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ABSTRACT 
 
Egypt is considered to be one of the populous 
countries in Africa. The Egypt population is mainly 
densely and around the Nile basin.  The population 
of Egypt consists of immigrants as well as the local 
inhabitants. Sinai population represented 
approximately 0.7% from Egypt population and the 
total area of Sinai is 62000 square kilometer.  
 
 In Egypt, Census years every 10 years there was a 
new up-to-date census information and population. 
In between forecasting can be used to estimate 
population based on the available data and the used 
mathematical model. Census process is hardly, 
timely and costly. Rapid growth of population in 
developing countries especially in Egypt leads to 
search alternative methods to estimate population.  
 
The main objective of this research is using remote 
sensing images with different resolution to estimate 
population of the selected study area. The study 
area has been selected to be South Sinai 
Governorate, Egypt. Spot 4 and ETM+ has been used 
in this research. Also, GPS data from field for 
different type of urban features and census data has 
been used.  
The result of this investigation showed that the 
produced up-to-date vector maps of urban area can 
help the decision maker in preparing the developing 
planning. Density maps of South Sinai have been one 
of the outcomes of this research. This study 
demonstrates that satellite images can be used to 
estimate with accepted accuracy, time and cost 
comparing with traditional   approaches. 

INTRODUCTION 
 
In many countries census data only performed every 
5 to 10 years, so there are time gaps for which no 
population information is available.  
 
Conventional methods of population estimation 
based on either on-site sampling or head counts are 
time-consuming and cost-intensive task. In urban 
areas with rapid population growth, population data 
need to be up-dated more frequently in order to 
provide accurate information. Up to Date population 
is very essential in supporting planning processes. 
On Egypt, the Central Agency for Public Mobilization 
and Statistics (CAPMAS) is responsible about all 
census process. Since 1978 remote sensing data 
have been used worldwide for the purpose of 
assessing the surface and the population density of 
human at different scales. The geometric  correction  
of  remote  sensing  images  becomes  a  key issue  
in  multi-source   data  integration,  management  
and  analysis  for  many geomantic applications 
(Toutin 2004). The exponential rise in the urban 
population of the developing countries during the 
past decades accelerated the urbanization 
phenomenon (Hala A. Effat a, Mohamed N. Hegazy, 
2012). Urban growth leads to the change of land use 
and land cover in many areas around the world, 
especially in developing countries (Belal A. A., 
Moghanm F. S., 2011). The methods of population 
estimation from remotely sensed data such as aerial 
photographs have been well established, and the 
strengths and weaknesses of each method are quite 
clearly understood (Lo C.P., Chan H.F., 1980; Lo, 
1986; Adeniyi P., 1983; El-Nokrashy and et al. 1992).  
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Population estimates can be performed at the local, 
regional and national level based on: 1) counts of 
individual dwelling units (Lo C. P., 1995); 2) 
measurement of urbanized land areas (Tatem A. J.  
et al., 2004) ; and 3) estimates derived from land-
use/land-cover classification (Henderson F. M. and 
Xia Z. G., 1997). An approach to linking remotely 
sensed data and areal census data hasd been 
developed (Chen, K., 2002).  
 
Low-resolution satellite images, notably LandSat 
MSS images have been successfully employed to 
estimate the population of cities in China with the 
aid of the allometric growth model (Lo and Welch, 
1977) .The population estimation of North Sinai 
Governorate from satellite otho-images produced 
from stero Spot 4 images for sustainable  
development purpose (Elshehaby A. R., rt al., 2012). 
Since 1986, High resolution satellite images such as 
Ikonos, QuickBird, and Geoeye provide the needed 
high temporal resolution lacking in aerial image 
acquisition missions.  
 
The extraction of discrete features such as buildings 
for land use change and mapping purposes presents 
many research challenges (Priestnalla G., et al., 
2000). Buildings extracted from Ikonos imagery 
compared with those obtained using black and white 
aerial photographs (Fraser et al. 2002).  High-
resolution imagery is a valuable tool for mapping 
urban areas and extracting land cover information 
(Thomas et al. 2003; Ibrahim F. et al. 2011).  
 
