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Abstract

The main objective of this research is to detect the spatial 

distribution of population centers pattern in Khaibar Al-

Madinah Al-Munawarah- Saudi Arabia, using quantitative 

analysis, cartography methods and, this can be done by GIS 

spatial analysis tools, as well as digital elevation model 

(DEM) analysis. The result shows a strong relationship 

between the distribution of population density pattern and the 

watersheds area in the study area, as well as the distribution of 

population density along the main road that across the city of 

Khaibar. The value of nearest -neighbor coefficient is 

0.707897, This means that the spatial distribution pattern of 

population density in Khaibar is related to Converged 

convergent distribution pattern. It is also have been found that 

centerlization of population density located in the Northeast of 

Khaibar, less than 9 km to city center. This indicates the 

population gathered around the centers of the city. In other 

hand the numbers of population area are dramatically 

decreasing when earth's surface topography rises above 1000 

m. the final analysis and result shows 85% of population area 

and center distributed in Khaibar basin which domistare the 

strong relationship between the distribution of population area 

density pattern and the watersheds. 

Keywords: Spatial distribution pattern of population 

centersSpatial Analysis, Geographical Information Systems, 

Khaibar Region, Digital Elevation Model (DEM) 
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Abstract

Urban growth and urban sprawl are currently among the 

most critical phenomena that face the world. With the 

growing pressure on urban inhabitants as they decline in rural 

areas, the size of the urban population is increasing and the 

spatial space of the cities is constantly expanding. As a result, 

researchers from various scientific background including 

geographers are becoming more interested in studying urban 

growth/sprawl from different scientific perspectives. 

Therefore, the main aim of this research is to discuss the 

urban growth/sprawl of the Muscat Governorate (Sultanate of 

Oman). The first objective of this research was to analyze the 

urban sprawl of the city (1970 – 2017) and to analyze the 

causes and human influences that have affected urban sprawl. 

The study was carried out in three stages: First, data was 

generated from satellite images processing for the specified 

period using the Geographic Information System (GIS) and 

Remote Sensing (RS) techniques. Second, this research used 

the analytical approach to determine the human influences on 

urban sprawl of the city based on the analysis of social, 

economic, political and administrative factors, as well as the 

researchers' experience in interpreting these factors. Third: 

this research used field studies to compare the results obtained 

from the satellite images with the results obtained from the 

field.

The results show that the city of Muscat has been 

witnessing a great urban sprawl, in which the built-up area 

increased about 17 times from 1970 to 2017, and the green 

areas increased about four and a half times. This study 

confirms that the urban sprawl of Muscat has been highly 

influenced by social factors, which include a quantitative 

change mainly in a high population growth and qualitative 



change represented in the emergence of new social attitudes 

such as the desire to live in large-scale housing units with 

large internal courtyards. In addition, the social factors are 

clear in the appearance of the new trend towards renting 

apartments by expatriate workers as well as Omani internal 

immigrants coming from other governorates. The economic 

factors also played a crucial role in the urban sprawl of 

Muscat. The availability of the country's financial surpluses 

has led to improve and enhance the city's infrastructure. The 

high income and the high savings rate of the Omani 

population have led to accelerate the demand for owning and 

constructing houses. This research also indicates that the 

political and administrative factors have played a major role in 

the urban sprawl of Muscat. Among the most important 

policies are "the policy of distributing residential lands to 

Omani citizens" and "the policy of housing loan programs".  

Keywords: Urban sprawl, Urbanization, Muscat, Sultanate 

of Oman. 
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Causes of urban growth 

Compact 
Growth

Sprawled 
Growth

Population growth••

Independence of decision•

Economic growth••

Industrialization••

Speculation•

Expectations of land 
appreciation•

Land hunger attitude•

Legal disputes•

Physical geography•

Development and property tax•

Living and property cost•

Lack of affordable housing•



Causes of urban growth 

Compact 
Growth

Sprawled 
Growth

Demand of more living space••

Public regulation•

Transportation••

Road width•

Single-family home•

Nucleus family••

Credit and capital market•

Government developmental 
policies

•

Lack of proper planning policies•

Failure to enforce planning 
policies•

Country-living desire•

Housing investment•

Large lot size•

Source: Bahatta, 2010: 18.
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Abstract

