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Abstract 
 

The land is a primary natural resource and is essential for human practice and life on earth. Improvement of land use and land cover is 

very much helpful to policymakers, city planners and for the sustainability of urban ecosystems. The urbanization process (urban growth 

and sprawl) is one of the important prime factors of land cover/use change, and it is related to the growth and increase of populations and 

economic activities. This study aims to assess the urban growth and sprawl in South Ghor, Jordan. Supervised classification techniques 

were applied for LULC classification using four Satellite images (1972, 1989, 1999 and 2016). The land was classified into four catego-

ries agricultural land, pastures and bare land, urban area and water bodies. The supervised classification techniques show that urban area 

and agricultural land have increased while water bodies and bare land have decreased. They also show the rapid urban growth and sprawl 

in the study areas. 
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1. Introduction 

The land is very primary natural resource and is essential for hu-

man practice and life on earth [1]. Recently and despite its im-

portance, people are using it randomly. At present, the increase 

and development in human activities and population led to in-

creasing the demand for land resources and soil for urban, indus-

trial, and agriculture practices [2-4]. The land cover indicates the 

physical features of the Earth's surface like soil, vegetation, water, 

hills, woods, and others [5-7]. Land use indicates changes created 

by anthropogenic activities [4, 8-9]. Understanding land use and 

land cover change are vital for determining the present scenario 

and for the administration of natural resources and, hence, ad-

dressing the environmental problem [10-11]. These changes in 

Land use/cover produced several issues like the build-up of urban 

heat, excess runoff and other ecological problems. Improvement 

of land use land cover is very much helpful to policymakers, city 

planner and for the sustainability of urban ecosystems [12]. 

The urbanization process (urban growth and sprawl) is one of the 

important prime factors of land cover/use change, and it is related 

to the growth and increase of populations and economic activities. 

However, it is complicated to present a particular proper descrip-

tion of urban growth and sprawl that satisfies all the urban plan-

ning research community [13]. Urban growth, mainly the move-

ment of commercial and residential land to rural regions at the 

periphery of town areas has long been recognized as a sign of 

regional economic vitality. But, its advantages were increasingly 

balanced beside ecosystem impacts, including degradation of wa-

ter and air quality, loss of pastures land and forests, and socioeco-

nomic influences of economic disparities, infrastructure costs, and 

social fragmentation. All the researchers recognized that urban 

environments are most active in nature [14-15]. 

Information that is related to the land use /land cover changes and 

urban growth studies is very beneficial to urban planners, local 

government and decision makers in order to inform plans on sus-

tainable development in the future of each area [16]. The urban 

sprawl extension in the indefinite landscape time describes the 

urban sprawl as a pattern, whereas the change of urban sprawl 

patterns in a landscape in various time periods describes the urban 

sprawl as a process [17]. However, both definitions of urban 

sprawl process and urban sprawl pattern can be involved in one 

phrase „„urban sprawl‟‟ [18]. Moreover, the uncontrolled and dis-

persed population growth is considered as the significant factor of 

urban sprawl and most of the urban spatial problems [19-20]. 

http://www.sciencepubco.com/index.php/IJET
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Nowadays, urban sprawl is being introduced as one of the crucial 

urban development processes. The case of urban development has 

an extensive range of concepts and combines the general and 

comprehensive processes. The urban development operation 

should be debated based on its historical events and active factors 

such as economic and social factors over time. During the previ-

ous two centuries, we observed the expansion of huge cities and 

the growth of the area under their spatial impact. This operation in 

many homelands has been this trend: the change in the pattern of 

life of inhabitants caused the development of new urban regions 

[21]. 

The geographic information system and remote sensing technique 

make it possible to study the change in LULC [22]. The data rec-

ords that are based on remote sensing records data might be useful 

and valuable especially in developing countries where up-to-date 

and dependable spatial information is lacking [23]. In previous 

years, records from remote sensing satellites have become active 

in the earth's features for mapping and presenting accurate report 

about LULC features [24-25]. Geographic Information System 

techniques (GIS) presents suitable methods of analysis of the land 

use/land cover issues, with tools for modeling made possible by 

Gis, in addition to and land use planning to study the changes in 

land cover with low cost, less time and better accuracy [26-27]. 