Ibrahim F. et al. (2011) evaluates a methodology for 
using Ikonos stereo imagery to determine the height 
and position of buildings in dense residential areas. 
A semi-automated building extraction from single 
satellite images for the purpose of population 
estimation has been developed in Cairo, Egypt 
(Ramzi A. I., 2012). Remote Sensing and Geographic 
Information Systems GIS have become increasingly 
important tools for archaeologists, as these systems 
link information to precisely calibrated physical 
locations, and integrate information drawn from 
multiple sources (Wu S et al., 2005; Shanti Pappu et 
al., 2010; Christoph Siart et al., 2008). 
 
STUDY AREA AND DATA SET 
 
South Sinai Governorate is one the governorates of 
Egypt and one of the two Governorates of Sinai  

 
peninsula. Its capital city is El Tor city. The 
Governorate consists of 8 administrative Qisms, 8 
cities and 13 rural local units and 81 Badawi 
gathered. South Sinai Governorate is divided 
administratively into eight Qisms: Tor Sinai, Sharm 
El-Sheikh, Dahab, Nuweiba, Ras Sedr, Abo-Reideis, 
and Sant Katherine. Figure 1 shows Location map of 
South Sinai Governorate. Figure 2 shows 

Administration border of South Sinai Governorate. 
 
Data set 
 
mainly in census 1986, 1996 and 2006 source of 
these data was Central Agency for Public 
Mobilization and Statistics (CAPMAS) (Statistical year 
book, 1986, 1996 and 2006). Also, Ground control 
points, Check points and attribute of urban features 
have been performed during field trip. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Location map of South Sinai Governorate 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Administration border of South Sinai Governorate 
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Methodology 
 
The proposed methodology based on using remote 
sensing images with different resolution to estimate 
population of South Sinai Governorate. The study 
area covered with Spot 4 multi-spectral images 20m 
resolution dated 2011, Land sat enhanced thematic 
mapper ETM+ panchromatic images 14.25m 
resolution dated 2000. Also, GPS data from field for 
different type of urban features has been used. 
 
A mosaic from spot 4 images has been produced 
Data Analysis Division through mega project in 
NARSS Egypt my Aviation and Aerial photography 
Division sharing in it by population estimation. Also, 
mosaic has been produced from ETM+ images (free 
data from internet).  
 
After that visually vectorization of urban areas has 
been performed from the two mosaics supplied with 
Meta data. Overlay analysis has been performed and 
Editing for final producing vector maps. Population 
estimation has been done based on the last three 
census data 1986, 1996 and 2006. After that a 
density maps has been produced for the study area. 
In this research population estimation has 
performed using correlation with urban areas 
method based on a functional relationship between 
urban areas and population size.  
 
Population has been estimated from censuses data. 
The relationship of the trend forecasting between a 
census population and time can be represented 
using linear equation or second degree equation. 
This is due to the limited number of census data 
which is the last three census of south Sinai 
Governorate. Used Coordinates System: Projection: 
UTM, Zone 36 North: Datum: WGS 84 
 
RESULTS AND ANALYSIS 
 
A mosaic from spot 4 images has been produced 
data Analysis division through mega project in 
NARSS Egypt my Aviation and Aerial photography 
Division sharing in it (population estimation). Figure 
3 shows produced mosaic from Spot 4 mosaic 2011. 
Also mosaic has been produced from ETM+ images 
(free data from internet). Figure 4 shows produced 
mosaic from ETM+ mosaic 2000. Visually 
vectorization of urban areas has been performed 
from the two mosaics. Main classes are urban and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Produced mosaic from Spot 4 mosaic 2011 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4 Produced mosaic from ETM+ mosaic 2000 

 

non urban. Urban areas have been divided into three 
subcategories: cities, Bedouins villages and tourist 
villages. ARC GIS 10 software has been used to 
produce vector map. Each urban area identified as 
polygon. Two vector maps have been produced from 
the two mosaics. Figure 5 shows produced vector 
map from Spot 4 mosaic 2011. Also, Figure 6 shows 
produced vector map from ETM+ mosaic 2000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 Produced vector map from Spot 4 mosaic 2011 
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Figure 6 Produced vector map from ETM+ mosaic 2011 

