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Abstract. As many developing countries, Iranian and Egyptian cities are
growing in population and physically expanding at a high rate. The uncontrolled
scattered construction causes loss of orchards, agricultural lands as well as
spatial chaos, traffic congestion and increasing costs of municipal services. As a
consequence, this also induces a loss of identity and social characteristics of
neighborhoods, poor quality of life and degradation of natural landscapes, etc.
To face with these issues, it is important to quantify trend and the rate of land
cover conversion in order to support plan for a rational land use policy. The
main purpose of this research is to set up low cost and reliable tools useful for
the monitoring of the urban growth. In this paper, multi-temporal satellite data
(Landsat TM 1984, Landsat TM 1998 and L8 2016) have been analyzed for
investigating and assessing the effects of the urban expansion in Karaj (Iran) and
Luxor (Egypt). According to the results obtained from change detection anal-
ysis, both of the investigated sites clearly exhibit an increasing trend in urban
expansion much more evident in the case of Luxor than Karaj area. The inte-
gration between remote sensing and GIS and the joint use of analytical methods
for quantitative-qualitative assessment enable the identification of changes and
the mapping of new planned and unplanned urban construction. The availability
of timely information free available from NASA web site and the data pro-
cessing herein adopted provide useful information for supporting planning and
sustainable developing policies.

Keywords: Urban distribution � Land use changes � Urban growth �
Karaj (Iran) � Luxor (Egypt)
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1 Introduction

The urbanization is recognized as one of the most irreversible human impacts on
environment causing loss of soil, altering hydrological and biogeochemical cycles,
modifying energy demand, changing precipitation patterns at scales of hundreds of
square kilometers [1] therefore, altering the climate. Moreover, unplanned human
settlement consumes land at an alarming rate, fragments habitats reduces biodiversity
and produces unsustainable and unlivable city with the lack of open space and arterial
grids. This poses serious threats to high-value of urban ecosystems and makes the need
for sustainable urban planning and monitoring an urgent priority [2–4]. As in other
parts of the world, also in Iran and Egypt, the rapid development of urbanization has
been causing critical environmental problems in different areas.

Actually, in Egypt uninhabited lands represent about 95% of the total area. How-
ever, the majority of the population is concentrated around the Nile River. This
unbalanced distribution causes serious social and economic problems. In particular, the
current fast growing of Luxor region is expected to further increase over the next
twenty years with at least a doubling in population. The recent completion of a Luxor
Bridge and the nearby expansion of a port for the cruise at the south of Luxor City, will
favor informal, unplanned development in the southern part of the area. Unplanned
urban sprawl will result in negative consequences for the future prosperity of the whole
area that is actually one of the biggest and most famous tourist attractions also due to
the discovery of the Tutankhamen tomb in 1922. Timely actions to stem this unde-
sirable growth are essential. To this aim, some authors as [5] suggest that a new
attractive town can become a magnet for a new planned development in the Luxor
region.

Similar critical situations are also present in Iran, as for example in Karaj metro-
polis whose periphery is involved in an extensive urban expansion and needs to face
the relative critical challenges as currently occurring for the whole national territory [6].
This is due to interrelate economic, social and political factors, which induce diffuse
changes in lifestyles and drive the evolution of the city so that urban suburbs moved
into rural lands involving the conversion of open space into built-up areas.

This current situation and the expected future scenarios impose the need of plan-
ning and monitoring. To this aim, the availability of reliable information on the past
and current conditions is a critical point for defining and planning potential future
scenarios. In this context, satellite data (today also available free of charge) can provide
both (i) historical time-series data set and (ii) timely updated information related to the
current urban spatial structure and city edges as well as parameters to assess urban
effects.
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The main purpose of this research is the use of satellite Landsat data for the
assessment of urban distribution in both Karaj and Luxor city, respectively in Iran and
Egypt, as a comparative analysis. The study is addressed to the investigation of urban
growth pattern process for the detection and analysis of changes in urban areas at Karaj
and Luxor occurred over the same time period spanning from 1984 to 2016.