Interpretation of satellite data facilitates the useful estimation of 

water resources, water cultivation, land degradation, forestry, 

geomorphological conditions and other issues correlated to the 

environment and climate change [28-29]. The Remote sensing 

techniques combined with Geographic Information System (GIS) 

have been accepted as active and powerful tools for discovering 

the spatial and temporal changes of the earth‟s features at various 

scales [30-32]. 

Hence, in the current scenario, it has become necessary to inte-

grate remote sensing and GIS techniques into management and 

urban planning. The patterns of urban sprawl over separate time 

periods can be systematically observed, mapped and accurately 

evaluated from satellite data with conventional ground data and 

proper image processing techniques [33-34]. 

Recently, studies on urban growth and expansion have been done 

by several scholars, mainly by using GIS and remote sensing 

techniques. In [42] studied the urban land expansion and environ-

mental changes using GIS and remote sensing techniques that 

have occupied central place in China for the last decades, owing to 

rapid urbanization. In [35] examined the urban growth of Iranian 

cities. A Shannon‟s entropy calculations and post-classification 

method were adopted [18] with a supervised classification by 

using maximum likelihood method [35]. In [36] have used various 

Landsat images of different time periods (1975, 1989 and 2000) 

and Shannon Entropy Approach for Assessment of Urban Growth 

in Jaipur, INDIA [36]. In [42] have simulated the urban growth 

according to statistics taken out by three land use maps of the 

Kathmandu City by using GIS. According to them, land use 

measurements and transition matrices are essential information to 

examine the changes in land use. Remote sensing techniques and 

GIS have been used by [43], in the Bir El Djir Municipality, east 

of Oran, Algeria for evaluating the urban expansion and land use 

land cover changes during the period 1987 to 2014. 

In [37] have evaluated urban expansion and land change of Shijia-

zhuang, China. It used the survey of China‟s topographic map of 

the year 1981, multi-temporal city maps and two scenes of satel-

lite multi-spectral images for evaluating the temporal and spatial 

characteristics of urban expansion from 1934 to 2001 and the land 

use/land cover change between 1987 and 2001. In [13] have car-

ried out a study on the patterns of urban developments of the capi-

tal of Libya, Tripoli. Based on Four satellite imageries, population 

censuses and Shannon‟s entropy technique from 1986 to 2010 a 

period covering 26 years, they found that the urban area has large-

ly increased with urban sprawl due to the uncontrolled population 

growth and construction of new buildings in agricultural and vege-

tation lands. In [38] carried out a study for the assessment of urban 

sprawl in Karachi town, Pakistan. They noted that the Karachi city 

had experienced meaningful changes during 1991 to 2000. The 

analysis also displayed that changes in the urban pattern have 

resulted in the loss of forest area, open areas, etc. In [44] presented 

an integrated method of remote sensing and GIS techniques for 

analysis of urban sprawl Pattern in Tiruchirappalli district, Tamil 

Nadu State. 

In India, between the year 1998 and 2009, in [47] have used recent 

and readily available satellite data of IRS LISS III (2000, 2006 

and 2009) and Google‟s earth image for evaluating the urban 

growth and their spatial changes during the last decade of Da-

vanagere city in Karnataka State, India. In [45] have carried out a 

study to evaluate land use/land cover changes and urban develop-

ment in Bangladesh capital, Dhaka between 1975 and 2003 using 

socio-economic data and satellite images. 

In [39] have carried out a study to monitor urban expansion in the 

Jordan capital, Amman. Remote sensing and geographic infor-

mation systems techniques (GIS) have been utilized to examine 

the impacts of urbanization on arable lands and to quantify the 

urban extension of Amman area; the study revealed that the urban 

area was expanded by 162 km2 over the years 1918–2002, which 

represents 509 times the previous urban area.  