Food industry is one of the most important industries that 

the Kingdom of Saudi Arabia gives a great attention, 

especially in recent years. The Kingdom intends to diversify 

the economic benefit in order to achieve more self-

sufficiency, increase production and reduce the importing of 

manufactured foods. Sugar is an important food and one of the 

direct consumer goods. In addition, it is one of the main 

ingredients of producing many food industries such as; 

sweets, candies, biscuits, beverages, juices and others. Until 



the end of 2016, there were (40) sugar factories in Saudi 

Arabia, and these factories are producing different types of 

sugar, including soft and coarse sugar, powder and liquid in 

addition to sugar cubes or molds. This study aims to analyze 

the sugar factories in Saudi Arabia, in addition to specify their 

damage and its importance. Also, it aims to analyze the 

patterns of geographical distribution of this industry between 

the regions and cities of the Kingdom, to know the economic 

characteristics of the industry and the extent of its settlement 

in the Kingdom in addition to damage to its future

The study showed that the sugar industry in the Kingdom 

started in 1978, since more than 40 years ago. The production 

started with one factory only, until the number became (40) 

generous factories in 2016, employing 5580 workers, and 

investing 844.9 million riyals, with a production capacity of 

about 46013050 tons. These factories were settled in (11) 

cities, and the geographical distribution of these factories was 

limited to most of the factories, especially in the major cities 

such as Riyadh, Jeddah and Khamis Mushayt. The majority of 

sugar factories in the Kingdom are medium-sized, in terms of 

capital invested and in the number of labor. A minority (10%) 

is large for the same criteria

This industry is expected to grow and develop to reach to 

152 factories in 2026 AD, so this study shows the need to 

guide the development of the sugar industry because it is 

concentrated in one hand, and there is a need for its settlement 

in Najran, Jizan and Baha, Medina and Asir on the other hand

Keywords: food industry, sugar 
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Abstract

The present study aimed at knowing the perception level of 

students at Geography department in the college of Arts at 

Sultan Qaboos University for the green economy. The data 

were collected by a Questionnaire consisted of 20 statements 

divided into two aspects: Perception of green economy which 

consisted of 8 statements and perception of the role of the 

university in reinforcing green economy which consisted of 

12 statements. The validity of the instrument was ensured and 

the reliability was calculated by Cronbach Alpha which was 

(.729). The sample consisted of 125 students. The findings of 

the study showed that 60.6% of the students have low 

perception of the green economy, 34.9% of them don’t know 

anything about it. In contrary, those who know about it didn’t 

exceed 2.78%. The study showed that the perception level of 

the green economy had average mean of (3.34) and the 

perception of the university’s role in reinforcing green 

economy had low mean of (2.78). The study recommended 

the necessity of building the knowledge and attitudes towards 

green economy, getting use of the international experience 

which focused on the education and green economy. It also 

recommended conducting training workshops for the 

academic staff members in education sectors to enhance the 

perception of green economy. 

Key words: Perception Level, Sultan Qaboos university, 

Green economy, Sustainable Development, Sustainable 

energy.
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land surface temperature is obtained from this study, which 

asserts on the role of desert reclamation on modifying regional 

land surface temperatures. Lowering the regional LST by 

0.66 C between 2003 and 2013 could help to prioritize 

management plans in this region. This confirms with previous 

studies in similar regions as reported by Hereher (2017b) in 

the Nile Delta of Egypt, where reclamation of the margins of 

the Nile Delta resulted in a regional decrease in the LST by 

about 0.52 C in 13 years. There also should be a proper 

management of water resources for better sustainable 

development in this arid desert. The technique applied in this 

study could be used to address the impact of land use/cover 

change in other arid regions, such as Oman, where 

tremendous development activities in the agricultural sector 

are being implemented along Al-Batinah Coastal Plain.
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Discussion and Conclusions 

Hail is one of the fast growing agricultural regions in 

Saudi Arabia and cultivation is the main human activity in the 

region. The region was, until a few decades, a typical barren 

land covered by sand dunes, hills, salt playas, Quaternary 

sediments and stone surfaces (Fig. 2). Since late 1970s and 

early 1980s the region witnessed agricultural reclamation 

projects in the plain between the frontiers of the Arabian 

Shield and the sand dunes of AnNafud Sand Sea, which is 

known as Baq’a plain. The increase in cultivated lands 

between 1987 and 2013 is associated with augmented 

pumping of groundwater since 1982 (Hussein et al., 1992). 

