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ABSTRACT 
This paper aims to analyze urban growth and land use in the area of Greater Cairo, Egypt. The objective is to understand the 

changes of urban land cover areas using remote sensing techniques, starting with the acquisition of two satellite images for the 

analysis of the produced maps. The selected images were produced with a difference of 25 years between them, allowing a 

comparison of the land changes within the given area, along with the advantages and limitations that satellite imagery is able to 

provide. The introduction of this paper aims to briefly describe several characteristics of urban growth in the megacity of Greater 

Cairo, furthermore to identify the problem caused by its ‘Informal Settlements’ and its loss of agricultural land. It will also explain 

the objective of this report, and subsequently present several precedent studies. The methods shall partly define how the satellite 

images were acquired, pre-processed, transformed, classified and moreover, the process of its accuracy assessment. In the results, 

the parameters discussed are: the changes in city land use, the loss of agricultural land and the transformation from desert to 

urban area over the last 25 years. Maps of land use changes and other examples are discussed. This paper concludes over several 

points of discussion: how satellite imagery was helpful in providing answers to the challenges of the urban growth of this 

particular city, the discussion of the implications about the land cover changes, and, the discussions of the limitations of the 

methods presented. 
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INTRODUCTION 

 
Cairo is one of the fastest growing megacities in the world. According to Euromonitor International, in 

2017 the city will increase its population by 500,000 inhabitants, reaching the higher growth by population in 
the world [1]. Cairo informal settlements are not only invading the surrounding desert but also affecting the Nile 
River causing the loss of extensive agricultural areas [2]. Its illegal settlements are not only invading the 
surrounding desert, but also polluting its main river, therefore causing the loss of extensive agricultural areas. 
Cairo sits on the East side of the Nile River with Giza on the West bank. The population of Cairo and its 
surrounding cities, or Greater Cairo to be precise, is estimated to constitute approximately of twenty million 
inhabitants [3]. The city area is 1709 km2 with a density of 10.400 inhabitants/km2 [4] Since the industrialization 
process in the 1950’s and 1960’s, migrants from the countryside moved to Cairo in order to seek better 
opportunities. The Figure. 1 represents the population changes within the city of Cairo and Giza during the 
period prior to this study. 
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Fig. 1: Population change in Greater Cairo area, (Cox, Wendel, 2012) [4] 
 
Extensive research shows that the formal construction market is incapable of satisfying the rising demand 

for housing the poor migrating to cities like Cairo [5] - [8]. Subsequently, when people are unable to buy or rent 
a dwelling from the formal real estate market, they invade land before any formal development occurs, and/or 
incorporation of services establishes itself. [9], [10]. Due to financial restrictions, people in those urban areas 
tend to build a simple shack, with the intention of improving it over time. Furthermore, when a community has 
established itself, it is difficult for the government to ‘bulldoze’ the place that has now been occupied by those 
settlers in question. Instead, some governments, such as the Egyptian government, may help the community in 
question by building the necessary services. 

How to describe patterns of soil use in the urban areas is an important question that has attracted the 
attention of researchers and scientists interested in urban growth [11]. There are many studies related to the 
study of urban land change using remote sensing techniques, [12], [13]. The traditional approach to addressing 
this question has been based on adopting a classification scheme [14], [15]. Land classification in areas 
developed by the informal building market is not easy but nowadays remotely sensed data has become 
increasingly used in urban studies and this approach has not significantly deviated from its classical origins, 
[11].  There are many research papers where satellite images have been used to describe the land cover in urban 
areas of Cairo and other cities in developing countries. Some examples are: [16] - [18]. Remote sensing has 
been used for monitoring urban explosion, [19], research urban explosion in China [20], in Nigeria [21], there 
are many publications in the area. In the case of arid areas Yagoub, (2004), monitored the urban growth of the 
desert city of Al Ain [22].  Mapping urban sprawl in the case of Cairo is important helping to analyze and the 
relationship between the Nile river and its surrounding urban areas, agricultural land and desert. [23].  The 
subject of land cover in Cairo was also analyzed in a paper by Hererer, 2006. [24]. Stewart et al, (2004), did a 
study examining the growth in Cairo's urban area and population changes between 1986 and 1996 [25]. 
Megahed et al, (2015) contributed with a model for land cover use changes in Cairo, [26].   