In [40] have carried out a study to evaluate the urban expansion in 

Jordanian cities. Remote sensing and GIS techniques were utilized 

in this task to determine and estimate the development of urban 

spaces in three Jordanian towns: Amman, Madaba and Irbid. The 

study showed that the rapid urbanization and industrialization 

process has caused not only social problems but also environmen-

tal and socioeconomic problems in Jordanian cities. A survey 

carried out by [46] on the city of Irbid, Jordan evaluated the influ-

ence of contemporary urbanization on the destruction and degra-

dation of the city‟s heritage. It used spatial analysis methods in 

GIS, e.g., 3D modeling, which focused on evaluating the modern 

shape of the urban way close to features of heritage. In [48] have 

carried out a study to examine the urban increase vis-a-vis, social 

factors and contemporary urban planning matters the city of Am-

man, Jordan. However, little studies have assessed and examined 

the urban growth and sprawl of Jordan [41]. The main objective of 

this study is to analyze and assess the urban growth and sprawl, 

and its patterns in south Ghor, Al-Karak province, Jordan from 

1972 to 2016 using GIS and remote sensing techniques. Mainly, 

this study examines and assesses the urban development and 

sprawl occurring in south Ghor, according to an analysis of the 

relationship between population growth and urban development. 

2. Materials and Methods 

2.1. Study Area 

The study area, South Ghor regions, Al-Karak province, Jordan 

extends approximately between 31° 00′–31° 25′ N and 35° 25′–

35° 35′ E (Figure 1), in south Jordan along the Jordanian-

Palestinian border. The climate of south Ghor regions is dry, with 

hot summers and moderate winters. The summit temperature 

reaches 48 °C in the summer, while the winter temperature is 20-

25 °C. The topography of south Ghor is flat, with a lot of moun-

tains that surround it from the east side (Jordanian side) and west 

side (Palestinian side) with small to medium sized hills. South 

Ghor has a lot of scope for development and urban growth. South 

Ghor has a population of about sixty thousand; with population 

growth is relatively high within the region. Many pastures and 

bare lands have become urban and it is even expected that this 

change would continue to increase. 
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Fig. 1: Study area in South Ghor region, Al-Karak, Jordan 

2.2. Database Design 

Sets of multi-temporal and spectral remote sensing images were 

classified to determine the land use/land cover changes and the 

urban growth of South Ghor area. Four satellite images were ac-

quired in 1972, 1989, 1999 and 2016 respectively. The images 

were in the same vegetation season with a cloud cover of 0 %. 

Moreover, data such as population‟s census and topographic maps 

were utilized for referencing purposes and for analysis. The imag-

es have a spatial resolution 30m so that their spatial resolution 

matches the smallest resolution imagery. Various techniques were 

utilized to solve a few problems in the images, which contained 

some distortions. Details of the supporting data and remote sens-

ing data are shown in Table 1. To produce various thematic map 

layers, like, Al-Karak administrative boundary map, roads and 

administrative boundary map using the topo-sheets and other 

available maps ArcGIS software (ESRI) were used. 

 
Table 1: Data used in the study 

Satellite images Resolution Year 

Landsat TM 30 1972 

Landsat TM 30 1989 

Landsat TM 30 1999 

Landsat TM, ETM 30 2016 

Supporting data 

Topographic map 1:25,000  

Supporting Jordanian censuses  1972 to 2016 

2.3. Methodology 

The methodology procedures include four prime steps. The first 

step is image processing through enhancement and geo-

referencing. The second step is to define the current land use/land 

cover categories, and the third step is to classify images under 

supervised classification techniques by using maximum likelihood 

method. The last step is to study the direction and extent of urban 

growth from the period 1972 to 2016. Finally, relative and abso-

lute Shannon‟s entropy approach was applied to recognize the 

urban growth patterns in the study region. Furthermore, the 

change percentage of Shannon‟s entropy values was measured to 

understand the urban sprawl process. 

3. Results and Discussion 

3.1. Land Use/Cover Changes 

Four land use/land cover categories provided by the classifications 

method in the study region, agricultural land, pastures and bare 

land, urban area and water bodies. Table 5-7 and Figure 5-7 in-

clude data that shows that both adverse and positive changes oc-

curred in the land use/cover types of the South Ghor region. Dur-

ing the last four decades, the pastures and bare land have reduced 

from 53.60% (20072.2) hectares in 1972 to 50.22% (18806.1) 

hectares in 1989 to 44.67% (16728.7) in 1999 to (16761.4) in 

2016 which accounts for 44.76% of the total area in the study 

region. The urban area has increased from 0.77% (289.8) hectares 

in 1972 to1.38% (515.7) hectares in 1989 to 2.96% (1107.99) 

hectares in 1999 to (1802.52) hectares in 2016 which accounts for 

(4.81%). 