The main source of water is the Saq Sandstone formation, 

which has water salinity ranging from 300 to 1000 ppm 

(Sharaf and Hussein 1996) that is quite suitable for irrigation. 

As the main water resource of the region, i.e., the Saq aquifer 

is non-renewable and its water content (280,000 m
3
) is 

reserved since 10,000-30,000 years ago (Sharaf and Hussein 

1996), the over-pumping and abstraction will not only lower 

the water supply but also deteriorate its quality. Long term 

studies should address the consequences of over pumping 

upon soil quality. Wheat was successfully cultivated in the 

region, but recently, it was banned to save water resources and 

low-water requirement crops were being replaced.  

LST estimations of Baqa’a plain were not taken from 

Landsat data, because the LST of the Landsat provides the 

temperature at the day of the image acquisition which could 

be affected by other climatic factors in that date. On the other 

hand, as MODIS satellite provides composite images at highly 

temporal resolution, it could provide mean monthly and 

annual values as MODIS thermal data are available as 8-day 

composites. A negative correlation between vegetation and 
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Figure (6): The extent of the three land cover units in the study area in 1987, 

2003 and 2013. 

Figure (7): The monthly distribution of the LST in the study area in 2003 and 

2013.

Figure (8): A time series temporal curve for LST in the study area. Note the 

negative trend of the LST in this region which reveal a negative trend in response to 

the increase in cultivated land. 
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Figure (5): The land cover maps of the study area of 1987, 2003 and 2013. 
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year (from June to December) and most difference occurred 

during November (-4.15 C). Vegetation not only reduced the 

summer temperatures but it also warmed the region during 

winter, i.e. provided conditioning environment, where the first 

half of the year (winter) has experienced a general warming in 

2013 than 2003. The excess in LST is mostly occurred during 

March (3.33 C). The overall change in LST is toward a 

cooling in the mean land surface temperature (Fig. 7). 

Cultivation is therefore a terrestrial factor influencing the 

local atmospheric temperature. The temporal LST trend 

between 2003 and 2013 reveals a net negative trend, which 

demonstrates that the overall temperature is decreasing 

between the two dates (Fig. 8). This decline in temporal LST 

reveals the significant impact of vegetation upon regional 

surface temperatures. 
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Table (2): Accuracy assessment of land cover maps of 

the study area. 
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Changes in land surface temperature 
There is a coincidence in the pattern of air and land surface 

temperatures. However, LST is much higher for the land than 

for the air. In the study area, the most obvious observation in 

LULC change is the conversion of the bare desert into 

vegetation. MODIS LST data showed that this transformation 

of land cover is associated with a regional decline in the mean 

annual land surface temperature. During 2003, the mean LST 

is estimated at 39.81 C and during 2013 the annual LST is 

39.14 C with a difference of -0.66 C. This decline in the 

mean annual LST throws light upon the tremendous effects of 

green vegetation for cooling of ambient temperature by 

absorbing heat energy for the process of evapotranspiration 

(Yuan and Bauer 2007). At the monthly level it is observed 

that cooling is most pronounced during the second half of the 
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processed using ERDAS Imagine Package. The image sets for 

2003 and 2013 were stacked (23 images per year) for monthly 

comparison and the mean LST for the study area was 

extracted and compared. In addition, the entire data set (one 

image each 16 days for the period Ja. 2003 to Dec. 2013) was 

stacked together to produces a sing image (totaling 253 layers) 

covering the total study period (14 years). The temporal LST 

trend (2003 and 2013) of the region was determined and 

plotted to show the behavior of the LST either decreasing or 

increasing.

