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Abstract  

This research aims to measure and to model the urban expansion of 
Greater Muscat using the combined techniques of geographical 
information systems (GIS) and satellite remote sensing (RS). Basing 
on detailed datasets and knowledge of historical land use maps, 
attempts were made to simulate future growth patterns of the city. A 
significantly detailed dataset of land use for Greater Muscat, derived 

from an assemblage of aerial photographs and high resolution 
satellite imagery, was assessed. The outcome of this exercise was the 
design of six land use maps covering the years 1960, 1970, 1980, 
1990, 2000 and 2003. The results show that the area of Greater 
Muscat has expanded by 650% in the period 1970-2003 with an 
annual growth rate of approximately 20%.  

An important objective of this study is to determine the extent to 
which such changes could be modeled and used to forecast and 
simulate patterns of change in the future. After intensive literature 
review, the SLEUTH model, developed by Keith Clarke from Santa 
Barbara University, was employed. Six image inputs (slope, land use, 

excluded areas, urban extent, transportation and hillshade) were used 
to model future urban expansion. The SLEUTH model agreed with 
average annual increased especially the average of increased between 
1990 – 2003. The model was also be able to identify the sequences of 
future urban expansion. 

I. INTRODUCTION 

Urbanization is now a common characteristic of all 
countries, especially in countries of the third world (Figure 1). 
According to UN statistics (UN, 2003), natural population 
increase is supplemented by more than one million inhabitants 
migrating to cities every week. 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 1: The growth of population residing in urban areas at 

mid-year 
(Source: United Nation, World Urbanization Prospects: the 2003 revision) 

 

Oman is one example of such population growth: the total 
population in the 2003 Census reached 2340815, with an 
annual increase of 2.1%. Population increase among the Omani 
was higher than that among other nationalities residing in 
Oman due to the steady ‘Omanisation’ of employment posts. 
The UN predicts that the total population of Oman will reach 5 
million by 2050 (Figure 2). 

 

 
 

 

 

 

 

 

 

 

 

 

Figure 2: Oman total population between 1950-2050 
(Source: United Nation, World Population Prospects: The 2004 Revision) 

 

However, the urbanization issue in Oman is relatively new 
and is highly linked to the economic boom stimulated by oil 
exploration and production.  In 1950 less than 2.5% of Omani 
lived in urban areas. The major changes occurred after 1970 
when this figure reached 11% and 62.1% in 2000. Muscat, the 
capital and major urban centre, alone accounted for 40% of the 
population. The percentage of urban population in Oman is 
predicted by the UN to rise to 86% by 2030 (Figure 3).   

 

 

 

 

 

 

 

 

 
 

 

 

Figure 3: The percentage of population living in urban areas in 

Oman (1950-2030)  
(Source: United Nation, World Population Prospects: The 2004 Revision) 
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II. STUDY AREA IDENTIFICATION 

Muscat Governorate, situated in the north-east between 23° 
30  and 23° 45  north latitude and 57° and 59° east longitude,  
is the capital of the Sultanate of Oman (Figure 4).  It extends 
from A'Seeb in the north to the fishing port of Quariyat in the 
south along a coastline that runs around 200 km along the Gulf 
of Oman.  It is divided into six Wilayats (Administrative units 
in Oman): Wilayat of Muscat, Mattrah, Bausher, A'Seeb, 
Al'Amarat and Quariyat. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure 4: The 6 Wilayats of Muscat Governorate  

 
The total land area of the Muscat Governorate is 35000 km2 

(Oman Census, 2003) with a total population of 631031 
inhabitants (Table 1 shows more details about the population of 
each Wilayat based on 2003 Census results).  

Table 1: The total population of each Muscat Wilayats in 2003 
census 

 
This study covers only the urban area in the Governorate 

for which the term Greater Muscat is used. In the detailed 
publication of the 2003 Census results, the urban area of 
Muscat was considered to include all the Wilayats of Muscat, 
Mattrah, Bausher and A'Seeb, along with the centres of the 
Wilayats Al'Amarat and Quariyat and every other permanent 
settlement with a population of at least 2500 persons.  Any 
other settlement out of these limits was considered as rural 
(Ministry of National Economy (Oman), 2003).  Most of the 
Wilayats of Al'Amarat and Quariyat are thinly populated due to 
the difficulty of their topography (Figure 5).  These two 

Wilayats are also not covered by earlier maps, aerial photos 
and satellite images. Therefore, for the purpose of this research, 
the term Greater Muscat is taken to include the area along the 
sea from Al'Monomah (after Bayet Al-Barakah) to Al-Bustan 
Hotel, excluding the centres of Wilayats Al'Amarat and 
Quariyat (Figure 5). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 5: Muscat urban area 