2 Study Area

Luxor city is located 600 km (DMS Long 32° 38′ 22.6932″ E, DMS Lat 25° 41′
14.0748″ N) south of Cairo on the west and east bank of the River Nile [7]. On the
Nile‘s west bank, across from Luxor, is Thebes, the capital of Egypt from around 2000
to 1075 B.C.E. (Middle and New Kingdoms). The area is one of richest in antiquity
treasures and attractive, but today threatened by urban sprawl and many parts of the
Luxor city is lacking infrastructure (Fig. 1).

Karaj is capital of Alborz province in Iran, spanning between latitudes 35° 67′–36°
14 ′N and longitudes 50° 56′–51° 42 ′E and covers a total area of about 141 km2. [8].
Over the last three decades, Karaj has been experiencing a significantly growing mostly
due to its socioeconomic attractions. Past developments and current challenges have led
to some instability in various aspects of environmental, socio-cultural, political-
security, economic, spatial and etc. [9] (Fig. 2).

Fig. 1. Study area of Luxor city, Egypt
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3 Material and Methodology

3.1 Materials

For both of the two study areas, multi-temporal data sets of Landsat TM 1984, 1998
and L8 2016 images were collected free of charge from the USGS and GLCF web sites.
Image processing was done using tools available in Arc GIS 10.3 and Envi 5.1 soft-
ware. The analyses were addressed to detect the changes occurred in the urban areas
based on the comparison of the outputs obtained from the classification and geospatial
analysis of the past and present data (Table 1).

Fig. 2. Study area of Karaj city, Iran [10]

Table 1. Data collection properties of the study areas (Luxor and Karaj).

Satellite Sensor Resolution (M) Acquisition date

Landsat TM 30 m Sep 1984
Landsat TM 30 m Oct 1998
Landsat L8 30 m Sep 2016
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3.2 Methodology

The selected images were geometrically and atmospherically corrected, in order to remove
the effect of the atmosphere and make the images of 1984, 1998 and 2016 comparable. To
this aim, the dark object subtraction was applied. After the pre-processing, the change
detection was made by comparing the results from the classification.

Classification enables the clusterization of similar targets on the basis of the
measured reflection values which depend on the local characteristics of the earth sur-
face. In other words, there is a relationship between land cover and measured reflection
values using several spectral bands (multi-spectral classification). Land cover types
were identified on the basis of their spectral properties, classified and mapped for each
study area and each time data set using both unsupervised, supervised classifications,
and post supervised classification in order to capture the statistical patterns of the urban
distribution.

Unsupervised Classification of Images
Normally there are two types of the algorithm (K-means and ISODATA) to perform the
unsupervised classification [11]. In unsupervised classification method, clustering is
obtained according to the number of classes required and the digital number exhibited
by the processed pixels. Result from un-supervised classified is useful adopted as a
reference/preliminary step for understanding the distribution of pixel values. In this
research the ISODATA unsupervised classification was used for extracting the urban
layer and carry on a preliminary analysis of the statistical distribution pattern.

Supervised Classification of Images
The classification of multi-temporal data set can inform us about the changes occurred
over time i.e. quantify the area Involved in land cover change as for example variation
from vegetation cover to urban. In supervised classification method, There are different
image algorithms such as Parallelepiped, Minimum Distance, Maximum Likelihood,
Binary Encoding, etc. [12, 13]. The categorization is done using the training sets
(signatures) provided by the user on the basis of field knowledge. In this research,
Maximum Likelihood Classification was applied to the spectral bands of each date.

Post Classification of Images
The accuracy of supervised image classification is a function of the consistency
between the algorithms and input data [14]. The overall accuracy and Kappa coefficient
was calculated for each study area on the basis of the Confusion Matrix (Table 2)
which generates random subset of the training sets. The accuracy is generally quite
high due to the fact that having an excellent knowledge of the both study areas we can
provide reliable training sets related both to urban cover and other areas.