Results

Land use/cover change 

One of the most successful applications of remote sensing 

is the study of the land use and land cover change detection 

over the last three decades. Accuracy assessment of the three 

land cover maps reveals a high level of confidence, where the 

overall accuracy is 93, 94.8 and 95% for the land cover maps 

of 1987, 2003 and 2013, respectively (Table 2). Highest 

accuracy was reported for bare lands (96%) and the lowest 

was for agricultural land (78%). Kappa statistics are general 

high with maximum value for the 2013 (0.9) and minimum 

for 1987 (0.88). The unsupervised classification assisted with 

the NDVI algorithm to the three Landsat images shows that 

agricultural land obviously increased in the study area (Figs. 

5&6), whereas barren lands and sand dunes decreased in 

surface area. Reclaimed land was doubled in the study region 

from 180 km
2
 in 1987 to 376 km

2
 in 2013. In 2003, the total 

reclaimed area was 2060 km
2
. Most land use/cover change 

was from bare soil to cultivated lands, where barren area was 

2060 km
2

in 1987 and lowered to 1900 km
2
 in 2003. The 

conversion of sand dunes to cultivated land approached only 

36 km
2
 (1065 km

2
 in 1987 to 1029 in 2003 km

2
).
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The small images were then individually classified using 

an unsupervised algorithm; a mathematical separation of 

pixels into natural groupings based upon the spectral behavior 

of these pixels (Jensen, 1995). We started classification 

requesting fifty clusters in each image. The ISODATA 

(Iterative Self-Organizing Data Analysis) algorithm was used 

in the clustering process as it has been applied in numerous 

similar studies (e.g. Masek et al., 2000; Franklin and Wulder, 

2002; Yang and Lo, 2002; Huang and Siegert, 2006; Hereher, 

2014b). ISODATA clustering allows exploration of the 

characteristics of the individual images and enables spectral 

discrimination of the various classes in the image. The output 

clusters were then recoded into three land cover classes based 

on previous field experience and on the spectral signature 

curves. These land cover classes were: agricultural land, sand 

dunes and bare land. As mountains and urban land use, 

particularly roads have comparable spectral behavior similar 

to bar soil that could not be separated by classification, they 

were merged together as a background in the classified images 

and they were not counted in the resulted images. However, 

the sporadic urban regions were qualitatively displayed in the 

land cover maps. Several iterations (24) were applied to 

perform the classification process. Finally, each classified and 

recoded image was filtered through a 3x3 majority filter to 

recode isolated single pixels that were classified differently 

from the bulk of the pixels in the window. After classification 

an accuracy assessment was carried out to the three produced 

land cover maps from the classification process. A total of 100 

points were randomly chosen in each land cover map and 

compared with the raw image of that date. The user, producer, 

and Kappa statistics as well as the total accuracy and Kappa 

were determined for each land cover unit. Thermal data were 
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Figure (4): False color composites of the study area (RGB543) as it appears in 

three Landsat satellite images of 1987, 2003 and 2013. Green refers to vegetation, 

yellow is the sand, brown is highlands and gray is the bare soil. 
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red and near infrared reflectance or radiance. The equation 

used for NDVI is: (NIR - Red) / (NIR + Red) (Tucker 1979). 

Where, NIR and Red refer to the DN or radiance in the near 

infrared and red bands of the image, respectively. 

Theoretically, values of NDVI fall between -1.0 to +1.0. 

Notably, the NDVI values close to +1.0 refer to high biomass 

of green vegetation. The NDVI layer for each date was 

stacked with the raw image of that date to facilitate clustering 

of cultivated land in the classification process. A subset image 

of the study area of about 3300 km
2

was created from each 

image (Fig. 4).
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in 1999 and Aqua, which was launched in 2002. MODIS 