 
Objectives: 

The study investigates how the city of Cairo has grown over time, by making use of two aerial photographs. 
Given the fact that the skies in Cairo are usually clear and free of clouds due to its desert climate, the explosive 
urban growth of Cairo and its surrounding areas is an auspicious candidate for a pilot remote sensing project. 
Due to the usual absence of preliminary urban design plans in the development of informal settlements, the use 
of satellite imagery is the easiest and most practical way in understanding the land use change patterns within 
places like Greater Cairo. Monitoring of new construction works are important in this city, given some of the 
newer buildings and particularly informal settlements are threatening Heritage Cultural Sites such as the Giza 
Pyramids. Most of the growth in Cairo has traditionally occurred through informal settlements [27] - [29].    The 
growth of Cairo and the surrounding areas has been quite strong since the 1950’s. 

Additionally, new illegal constructions are eliminating rich agricultural land in a country mostly occupied 
by desert. The urban growth of Cairo has been transforming areas covered by vegetation and desert to urban 
ones, [30]. It is then, important for the federal government, the local governments, urban planners and 
researchers to understand the magnitude of the land cover changes. As explained, due to the fast growth of 
Cairo’s informal settlements and their absence from city maps, the use of satellite imagery is a quintessential 
tool to understand this phenomenon. 
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MATERIALS AND METHODS 
 
In order to comprehend the changes in land use of greater Cairo, two images were selected and the 

following tasks were performed: study area definition, image acquisition, image pre-processing, supervised 
classification, land cover change detection, and an accuracy assessment. Fig. 2 illustrate the process 

 

• GLOVIS, USGS 
• June 1990 
• June 2015 

NDVI 
NDBI

Land Use Classification

Class 1 Water

Class 2 Vegetation

Class 3 Desert

Class 4 Urban

200 RP in 2015

Error (Confusion) 
Matrix

83,5% 

 
   

Fig. 2: Diagram of the process used for the image comparison. 
 

Image instructions and pre-processing:  
The main idea of image acquisition and pre-processing procedure is to find two or more images of the city 

of Cairo and compare the urban growth and land use change in Cairo and its vicinity. After studying the changes 
in the urban geography of Cairo, it was decided to use one satellite image from June 1990 acquired by the 
satellite Landsat 5, and one image by Landsat 8 from June 2015; the exact day the images were taken was not 
specified. Landsat images were acquired from the Landsat Archive that is available through the USGS EE 
webpage. For this study only part of a full image, which includes Cairo and its surrounding area was chosen for 
every year mentioned. The images are very clear and without interference of cloud presence. Both images are 
from the same month to maintain consistency of features such as water level and vegetation. Table 1 shows the 
characteristics of the chosen images: 

 
Table 1: Image specifications 

  Date Satellite Resolution Bands used 
Image 1 1990/June Landsat 5 30 m  1-2-3-4-5-7 
Image 2 2015/June Landsat 8 80 m 1-2-3-4-5-7  

 
Figures 3 and 4 show the original satellite images. The desert climate of Egypt and the clear sky of the area 

during the summer represents an advantage when working with satellite imagery. 
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Fig. 3 and 4: Landsat 5 image of Cairo area in June 1990 on the left and Landsat 8 image in June 2015 on the 

right. 
 

Image Transformation: 
A multiband method was used in order to classify the feature of the classes by making use of different 

bands, where certain features can be extracted. Using satellite bands indicated in Table 1, we calculated the 
Normalized Difference Vegetation Index (NDVI), which highlights vegetation, and the Normalized Difference 
Building Index (NDBI), which highlights building. The formulas that were used are as follows: 

 
NDVI =   (NIR– VIS)                                       NDBI =  (SWIR– NIR)                        

         (NIR+VIS)                                                       (SWIR+NIR)               
 

Imagine Classification: 
Supervised classification was used to identify features by manually creating training sets. In order to 

proceed with the land use classification, four different classes were selected as explained in Table 2. As there 
are no forests in Cairo due to the desert climate, agriculture and other type of vegetation were considered as one 
class.  
 
Table 2: Land use classes 

Land Use Classification 
Class 1 Water 
Class 2 Vegetation 
Class 3 Desert 
Class 4 Urban 

 
A total of 40 training samples for each one of the classes containing water, vegetation, desert and urban 

areas were selected using Quantum GIS software. For each one of the samples approximately 8 pixels were 
included. The chosen qualification method of the pixels was the hard method, in which all pixels are assumed to 
be part of the same class. Then, all the bands were stacked, including NDVI and NDBI, and the second order 
statistics produced as well as the model for our study area. The final production was: two maps, one from June 
1990, and another from June 2015, representative of the four main classes; and a map of changes between these 
two years. The urban features are classified as red, vegetation as green, desert as yellow, and water as blue, 
where a key has also been integrated in the maps to portray said information.  
 