III. PREVIOUS STUDIES ON URBAN DEVELOPMENT 

To date, most investigations of urban expansion in the Arab 
world have concentrated on using GIS and remote sensing to 
quantify the total growth of the city.  For example, Yagoub 
(2004) has worked in Al Ain (UAE city) and has shown that 
development of the town can be measured and monitored using 
high resolution satellite imagery. Belaid (2003) considered 
change detection methods using remote sensing over 3 cities in 
Morocco and the Al Ahsa Oasis in Saudi Arabia.  El-Raey et 
al. (2000) looked at the impact of unplanned expansion of 
slums on the sanitary structure of Rosetta in the Nile Delta of 
Egypt. 

This research project in Muscat attempts to move beyond 
sheer expansion measurement to the development of a system 
that models future growth in the urban area. It is noteworthy 
that only few studies have attempted to model future urban 
growth in cities of the Arab world. One of these is the study of 
Abdou Azaz (2001) who used the SLEUTH model to predict 
urban expansion in Alexandria, Egypt. This research project 
seeks to apply urban growth modeling techniques to the 
Greater Muscat area. It uses a cellular automata approach as 
developed recently by a number of researchers. Alternative 
approaches to urban growth modeling are summarized by 
Singh (2003) who divided the effort on modelling of urban 
expansion into five categories (1) Cellular Automata models; 
(2) Artificial neural network models; (3) Multi Agent models 
(4); Statistical models and (5) Fractal models. Added to this are 
other efforts which employed CA as an applicable method for 
urban growth modeling. These include for example the efforts 
Wu & Martin (2002) to simulate urban expansion in Southeast 
England, Singh (2003), who worked in Shimla (India) and 
Leao et al. (2004), who studied the expansion of Porto Alegre 
(Brazil). 

Omani Non-Omani Wilayats 

Names Male Female Total Male Female Total 

Mattrah 30840 25440 56280 66801 31235 98036 

Bausher 36124 33898 70022 55230 24254 79484 

A'Seeb 84807 77836 162643 43411 17213 60624 

Al'Amarat 17824 17564 35388 3507 1973 5480 

Muscat 10575 10016 20591 3090 1088 4178 

Quariyat 17495 17673 35168 2443 694 3137 

Total 197665 182427 380092 174482 76457 250939 
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IV. METHODOLOGY 

For the purpose of assessment, a significantly detailed 
dataset of land use for Greater Muscat was assembled. Then 
followed the design of six land use maps, obtained directly 
from aerial photographic and high resolution remote sensing 
satellite imagery and backward digitized for the years 1960, 
1970, 1980, 1990, 2000 and 2003. 

The most recent image of IKONOS 2003 was placed on a 
layer with ancillary sources (Al-Awadhi, 2005). Land use 
polygons of appropriate size (2500 m2 minimum polygon size) 
were created and classified according to the adopted land use 
classification system. Following this, the second IKONOS 
image for 2000 was placed in a separate layer and a copy of the 
previous digitized land use map derived from IKONOS image 
2003 was placed at the top of the IKONOS 2000. The land use 
change was tracked by eliminating any land use feature that 
could not be identified in the IKONOS 2000 image and adding 
any land use feature to the database. For the search of historical 
data aerial photos of the 1990s and aerial photos, satellite 
images and printed map work for the remaining periods were 
used. 

One of the main interests of this research project is the 
investigation of the feasibility of modeling land use changes 
and the suitability and applicability of the employed model in 
forecasting and simulating patterns of change in future years.  
In practice, several models have been developed to predict 
urban growth expiations of which four deserve special 
mention. Depending on the range from low to high integration, 
these include: isolated, loose coupling, tight coupling, and full 
integration (Singh 2003). In each case the model needs to 
reflect the dynamism of the urban environment, the range of 
data available. This is because change in urban areas is likely 
volatile and unpredictable: it does not happen gradually, but in 
discrete steps.  So, it is stressed from the beginning that such a 
model will be used to estimate a range of possible future 
scenarios. It can in no way be considered to be an actual 
prediction tool. However, the output from such a model can be 
used to help in decision support and can allow users to assess 
the general consequences of change in the urban environment. 