Terra has a descending orbit and overpasses the equator daily 

in the morning (at 10:30 AM), whereas MODIS Aqua has an 

ascending orbit that overpasses the equator in the afternoon (at 

1:30 PM) MODIS LST data use the thermal bands 31 and 32 

(at 10.78–11.28 µm and 11.77–12.27 µm, respectively) to 

acquire earth's surface temperatures. As the MODIS data are 

just available since 2002 (for Aqua sensor), it was not possible 

to obtain the LST from MODIS before that data. MODIS LST 

data were acquired from the Aqua sensor that overpasses the 

equator at 1:30 PM every day. Two groups of data were 

obtained from MODIS LST product (MYD11A2). A total of 

23 images for the year 2003 and other 23 images for year 

2013 were extracted to undergo a monthly comparison of LST 

in the two years. These two years were selected to estimate 

the LST change in the same dates of the LULC change as 

recorded in the Landsat ETM+ (2003) and OLI (2013) 

images. The MODIS images are provided in Kelvin scale and 

are available for free at the United States Geological Survey 

(USGS) Land Processes Distributed Active Archive Center-

LPDAAC (https://lpdaac.usgs.gov/).

Image processing 

ERDAS Imagine software was utilized for all processing 

approaches in the data sets. Atmospheric correction for the 

Landsat was carried out using the COST Model which is 

based on Chavez (1996) enhanced dark-object subtraction 

technique. The DN values of the final images were converted 

to reflectance values following the NASA instructions. The 

thermal bands were eliminated before image processing. To 

enhance the vegetation signal of the study area, the 

normalized difference vegetation index (NDVI) was first 

applied to all images. The NDVI is the normalized ratio of the 
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Satellite data 

Three optical images were acquired for Hail region 

(Path169 and Row41) from three Landsat satellites in order to 

highlight the LULC changes occurred at the region in the last 

three decades. These images were obtained from the Thematic 

Mapper (TM) (Landsat-5) in Sept. 1987; the Enhanced 

Thematic Mapper Plus (ETM+) (Landsat-7) in Feb. 2003 and 

the Operational Land Imager (OLI) (Landsat-8) in Sept. 2013. 

All these multispectral images have the same spatial 

resolution (30 m) in the visible and near infrared bands. 

Although the three images were acquired in different seasons 

(the fall and winter), the pattern of cultivation is similar in 

terms of type of crops (fodders and vegetables) and irrigation 

methods (center pivot). The selected images are nearly cloud-

free and were downloaded from the United States Geological 

Survey (USGS) Earth Explorer gateway 

(http://earthexplorer.usgs.gov/). All the images have the same 

projection, i.e. Universal Transverse Mercator (UTM-

WGS84). Although the Landsat images include thermal bands 

that could be used to perform changes in LST, it was not 

possible to acquire more images on a monthly basis from the 

Landsat sensor. Therefore, it was crucial to obtain these 

frequent temporal data from the MODIS sensor, which could 

provide a composite image each 8 days for any place on the 

earth. Hence, another set of thermal images were acquired 

from MODIS satellite in order to delineate the temporal 

changes in the LST associated with the LULC change 

occurred in the region. The launch of the MODIS satellite 

provided a sustainable source of remotely sensed data about 

the earth and its land temperature. MODIS LST data are 

available from two platforms: the Terra, which was launched 
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Figure (3): A ground photo of the three land use/cover units: agricultural, bare 

and sand dunes. 
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Figure 2: A Landsat MSS image (top) acquired in 1972 showing the study area 

when it was a barren desert and a digital elevation model (bottom) showing the 

northward slope of the land. 
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rainfall, groundwater is the sole source for water. Irrigation 

methods are the drip and center pivot types (Fig. 3). A few 

years ago wheat was cultivated in this region but due to the 

limited water resources wheat is no longer planted. Vegetables 

and animal fodders are extensively cultivated to compensate 

for the areas previously planted by wheat. Population of the 

region is mostly settled in Baqa’a town, which hosts about 35 

– 40 thousands of people. This town is as far as about 95 km 

northeast of Hail city and is connected with the main regions 

in the area by well-paved highways. There are other tiny 

villages scattered in the region with few (~1000) inhabitants. 

Cultivated lands in the study area are dynamic and increasing 

in space and time.