Accuracy Assessment: 

An accuracy assessment was conducted after the aggregation of classes. Our assessment overlaid 200 
random points onto the classified image of 2015 and then compared these to the reference image.  The reference 
used was the world map provided in ArcMap 10. The output of our accuracy assessment was an “Error 
Confusion Matrix”. The diagonal of the Error Matrix represents the random points that were correctly identified 
by the reference image as the same class in the classified image. Pixel values listed outside of the diagonal are 
misclassified pixels between the reference and classified images. These statistics break down class accuracy by 
“producer and user accuracy”, the former representing the percent of points accurately classified in the reference 
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image, and the latter indicating the reliability of the classified data to actually represent the same feature class in 
real life.  Overall, the accuracy of classification was 83.5% for this study, (Table 3). 

 
Table 3: Error Confusion Matrix for the 2015 map  

  REF           
MAP 1 2 3 4   USER 
1 19 16   3 38 50,0% 
2   59   1 60 98,3% 
3     48 2 50 96,0% 
4   7 4 41 52 78,8% 
  19 82 52 47 200   
PRODUCER 100,0% 72,0% 92,3% 87,2%   83,5% 

 
Figures 5 and 6 are the land cover maps from 1990 and 2015 respectively, they represent how much the city 

of Cairo has grown over these past twenty-five years. In the 1990’s cover map, the area east of the Nile around 
Giza and neighborhood regions, displays huge proportions of (mostly) agricultural zones that have changed to 
address urban demand. Agriculture has moved to other areas in the periphery of the city; areas that were once 
desert land in 1990, changed into agricultural practice. In the North-West area of the map, there is part of the 
Nile Delta, the “breadbasket” of Egypt, where the main urban concentrations in said area are ever growing, and 
there are new towns around said region. In the South-East, we can denote small urban areas scattered all along 
the three main routes from Cairo towards the East (in direction to the Red sea) and by the year 2015, the 
dominion of urban expansion overtook the said section of the desert. Finally, it can be observed that in the 
North-East section of the 1990 cover map, there are classification errors that will be explained later. However, it 
is clear that a change from desert areas to vegetation footprint has taken place. 

 

Fig. 5 and 6: Land cover maps of Cairo in 1990 and in 2015. 
 
Although our study area does not represent the entire map of “Greater Cairo”, it can be noted how the city’s 

urban takeover of the land before itself has widened in all directions possible. The representations of said 
growth in Figure 6, the 2015 map of Cairo, echoes itself further from the boundaries it once held back in 1990. 
Its growth has taken place in a circular manner, concentrating closely from the river and the surrounding 
vegetation.  Although the growth is more apparent in the desert, it remains attached to the ideology of remaining 
within the vicinity of the river or the main routes to the Red Sea. This is a natural phenomenon, seen in many 
other cities throughout the world for the idea of expansion is derivative of the city’s center and the important 
roads linking the city with the rest of the country. 
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Table 4: Land Use Cross Tabulation Table 
  2015 

1990 

  1 (Water) 2 (Vegetation) 3 (Desert) 4 (Urban) 
1 (Water) 85,67% 10,29% 0,28% 3,76% 
2 (Vegetation) 3,15% 84,93% 0,36% 11,56% 
3 (Desert) 0,18% 4,45% 90,90% 4,48% 
4 (Urban) 2,04% 19,51% 16,75% 61,70% 

 
Table 4 is a cross tabulation table of the changes in use. It compares the classes chosen for both maps from 

the years 1990 and 2015, respectively. Several conclusions can be drawn from the table above and these are; 
first off, from the year 1990 to 2015, 11.56% of vegetation changed into urban, this can also be interpreted that 
in the year 1990 the amount of vegetation present at said time has shifted to being urban areas in the year 2015. 
Furthermore, from the year 1990 to 2015, 4.45% of the desert changed into vegetation. Finally, from the year 
1990 to 2015, 4.48% of the desert changed into an urban environment. There are areas where the land use 
appears to change from urban and desert to vegetation, marked in red color; that is an error. The following 
figures would serve best in order to properly emulate what needs to be conveyed.  The identification of a false 
classification within the model is illustrated in Figure 7. The central area in the left photograph shown as 
multiple grey-like squares, characterizes land that was once originally part of the desert, had been altered and 
prepared for agricultural purposes. That being visibly noticed and understood, the model, in-turn classified the 
said area as an urban class, simply for the fact that it did not coincide to the similarities portrayed in alternative 
vegetative environments. That being said, it can be observed that from the image, to the right of figure 4, which 
shows that the urban section represented by the model has expanded beyond the grey square patch, is also due to 
the model’s misinterpretations. Satellite photography and the 2015 map of land use of Cairo presented in Figure 
5 corroborate this false classification, by showing how the area is truly characterized, by it being classified as 
vegetation. It appears in several places of the map that areas with vegetation changed into urban zones. Those 
areas were near urban developments. The vegetation land lost in this case seems to be compensated in areas 
were desert changed to vegetation as in left side of Figure 7.  