After an intensive literature review, SLEUTH model was 
selected. The idea of the model is a development of CA model 
and is based on C program running under UNIX or Windows 
with Cegwin interface. SLEUTH requires an input of six types 
of grayscale gif image files, namely Slope, Land cover, 
Exclusion, Urbanization, Transportation, and Hillshade. (The 
name SLEUTH derives from the combination of the initial 
letters of these files) . The model requires all input layers to 
have a consistent number of rows and columns. For statistical 
calibration of the model, at least four urban time periods must 
be used. Also, for purposes of calibration, the roads must be 
represented in two or more time periods and it also requires 
two land use layers for deltatron land use modeling. The 
excluded image defines all locations that are resistant to 
urbanization. These include areas where urban development is 
considered impossible such as open water bodies or national 
parks.  

 

 

 

 

 
 

 

 

 

 

 
 

Figure 6: Slope layer 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 7:  Hillshade 

V. DISCUSSION RESULTS 

Two types of results were derived from the application of 
the model. The first result concerns the measurement of urban 
growth in 10 years periods from 1960 to 2003. A summary of 
such change is given in Table 2 which shows the total areas 
under each class for each year. From this table, it is possible to 
identify the precise change in land use categories over time. 
For example, the major increase in urban growth has taken 
place in the decade 1970 to 1980 and amounted to more than 
3.5 time the previously extension. At the same time, a 
significant increase in residential land has taken place in the 
same period. In comparison, the agricultural acreage barely 
changed from 1960 to 1970. A large number of dynamic 
enquiries can be made of this dataset concentrating on the 
different land use categories and the extensive time periods 
afforded by the data. For example, Public building category has 
the largest share of the built-up area especially in 1980 period 
and later. It formed about 29.8 % in 1980 and rose to 30.2 % in 
2003. 

Land Use Class 1960 1970 1980 1990 2000 2003 

1.1 Residential 514 524 1823 3169 5431 5594 

1.2 Commercial 28 30 741 930 1056 1053 

1.3 Industry 10 10 597 1291 1667 1679 

1.4Public Building  38 38 2783 3650 4975 5818 

1.5 Transport 3 12 1558 2219 2735 2803 

2.1 Agriculture 1695 1690 1614 1801 1633 1652 

2.2 Recreation Area 4 4 95 346 521 460 

2.3 Dam 0 0 0 37 37 37 

2.4 Lake  10 10 134 138 138 138 

Total 2302 2318 9345 13581 18193 19234 

Table 2: Total areas in hectares for each land use class for 

each year sampled 
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Figure 8: Land use map change between 1960 & 2003 and 2nd 

level of classification 

 
The history of land use in study area showed three types of 

urban expansion as illustrated in figure 8: (i) in the period 1960 
– 1970 the expansion was very narrow and took place only 
between tow old towns Muttrah and Muscat, (ii) between 1970 
– 1980 the expansion extended along the sea coast to the west 
and (iii) between 1980 – 2003 the urban expansion started 
filling the spaces and gaps between built-up-areas. 

The second result concerns the future urban expansion. The 
SLEUTH model showed two types of urban expansion 
probabilities. A summary of urban expansion of these 
probabilities is presented in table 3.  

Year  50% 95% Total 

2005 808.32 72.8 881.12 

2010 2280.96 1866.88 4147.84 

2015 2330.24 4205.92 6536.16 

2020 2255.2 6340 8595.2 

2025 2344.32 8256.6 10600.92 

2030 2849.44 9996.32 12845.76 

2035 4307.84 11600.8 15908.64 

2040 7147.36 13293.6 20440.96 

2045 11218.72 15375.52 26594.24 

2050 15975.04 18126.72 34101.76 

Table 3: Probabilities urban expansion in hectares  

from 2005 -  2050 
 

comparing table 2 and table 3, the following can be 
identified: (i) the actual annual urban expansion rate in period 
1960 – 2003 was 17.1% and the average built-up area was 
393.8 hectares, (ii) the annual rate of urban expansion between 
1990 – 2003 was 3.2%, (iii) the rate of urban expansion in total 
probabilities in the period 2005 – 2050 will be 6.16%, (iv) in 
case of 95% probability the rate will be 2.1%, and (v) the 
average future urban growth rate probabilities will  be 4.5%. 
From these observations, the future urban growth rate of 95% 
probability is consistent with the average rate of urban growth 
especially between 1990 – 2003. 

The SLUETH model also show the future urban expansion 
would proceed in the following sequence (figure 9): (i) filling 
the gaps between existing built-up areas, (ii) expansions along 
the edges of existing settlements and (iii) creation of new 
satellite settlements around existing urban boundaries 

depending on suitability of slope and excluded areas as well as 
accessibility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Small GIS datasets present urban growth overtime 

between (2005 - 2050) 
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