Figure 1: Location map of the study area showing the main physiographic units 

of the region. 
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Table (1): Climatic elements of Hail meteorological 

station for the period 1978-2010. Source: The Presidency 

of Meteorology and Environmental Protection. 
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The study area represents the contact region between the 

Arabian Shield and the AnNafud Sand Sea in Hail region with 

an area of about 3300 km
2

(Fig. 1). Until early 1970s, the 

region was an abandoned desert, where old satellite images 

acquired from the Landsat Multispectral Scanners (MSS) 

reveal no signs of inhabitation or cultivation (Fig. 2). Digital 

elevation models revel that the region is a depression north of 

Hail city with a regional slope of the land from about 1000 m 

in the south to about 750 m above sea level in the north (about 

250 m in 100 km). The topography of the region allowed for 

the formation of many ephemeral streams that drain the land 

from south to north, and water from rainfall flows northward 

through Wadi Al-Aderaa until it disappears within the dune 

fields of AnNafud in the north (Fig. 2). Soils predominating in 

the study area are classified as torripsamments (hot sandy 

soils) because the major surface feature is covered by aeolian 

sand deposits (Nazzal et al., 2014). Agriculture is the main 

human activity in the region and the main cultivated crops are 

alfalfa, potatoes, maize and vegetables. Due to the scant 
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Hereher, 2016). The main objectives of the present study are: 

1- to map the LULC change of Baqa’a area north of Hail in 

the last three decades, and 2- to delineate the impact of the 

LULC change on the regional land surface temperatures. 

The Study Area 

Hail is a desert region in Saudi Arabia that occupies the 

northern middle part of the country with a total area of about 

115,000 km
2
. The region occurs at plateau in the eastern 

fringe of the pre-Cambrian basement rocks of the Arabian 

Shield and its northern part is covered by extensive sand 

dunes of AnNafud Sand Sea. The most prominent geologic 

feature is the occurrence of the plutonic Aja Mountain that 

borders Hail city (about 0.5 million peoples) from the west. 

The mountain is composed of red granitic rocks and attains 

more than 1500 m above the sea level. The region is 

characterized by an arid climate, where annual precipitation 

does not exceed 120 mm and the evaporation rates are as high 

as 3000 mm/y (Sharaf and Hussein, 1996). Air temperature 

ranges between about 10 C in winter to more than 32 C in 

summer. Table (1) provides precipitation and temperature data 

for Hail region between 1978 and 2010.  
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technique has the advantage of being applied to independent 

images regardless of the season of acquisition. The post-

classification change detection approach also involves a 

complete change detection matrix, providing the advantage of 

complete from-to information (Jensen, 1995). Among the 

studies using post-classification comparison are Petit et al.

(2001); Dewidar (2004) Mundia and Aniya (2005).

Land use change tremendously modifies the local climatic 

conditions of the region. Hereher (2017a) reported that the 

drying Toshka lakes in southern Egypt has significantly 

impacted the local climate by rising land surface temperatures 

of the region between 2003 and 2015 by more than 4 C. The 

conversion of agricultural land to paved surfaces alters the 

surface permeability and significantly affects the energy 

transfer between soil and the atmosphere (Guo et al., 2012). 

Deforestation of the Amazon forests is a clear example for 

interrupting the heat budget on the global scale (Lejeune, 

2015). In contrary, vegetation is known to greatly cool the 

land temperatures by the process of evapotranspiration in 

which the green vegetation absorbs heat from the atmosphere 

for the evaporation of water that eventually reduces the 

temperature of the land surface (Yuan and Bauer, 2007). 

Loarie et al. (2011) reported that cultivation of sugarcane has 

a cooling effect of about 0.96 C on the local temperature of 

the Brazilian Cerrado. Land surface temperatures (LST) could 

be measured directly from the ground or indirectly from the 

space through satellites. MODIS satellite is one of the most 

widely platforms providing LST data for the entire globe. 