 

 
Fig. 7: Vegetation wrongly classified as urban area. 

 
The site chosen from the study area is one which demonstrates the lack of classification, the confusion the 

model undergoes through the classification process. In the center of the satellite image to the left of Figure 8, it 
can be observed that it is an airport. The runways and buildings correctly classified as urban areas from the 
image on the right of figure 80. are surrounded by empty areas not covered by vegetation but by dry land or 
desert. Nonetheless, these should be regarded as urban areas; however, the software recognizes the dry patches 
around the city as desert environments. In a way, this is a true assessment, but it is not an accurate one at that, 
for if the land has been used and undertaken by urban development, it is undoubtedly constituted in the urban 
classifier. Given that the definition of desert is “a land that is primarily inhabitable”, the area surrounding, said 
patch of land regarded as a desert class by the model, is most definitely being occupied, which makes the 
argument present more sound. 
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Fig. 8: Urban area classified as a desert. 

 
Fig. 9: Partial map of change, land use has shifted from desert to urban from 1990 to 2015. 

 
The satellite image portrayed in Figure 9, shows part of the city of Cairo in the year 1990, and more 

specifically shows the orientation of the city growth back then. The bright purple expansion showed and layered 
upon the original satellite image from 1990 unveils the growth that has taken place over the past twenty-five 
years until 2015. The growth exhibited by the bright purple color present on the satellite image, contradicts the 
way the city was once expanding back in 1990, which was close to the river and surrounding vegetation. 
Throughout the years, the city’s urban development has shifted more towards the deserted part of the city, 
although some development has occurred from the city limits in 1990, the vast majority has deferred from its 
original expenditure growth. The reason being, could be due to availability of cheaper land in the outskirts of the 
city in comparison to the central areas, the speculative real estate market that creates ghost cities around Cairo 
and the invasion of land to build informal settlements. On the satellite image, the growth keeps on pushing more 
towards the desert, out of simple necessity.  
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Fig. 10: Map of change shift, from urban to vegetation in the year 1990 and 2015. 

 
The map in Figure 10 denotes how the urban area in 2015 has undertaken areas that were vegetation areas 

in the year 1990. The map on the left shows those selected areas that have been chosen within the study area in 
order to better understand its expenditure. At first sight, it can be noticed how the exponential growth of said 
region of the city has kept towards its existing boundary of urban settlement. Also distinguishable is how the 
boundaries of the urban extent transgress into a circular manner over the surrounding vegetation sites. The loss 
of desert and vegetation areas are indicative of urban development occurrence in the city. 

 
Conclusions: 

This is a pilot study; more research is planned for this project.  Remote Sensing is an effective tool to map 
and analyze urban sprawl and to provide valuable information necessary for planning and development. It is 
very helpful for research institutions, for governmental and related agencies. Satellite imagery is especially 
relevant in the case of developing cities that are facing the challenges of rapid growth associated to informal 
settlements or urban slums. As explained those areas are not included in many city plans. The use of satellite 
imagery has several limitations; namely, resolution that is not comparable to aerial photography, frequent errors 
and other imperfections of software used to automatically detect change of land covers. However, remote 
sensing techniques are improving and are sometimes the only way to conduct a rapid assessment of many 
desired and specific places. In the case of Cairo, urban growth in the city is mostly concentrated in the East and 
West part, in land that has been occupied by desert land. However, the north of Cairo (an area rich in 
agricultural land) has been threatened by new construction, which is possible to identify through Satellite 
imagery, indicating the change of many areas from agriculture to urban use. The satellite images presented 
shows how the city has expanded not only towards the desert but also to the agricultural regions near the Nile 
delta. The zone near the Pyramids of Giza, is well-known to be surrounded by new illegal constructions. 
Knowing the current urbanization situation of Greater Cairo will help decision makers to monitor the area, to 
protect agricultural land, to achieve sustainable development, and to defend the historical monuments of the 
city.  

For future research, remotely sensing images can also be used as a tool to measure many other 
predicaments, for example, determining where vegetation growth is to be expected. The authors of this study 
consider that this research is the initial step towards a deeper analysis in the future. Some of the challenges and 
false classification results were useful for future reference and accountability. Undertaking such a study could 
drive an impetus to pursue future identification and classification of informal settlements in cities such as Cairo. 
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