Table 2. Kappa coefficient of ROIs for each period

Year Luxor Karaj
Kappa coefficient Overall accuracy Kappa coefficient Overall accuracy

1984 0.9974 99.8387% 0.9909 99.4142%
1998 0.9967 99.7976% 0.9938 99.5652%
2016 0.9925 99.5290% 0.9949 99.6606%
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Getis-Ord and Hot Spot for Analyzing Spatial Distribution
Spatial autocorrelation in GIS helps understand the degree to which one object is
similar to other nearby objects [15]. The process of urban growth associated with the
study areas of Karaj and Luxor has analyzed also using spatial autocorrelation analysis
to assess the spatial pattern of urban land use [16, 17]. Data derived from satellite
images (using ENVI software) have been further processed and analyzed by using
Getis-Ord (General G) statistic (in ArcGIS) to assess the degree of clustering by the
identification of both “hot spots” and “cold spots“. Getis-Ord Gi* statistic is denoted as
Eq. 1 [18–22]:

Getis� OrdG�
i ¼

Pn
j¼1 wijxj � �X

Pn
j¼1 wij

S

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

n
Pn

j¼1
w2
ij �

Pn

j¼1
wij

� �h

n� 1

s ð1Þ

In formula 1, Xj represents the value of attributes to features J. Wij is spatial weight
between i and j features and (n) is the number of features: Gi is kind of Z score, so no
more calculations are required (Table 3).

NDVI Index
The Normalized Difference Vegetation Index (NDVI) is a numerical indicator that uses
the red and near-infrared bands of the electromagnetic spectrum [23] and is one of the
most commonly used vegetation index [24]. The NDVI algorithm subtracts the red
reflectance values from the near-infrared and divides it by the sum of near-infrared and
red bands, as in Eq. 2.

NDVI ¼ NIR� REDð Þ= NIRþREDð Þ½ � ð2Þ

4 Results

In this study, satellite images, free downloaded from the NASA web site, have been
analyzed in order to detect and quantify urban expansion from 1984 to 2016 in Luxor
(Egypt) and Karaj (Iran) area both involved in a rapid urbanization process. The changes

Table 3. Classification of Z-Score and P-value in analysing of spatial patterns

Z-Score p-value Type of spatial distribution

<−2.58 0.01 High-Clusters
−2.58 – 1.96 0.05 –

−1.96 – 1.65 0.10 Low-Clusters
−1.65 – 1.65 – Random
1.65 – 1.96 0.10 Low-Clusters
1.96 – 2.58 0.05 –

>2.58 0.01 High-Clusters
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have been captured by the differences revealed from supervised classification applied to
the scenes acquired at different times for both Luxor and Karaj area. The results obtained
from the classification images of the three dates are used to calculate the area of change
related to different land covers. In particular, the analysis of Landsat TM and L8 imagery
in Luxor revealed that the urban area increased about 955 km2 from 1984 to 1998; about
2.739 km2 from 1998 to 2016. In another hand, the urban area in Karaj increased about
13.695 km2 from 1984 to 1998, and about 5.56 km2 from 1998 to 2016. (Table 4)
(Figs. 3 and 4). As a whole, over time between (1984 to 2016), the urban area clearly
increased for both of the two investigated areas (Figs. 5 and 6).

Table 4. Total changes in the urban area by Km2 in (Luxor and Karaj).