MODIS LST data product, which is provided in 1 km gridded 

composite images have been widely used to delineate local 

and regional changes of land temperatures (Keramitsoglou et

al., 2011; Williamson et al., 2014; Nguyen et al., 2015, 
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Introduction

Land use/land cover (LULC) of the earth’s surface are 

dynamic as a result of natural factors and/or anthropogenic 

activities. Remote sensing techniques provide effective tools 

for mapping and monitoring LULC change. Information 

obtained by remote sensing can cover wide geographic extent 

at lower or even no costs than traditional ground surveys 

(Martin and Howarth, 1989). Studies on LULC change should 

investigate one or more of the following (Lambin, 1997): the 

nature of the change, the driving forces of the change and the 

consequences of the change.  the LULC classification and 

surveys using remote sensing have been conducted 

successfully in several areas (Yuan et al., 2005; Hereher, 

2014a). The magnitude of change can be addressed by 

analyzing multi-temporal satellite images. To obtain accurate 

change detection results, the satellite images should have the 

same spatial, spectral, radiometric resolutions. Images should 

also be acquired in the same anniversary dates and at the same 

atmospheric condition (Lillesand and Kiefer, 2000). The most 

utilized sources of remotely sensed data operated for change 

detection are acquired from the Landsat Multispectral Scanner 

(MSS); Thematic Mapper (TM); Enhanced Thematic Mapper 

Plus (+ETM), SPOT and MODIS (Abd El-Kawy et al., 2011; 

El-Asmar and Hereher, 2011; Klein et al., 2012; Disperati et

al., 2015; Muster et al., 2015). Several change detection 

techniques using satellite images have been reported in the 

literature (Singh, 1989 & Lu et al., 2004). The most common 

techniques are either pre-classification or post-classification 

approaches (Lunetta and Elvidge, 1998). The post-

classification comparison method is applied after clustering 

pixels of an image. It is considered the most accurate scheme 

utilized to delineate changes in multi-temporal images. This 
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Abstract

The desert region north of Hail city, KSA is a natural 

depression in the intersection between the basement rocks of 

the Arabian Shield and the AnNafud Sand Sea, where 

geologic conditions allowed for reserving substantial supplies 

of groundwater. During the past three decades, the region 

witnessed an expansion of one of the largest agricultural 

landscapes in Saudi Arabia in Baqa’a plain, north of Hail city. 

Although this change in the land use has consequences on the 

socio-economic level, it could also impact the environmental 

conditions of the region. The main objective of this study was, 

therefore, to monitor the changes in the cultivated land area 

with determining the ramification upon the regional land 

surface temperatures (LST) using remote sensing. Satellite 

images were utilized to perform this relationship using a 

coupling of Landsat data and images from the Moderate 

Resolution Imaging Spectroradiometer (MODIS) satellite. 

Landsat data were acquired in three dates (1987, 2003 and 

2013) to monitor changes in cultivated land area, whereas 

MODIS images were downloaded for two years (2003 and 

2013) in the basis of one image each 16 days each year in 

order to compare the change in LST for the two years. Results 

showed that cultivated land area doubled between 1987 and 

2013 and the greening in the area has been accompanied by a 

net decrease in regional land surface temperatures by 0.66 C

between 2003 and 2013. The study asserts on the role of 

cultivation of desert regions on abating the issues related to 

the global warming.

Keywords: LST; Hail; Remote sensing; Vegetation 
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Abstract

The urban heat island (UHI) effect is the most obvious 

atmospheric modification related to urbanization and 

development. During the past twenty years, the Gulf 

Cooperation Council (GCC) states (KSA, Kuwait, Bahrain, 

Qatar, UAE and Oman) have witnessed tremendous urban 

developments and urban expansions. At the same time these 

countries are experiencing some of the highest rates of 

economic growth in the world accompanied by accelerated 

living standards due to the huge reserves of oil production and 

refining processes. The present study aims to delineate the 

urban heat island effect of the major cities in the GCC during 

the last two decades. Thermal infrared data from 736 images 

covering the period 2003-2018 were utilized to highlight the 

nighttime land surface temperature (LST) trends. Images were 

acquired from the Moderate Resolution Imaging 

Spectroradiometer (MODIS) on-board the Aqua satellite on 

the basis of 8-day composite imaging. LST measurements 

were conducted within the city centers for the nighttime 

images. It is observed that Dubai and Doha cities have a 

considerable warming and nighttime trends give more 

indications on UHI effects. MODIS data proved to be 

sufficient for giving an insight overview for the warming of 

the urban environment in the Gulf region.    


