 
Total urban area of South Sinai province is 
29361.830 Km

2
. Based on the produced vector map 

from  ETM+ 2000, total Urban area and non-urban 
area  was 63.659 km

2
 and 29298,171  km

2 
 

respectively, So the percentage  of urban  and non-
urban area 0.21% and 99,79% respectively. Based on 
the produced vector map from Spot 4 mosics, total 
Urban area and non-urban area was 149.767 km

2
 

and 29212.063 km
2
 respectively, So the percentage 

of urban and non-urban area 0,51% and 99,49% 
respectively. Increase in Urban area from the time 
period 2000 and 2011 is 86.108 km

2
 and its 

percentage is 135 %.  
 
From the obtained results, urban areas of South 
Sinai spread in the form of spots in multiple 
locations. The large percentage of the population is 
concentrated in the coastal plain extends along the 
Gulf of Suez and include areas Tur, Abu Rudeis and 
Abu Zenimah Ras Sudr. In recent years increased 
concentrations of people in areas of new 
development especially in Sharm el-Sheikh.  
 
The largest residential communities are in cities and 
its extend.  Most tourist villages located on the 
shores of the Red Sea province and most Bedouin 
villages located in the valleys where water existed.  
The population growth South Sinai Governorate, due 
to economic activity and  Government efforts to 
provide Sinai  with water and roads. Major factors 
affecting rapid increase of population are rare of 
water and political and military factors after the last 
revolution. 
 
The population of south Sinai governorate or 
province, according to the three 1986, 1996 and  
2006 was 28929, 54826 and 150088 capita 
respectively. Based on census data using regression  

 
line model to predict population at any year can be 
predicted using the following equation: 

 
Pop. = 6057.9T -12013620.7333 

 
Where: 
Pop. = Population  
T = Time 
 
Predicted population at 2000, 2011 and 2013 are 
102180, 168816 and 180931 Capita respectively 
based on equation 1. 
 
Population increase in the time period from 2000 
and 2011 is 66636 Capita and its percentage is 1.65% 
Capita. 
 
Produced Density Maps 
 

Population density is a measurement of the number 
of people in an area. There are natural or Physical 
Factors and human factors affect population density. 
The Physical Factors are: (1) Shape and height of 
land (Topography) (2) Resources (3) Climate. Human 
factors are: (1) Political (2) Social (3) Economic. 
Density of population in South Sinai Governorate at 
census years 1986, 1996 and 2006 are 1.0, 1.9 and 
5.1Capita/km

2
 respectively. Density of population at 

2000 and 2011 are 3.5 and 5.7 1Capita/km
2
 

respectively.  
 
Also, density of population at the target year 2013 is 
8.81Capita/km

2
. Figure 7 a, b, c and d shows Density 

map 1986, 1996, 2006 and 2013 of South Sinai 
Governorate in the level of Qisms. Figure 8 a, b, c 
and d shows Population 1986, 1996, 2006 and 2013 
of South Sinai Governorate in the level of Qisms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 a, b, c and d Density map 1986, 1996, 2006 and 2013 of 
South Sinai Governorate in the level of Qisms. 
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Figure 8 a, b, c and d Population 1986, 1996, 2006 and 2013 of 
South Sinai Governorate in the level of Qisms. 
 

 
CONCLUSION 
 
Linking population with the location using 
Geographic information is essential for decision 
maker to know the location of urban areas and to 
use it in supporting planning processes. Updating the 
urban database using GIS and remote sensing data 
should be systematically to detect the new changes 
in urban areas and population. Large and wide areas 
in South Sinai Governorate inhabited, especially hills 
and mountains areas.  
 
The population in the west coast densely but 
population was limited in the east coast. In the time 
period from 2000 and 2011 urban areas increased 
86.108 km

2
 and its percentage is 135% this met 

increased in population 66636 Capita and its 
percentage is 165% Capita. In South Sinai 
Governorate, population growth requiring the 
planning for new urban sites over desert land which 
less important for agriculture uses  
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