Study
area

1984-9 Change detection
(±Km2)

1998-10 Change detection
(±Km2)

2016-9

Luxor 10.873 km2 .955 km2 11.828 km2 2.739 km2 14.567 km2

Karaj 43.420 km2 13.695 km2 57.115 km2 5.56 km2 62.675 km2

Fig. 3. Supervised classification in study area of Luxor between (1984 to 2016)

Fig. 4. Supervised classification in the study area of Karaj between (1984 to 2016)
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The identified changes have been further analyzed by geospatial investigation made
on the NDVI maps computed for the same data set as for the classifications [25, 26].
For calculating the pattern of spatial distribution in urban areas the High/Low Clus-
tering tool was used. Z-Score calculation highlighted the areas with high or low values

1984 (km2) 1998 (km2) 2016 (km2)
Karaj (Iran) 43.42 57.12 62.68
Luxor (Egypt) 10.87 11.83 14.57

0.00
10.00
20.00
30.00
40.00
50.00
60.00
70.00
80.00
90.00

Km
2

Change detection rate graph in Urban area by Km2

Fig. 5. Graph of the total changes in the urban areas in study area of Karaj and Luxor between
(1984 to 2016)

Fig. 6. Total changes in the urban Layers in study area of Luxor and Karaj between (1984 to
2016)
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that are clustered accordingly. The General G in the first period Luxor city at 1984
(Fig. 7) is 0.000258 and statistic Z is approximate −0.293. However, the statistics for
the 2nd period 1998 (Fig. 8) is 0.000054 and statistic Z is approximate −1.480.
Although the intensity of this concentration is reduced, the changes are minimal.
Finally, in the 2016 year (Fig. 9) the G statistic is 0.000040 and Z-Score is −0.0843. In
all periods the Z-Score value is negative, this means that low values cluster together.
On the other hand, in the case study of Karaj, results show that in the first year 1984
(Fig. 10), the General G is 0.000024 and statistic Z is approximate −1.628. Also,
statistics for the 2nd period 1998 (Fig. 11) is 0.000067 and statistic Z is −0.907.
Finally, in the 2016 year, the G statistic is 0.000006 and Z-Score are −2.729 (Fig. 12).

Fig. 7. Spatial Autocorrelation changes in urban clusters in the study area of Luxor in 1984

Fig. 8. Spatial Autocorrelation changes in urban clusters in the study area of Luxor in 1998
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Fig. 9. Spatial Autocorrelation changes in urban clusters in the study area of Luxor in 2016

Fig. 10. Spatial Autocorrelation changes in urban clusters in the study area of Karaj in 1984

Fig. 11. Spatial Autocorrelation changes in urban clusters in the study area of Karaj in 1998
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NDVI analysis was taking place in both of the study areas in order to measure the
effects of urban sprawling in the vegetated areas [27]. In Luxor area, the NDVI value
highlighted and identified that the change in the vegetation value from 1984 to 2016
was enormous [28]. These effects are very clear in the agricultural land around the
urban area in 2016. For Karaj area in the study made during the same period as for
Luxor, vegetated areas were “invaded” by urban but less than in Luxor area (Figs. 13
and 14).

Fig. 12. Spatial Autocorrelation changes in urban clusters in the study area of Karaj in 2016

Fig. 13. Changes in vegetation index of NDVI in study area of Luxor
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5 Discussions

In this research, Maximum Likelihood Classification was used along with geospatial
analysis in order to capture the change from 1984 to 2016 in urban areas and char-
acterize their statistical patterns. Two study areas were selected for a comparative
investigation, one located in Egypt (Luxor) and one located in Iran (Karaj). The Luxor
area is one of richest in antiquity treasures and attractive, but unfortunately, today
threatened by urban sprawl and many parts of the Luxor city is lacking infrastructure
[29, 30]. Karaj is the capital of Alborz Province in Iran. Over the last three decades,
Karaj has been experiencing a significantly growing mostly due to its socioeconomic
attractions [10]. Past developments and current challenge have led to some instability in
various aspects of environmental, socio-cultural, political-security, economic, spatial
and etc.

Changes in the urban areas for both of the investigated sites have been conducted
using supervised and unsupervised classification applied to multi-temporal data. In
particular; the ISODATA unsupervised classification was used for extracting the urban
layer and carry on a preliminary analysis of the statistical distribution patterns. Suc-
cessively the supervised classification technique, based on maximum Likelihood
algorithm, has been used to improve the results from the unsupervised classification.
The final categorization has been done using the training sets (signatures) obtained on
the basis of authors’ field knowledge. The overall accuracy and Kappa coefficient were
calculated to assess the reliability of the classification results.