The agricultural areas in the study region have expanded from 

3.30% (1239.12) hectares in 1972 to 8.94% (3347.82) hectares in 

1989 to 10.78% (4033.35) hectares in 1999 to (4765.86) hectares 

in 2016, which accounts for (12.73%) of the total area in the study 

region. The water bodies of the study area have changed from 

42.31 %( 15842.5) hectares in 1972 to 39.46% (14776.7) hectares 

in 1989 to 41.60% (15576.7) hectares in 1999 to (14116.9) hec-

tares in 2016 which accounts for (37.70%) of the total area in the 

study region. These figures and tables reveal the changes for the 

various land categories in south Ghor region through the last four 

decades. 

 

 

 
Fig. 2: Multi-temporal images classification for years 1972, 1989, 1999 

and 2016 in South Ghor, Jordan 

 

 
Fig. 3: Diagram for the rate change (%) and by hectares at every study 

period 

 

Fig. 4: Rate change *(100%) at every study period for every class accord-

ing to origin area for each class 
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Table 2: Area change and rate by hectares at every study period

 1972 1989 1999 2016 Total change 1972-2016 

Area Rate Area Rate Area Rate Area Rate Area Rate 

Urban area (hec) 289.8 0.77 515.7 1.38 1107.9 2.96 1802.5 4.81 1512.72 4.04 

Agricultural land 1239.12 3.3 33478.2 8.94 40333.5 10.78 4765.86 12.73 3526.74 9.42 

Water bodies 15842.5 42.31 14776.7 39.46 15576.7 41.60 14116.9 37.70 1725.76 4.61 

Pastures and bare land 20075.2 53.6 18806.1 50.22 16728.7 44.67 16761.4 44.76 3313.80 8.85 

 
Table 3: Rate change *(100%) at every study period for every class according to origin area for each class

 Rate Change 1972-1989 Rate Change 1989-1999 Rate Change 1999-2016 Total Change 1972-2016 

Urban area (hec) 0.78 1.15 0.63 5.23 

Agricultural land 1.70 0.20 0.18 2.85 

Water bodies -0.07 0.05 -0.10 -0.11 

Pastures and bare land -0.06 -0.11 0.003 -0.17 

 

3.2. Urban Growth and Expansion in South Ghor 

The interpretation of the classified images showed in Figure 2, 5 

and 6, the dispersion of urban sprawl, the urban development pat-

tern of each district, the range of urban regions, and so on, can be 

determined and noticed easily. The classification outcomes pre-

sented simplified, clear and accurate optical maps of the South 

Ghor region, which looked like a meaningful indication of urban 

sprawl patterns and urban range. 

Over the past 40 years, the urban growth and expansion process of 

South Ghor experienced some of the very crucial changes and 

evolution.  

The results prove that there is a remarkable massive concentration 

scale of urban areas in the regions of South Ghor. Additionally, 

the areas of urban lands were estimated for each study periods by 

classified images shown in Figure 2, 5 and 6.  

The results revealed the concentration of urban areas at every 

period. The new urban expansion and sprawl concentrated around 

the main transportation routes and water resources in the South 

Ghor regions.  

Then it began to get the other directions to different parts of the 

region transportation routes and water resources in the south Ghor 

regions. Then it began to get to the other directions and to differ-

ent parts of the region. 

