, as well as the extent of the studied areas along the Red Sea
coast. Importantly, far from these different estimates, the conclusion remained that
the dramatic urban expansion of Hurghada area led to major changes in the coastline
zone.

9. The future directions of Hurghada urban expansion

From the above expansion analysis and the forecasts that are currently available, it
seems that the urban expansion of Hurghada in the next years is an inevitable process.
Therefore, discussion on the amount, direction and location of this future expansion
is extremely valuable to urban planners, who can use this information to monitor the
impacts of this growth and to evaluate and modify the existing urban policies and
develop appropriate responses or strategies.

The future directions of Hurghada expansion are governed by some natural and
artificial constraints which compelled the physical form of the city. The natural
constraints include the Red Sea shoreline, the drainage network and topographical
features. The Red Sea shoreline restricts the city to eastward expansion, although it
can be a positive factor for the coastal urban growth. Hurghada city and its vicinity
were constructed at the mouths of some wadis (e.g. W. al-Faliq al-War and W. al-Faliq
al-Sahl), which emanate from the basement rocks at the west. The courses of the wadis
must be left clean to avoid damage from flash flooding, which occurs from time to time.

The artificial constraints include Hurghada airport and military areas. Hurghada
airport is considered to be a major constraint to urban growth of Hurghada in the
southwestward direction (figure 7). Its safety zone and the noise corridor of the air-
craft will be major problems in the future (Arafat et a/. 2007). On the other hand,
the military areas within Hurghada city represent a major constraint to inner urban
growth (figure 7). These areas represent about 35% of the total area of the city
(El-Bana 2002).

Indeed, the present unplanned Hurghada and its uncontrolled expansion during the
span of time indicate that deliberate planning is largely lacking and the general urban
principles encoded in various laws and government regulations have not been adhered
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to or enforced. Therefore, comprehensive planning is needed to anticipate and estimate
the future city growth.

GOPP (1993) presented a detailed report on Hurghada, which included two sce-
narios for the future land use planning of the Hurghada area until 2020 (figure 8).
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Figure 8. Proposed land use planning for the Hurghada area until 2020 (simplified after
General Organization for Physical Planning (GOPP) (1993) and Red Sea Governorate (RSG)
(2000)).
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Then, this land use planning was revised by RSG (2000). The report expected that the
Hurghada area will be about 57 km? and its population will be more than 174 000 by
the year 2020. But in accordance with the AUGR, which is estimated in this study (1.75
km? year~!), the Hurghada area will be around 66 km? in the year 2020. Consequently,
the local authorities are facing numerous challenges such as population pressure and
inadequate infrastructure and services. Therefore, regular monitoring and up-to-date
information about land uses form the basis for better planning and effective spatial
organization of urban activities for the future development of the Hurghada area.

10. Conclusions and recommendations

This study is considered to be an attempt to detect and evaluate urban land use
change in the Hurghada area by applying GIS and remote-sensing techniques.
Geomorphological, geological and structural characteristics are considered to be
important factors that have influenced the site suitability for urban expansion. The
integration of demographic data and the results of change detection techniques
showed that the Hurghada areca has changed significantly. The urban area has
increased 400% from 1987 to 2005, with the corresponding growth of population more
than 256.5%. In addition, it is noted that tourist activities, population growth and city
location were the principal factors driving the development of the urban area. Sadly,
the rapid growth of the Hurghada area has been accompanied by landfilling processes,
which are considered to be a major negative activity in the coastal zone, where 4.5 km?
of sediments have been added to the sea, significantly changing the morphology of the
shoreline and negatively affecting the ecosystem.

Urban fringe development and linear growth models are the dominant change
pattern over the period from 1987 to 2000, whereas the infill or inner urban growth and
isolated growth models are the dominant change pattern over the period from 2000 to
2005. This study emphasized that spatial information (i.e. GIS) and remotely sensed
data are particularly helpful in providing time-series information on urban landscape
evaluation and this, in turn, provide interesting supports for decision-making for
future planning and monitoring plans.

It is clear that the haphazard urban development in Hurghada area is the
responsibility of the local authorities, urban planners and managers. Therefore, they
are a part of both the problem and the solution. This study offers some recommen-
dations to be used as guidelines in the future planning for the urban expansion of
Hurghada area as follows.

* Accurate risk assessment maps for sites vulnerable to flash flooding and precau-
tionary measures should be made.

* Adequate subsurface investigation and geotechnical studies of the Miocene
evaporites unit are needed to assess the potential site suitability.

* Short-term and long-term planning are needed because they play an important
role in guiding appropriate development to the right place and in preventing
development which is not acceptable.

* Monitoring programmes for the urban area and shoreline changes must be
adopted by the relevant authorities.

* Preventing all shapes of landfill and dredging processes along the shoreline and
enforcement of the environmental laws and regulations.

e Careful planning for expansion over the faulted blocks and serious assessment
of the earthquake activities should be made.



Downloaded by [Samir Kamh] at 15:50 08 November 2011

Urban land cover change, Hurghada area, Egypt 65

* Reshaping the military areas within the city environs or relocating them outside
the city to encourage the inner urban expansion and to increase the density in
the centre. These areas already have the infrastructure facilities.
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