Results, higher than 99%, were obtained for both Luxor and Karaj. For each study
area, the maps of changes were obtained by comparison (subtraction) of the multi-date
supervised classification. The change detection analysis revealed that, over time
between (1984 to 2016), the urban area clearly increased for both of the two

Fig. 14. Changes in vegetation index of NDVI in study area of Karaj
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investigated areas (see Figs. 5 and 6). To better characterize these changes captured
from the comparison of multi-date and multi-spectral classification we focalized on the
multi-temporal pattern variation of NDVI maps. The high clustered pattern in the urban
area in Luxor was related by the high numbers of Temples like Medinet Habu,
Ramesseum temple, Set I, Hatshepsut temple, and the Valley of the Kings. Many of the
people there are depended on the tourism activities, so they prefer to live near to the
historical places. In the fact to prevent further urban sprawl and the deleterious effects
of unplanned development on the cultural heritage as well as on the population’s living
conditions, new opportunities for the citizens of the region should be favoured and
created also working at the development of the plan for the City of Luxor.

On another hand, also the study area of Karaj has shown similar trends. Its physical
development is one of the main critical challenges and caused the loss of orchards and
agricultural lands, low level quality in some parts of suburbs and increased the cost of
municipal services. Other problems include the scattered construction, traffic conges-
tion, loss of identity and social characteristics of neighborhoods, pollution, loss of
natural landscapes, poor quality of life and etc.

NDVI index was used to capture the urban vegetation health, both in urban and
non-urban areas because degradation of ecosystem vegetation, or a decrease in green,
would be reflected in a decrease in NDVI value. Generally, we can see that the loss of
vegetation caused by the urban sprawl in Luxor area is quite high with negative effects,
but these effects were less in the area of Karaj which appears in the results of NDVI
maps. These effects in Luxor area are a result of population growth in the urban area
which included many of archaeological temples. The effects of urban sprawling in
Karaj seem to have been a positive phenomenon unlike Luxor area as evident by the
development of the trees and parks around the transportation networks.

6 Conclusion

The paper aims to set up low cost and reliable tools useful for the monitoring of the
urban growth using multi-temporal satellite data. In this paper, multi-temporal satellite
data (Landsat TM 1984, Landsat TM 1998 and L8 2016) have been analyzed for
investigating and assessing the effects of the urban expansion in Karaj (Iran) and Luxor
(Egypt). According to the results obtained from the multi-spectral and multi-temporal
classifications of all the analyzed periods (shown Figs. 3 to 6); both of the investigated
areas clearly exhibited an increasing trend in urban expansion actually much more
evident in the case of Luxor than Karaj area.

In Luxor, land uses in the north and west regions had a high clustered pattern in the
urban layer, but the majority of the areas are characterized by random pattern between
1984 to 2016. Another high clustered area was located at south side of Luxor, but from
1998 to 2016 this clusterization appeared lower.

In the case of Karaj; results showed that in 1984, urban had high clustered areas at
the north side of the city, whereas other areas did not show a significant pattern but
appeared quite randomly distributed. According to the NDVI index, the vegetation
value decreased in both of the two areas from 1984 to 2016 because of urban growth,
but different behaviors were observed for the two sites. In the Luxor area most of the
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“vegetated pixels” were related to agricultural activities. Whereas, in the study area of
Karaj most of the “vegetated pixels” were parks and trees around the roads. It means
that the urban growth in Karaj has had positive effects unlike in Luxor.

There is a need to suggest areas for further studies. Firstly, it is aimed to develop a
research study on the effectiveness of image classification techniques in urban sprawl
analysis and modeling. Secondly, it is aimed to gather the satellite data from Sentinel 2
with additional improvement.
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