 

 
Fig. 5: Trends of the urban growth and expansion in South Ghor every 
study period 
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Fig. 6: Trends of south Ghor urban Growth and sprawl in the period from 

1972s to 2016 

 

 
Fig. 7: Development of South Ghor urban area (hec) from 1972 to 2016 

3.3. Urban Area and Population Growth 

The population data in Table 4 show that high population growth 

in South Ghor that appears between 1972 and 2016. The principal 

reasons are ascribed to the large increase in birth rates, migration 

flows to South Ghor from other regions. 
The urban growth and sprawl resulted from the hurried growth of 

the population in South Ghor. Census data indicate that the popu-

lation of South Ghor stood at 13843 in 1979. Now, it has reached 

61121in 2016 with an annual growth rate of 9.32% during 1979–

2016. Reasonably, this growth in the population of South Ghor 

has contributed to increasing pressure on the area‟s poor resources 

and to the socioeconomic development of urban areas. Table 5 

obviously shows that the increase is absolutely related to popula-

tion growth. 

 
Table 4: Population and number of buildings in south Ghor at different 
periods 

Year  Population  Buildings  

1972 6120 1221 

1980 13843 2308 

1989 21787 3633 

1999 30557 5150 

2010 43733 10273 

2016 61121 17920 

 
Fig. 8: Growth of South Ghor population in the period from 1972 to 2016 

 

 
Fig. 9: A historical description of the relationship between population 

growth and the number of buildings during the study period of south Ghor 

3.4. Shannon’s Entropy and Urban Areas 

Shannon‟s entropy is a known technique that is used as a sign of 

spatial dispersion, or concentration of urban area to a reference 

point; it can utilize several geographical variables. The method 

may show the trends and shape of spatial patterns; it is also an 

acceptable method, as it can be used to measure several spatial 

variables at GIS [49-50]. 

The entropy calculation considers that urban land is a divide in n 

zones and a variable X gets on a value Xi for any zone I 2 {1, 

2, ... , n}. Shannon‟s entropy computed as: 

 

                                                                     (1) 

 

Pi hither is the proportion or probability of the variable in i zone 

and is given by: 

 

                                                                           (2) 

 

The value of entropy Shannon ranges among zero, for a complete-

ly concentrated distribution, and log (n), for a completely dis-

persed distribution of X. Equation (1) represents what is under-

stood as absolute entropy. For the objective of such a study, zones 

are described as concentric spheres around the selected crossing of 

roads or around the area study center [50]. 

One can also apply the relative entropy including rates varying 

between 1 for total dispersion and 0 for complete concentration. 

Relative entropy as: 

 

                                               (3) 

 
Table 5: Shannon entropy values in south Ghor at different periods 

Year Relative Entropy Value 

1972 0.43 

1989 0.47 

1999 0.51 

2016 0.54 

 

 
Fig. 10: Buffers drawn to calculate Shannon‟s Entropy in South Ghor 

using the classified data 
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4. Conclusion  

South Ghor regions started from a small area near Al-Karak city to 

a large center. This led to several notable changes in the land 

use/land cover pattern. Urban development is taking place in all 

directions especially, with local roads being built to transport peo-

ple from one area to another. According to Jordan valley authority 

reports, a lot of residential and industrial projects have developed 

in the south of Ghor during the last years that have absorbed sev-

eral hundred hectares of land. Recently, the northern and southern 

part of south Ghor is rapidly transforming into residential settle-

ments. 

The study concludes that there is a notable and significant devel-

opment in urban spaces that have transferred from 289.8 hectares 

in 1972 to 1512.72 hectares in 2016. The primary cause of the 

increase in urbanization is attributed to the rapid growth of the 

population of south Ghor, which reached 61123 in 2016 from 

6120 in 1972. Up to date, the region of south Ghor is developing 

rapidly in terms of infrastructure projects, commercial areas, resi-

dential areas as well as industrial expansion. Its population is in-

creasing, outside and within the region‟s boundaries. 

The expansion of new residential structures led to de-shaping the 

structural pattern of the region. This obviously reflects the rich-

ness of south Ghor with regards to the urban area, which has re-

cently reached the phase of urban sprawl. Consequently, this poses 

significant challenges on public and privet authorities when 

providing services to the population, particularly those associated 

with the services sector, by way of example, water control, water 

supply and distribution; are under severe pressure. This reveals a 

terrible situation for local government, urban planners and deci-

sion makers alike. Dynamic planning and proper control of envi-

ronmental practices is an essential need; otherwise, urban devel-

opment problems may complicate further shortly. 
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