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للتحضر آثار عميقة على الحدود الإدارية ، مما أدى إلى توسع المناطق الحضرية ، ولا سيما في الأطراف. يؤدي هذا النمو السريع     :الخلاصة

في   كبيرة  تغييرات  طبيعية إلى  مناظر  إلى  تدريجياً  والطبيعية  الزراعية  المفتوحة  المناطق  تحويل  يتم  حيث   ، الأراضي  واستخدام  الأرضي  الغطاء 

 حضرية مكتظة بالسكان تتميز بالإسكان والبنية التحتية التجارية وأنظمة النقل.

مليون نسمة. أدى هذا التوسع غير المسبوق إلى ظهور   4.5سكانها  تواجه العاصمة الأردنية عمان نمواً حضرياً استثنائياً ، حيث يتجاوز عدد  

 مناظر حضرية واسعة النطاق ، مما يمثل تحديات للمخططين الذين يفتقرون إلى فهم شامل للتأثيرات واسعة النطاق.

ة حول أسباب التحضر وتسلسله  لمعالجة هذه التعقيدات واتخاذ قرارات مستنيرة ، يحتاج المخططون بشكل عاجل إلى معلومات شاملة ومحدث

وائم جرد  الزمني وعواقبه. يوفر دمج صور الأقمار الصناعية عالية الدقة وبيانات المعلومات الجغرافية والرؤى الطبوغرافية وسيلة واعدة لتطوير ق

 مناطق البناء والآثار المرتبطة بها.  شاملة للتغير والنمو الحضريين. تعمل هذه المعرفة كمورد حيوي ، مما يتيح إجراء تقييمات دقيقة لتوسيع

افية يمكن أن يوفر استخدام صور الأقمار الصناعية عالية الدقة الهندسية وبيانات المعلومات الجغرافية جنباً إلى جنب مع المعلومات الطبوغر

استكشافه يمكن  الذي  الحضري  والتغير  النمو  جرد  لتطوير  فعالة  معلومات  الجغرافية  المعلومات  لتغييرات    ونظام  للغاية  مهم  توقيع  إنتاج  أجل  من 

 . المنطقة

 

 

 

 

 

Abstract 

Urbanization has profound effects on administrative boundaries, resulting 

in the expansion of urban areas, particularly at the periphery. This rapid 

growth leads to significant changes in landcover and land use, as agricultural 

and natural open areas are progressively transformed into densely populated 

urban landscapes characterized by housing, commercial infrastructure, and 

transportation systems. 

The capital city of Jordan, Amman, faces exceptional urban growth, with its 

population surpassing 4.5 million people. This unprecedented expansion has 

given rise to extensive urban landscapes, presenting challenges for planners 

who lack a holistic understanding of the wide-ranging impacts. 

To address these complexities and make well-informed decisions, planners 

urgently require comprehensive, up-to-date information on the causes, 

chronology, and consequences of urbanization. Integrating high-precision 

satellite imagery, geoinformatics data, and topographic insights offers a 

promising avenue to develop comprehensive inventories of urban change and 

growth. Such knowledge acts as a vital resource, enabling accurate 

assessments of expanding built-up areas and their associated implications. 

The use of high geometric resolution satellite imagery and geoinformatics 

data combined with topographic information and GIS could provide effective 

information to develop urban change and growth inventory which could be 

explored towards producing a very important signature for the built-up area 

changes. 

 In this work, a non-linear modelling of an existing five-level building 

by SAP2000 V14 software was performed. After study and analysis, two 

techniques for reinforcing columns using composite materials based on carbon 

"CFRP" and based on glass "GFRP" were proposed. The results show the 

influence of composite materials on the strength of the building and on the 

delocalization of the plastic hinges from the columns to the beams.  
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1. INTRODUCTION 

 The world has experienced a dramatic growth of its urban population for over the last 50 years. In addition, the 

rate of the urban population growth is more than that of the rural population [41]. Urban population is estimated at 

7 billion in 2021 and is expected to rise to 10 billion by 2030” By then, almost two thirds of the world's 

population will be living in towns and cities. More importantly, the speed and scale of this growth have usually 

been concentrated in developing countries which are characterized by larger metropolitan areas and great number 

of mega cities. 

Urban sprawl may also be defined as the scattering of new development on isolated tracts, separated from other 

areas by vacant land. It is also often described as leapfrog development as observed in all the major cities across 

the world. Urban sprawl has been criticized for inefficient use of land resources and energy and large-scale 

encroachment onto agricultural lands. There are many problems associated with fragmented conversion of 

agricultural land into urban use. 

Cities are expanding in all directions resulting in large-scale.  

urban sprawl and changes in urban land use. With the development and infrastructure initiatives mostly around the 

urban centers, the impacts of urbanization and sprawl would be on the environment and the natural resources. 

According to misuse of urban land along with urban sprawl improperly concentrating activities in one region and 

leaving much waste land, results in environment deterioration problem (e.g. increase of air and water 3 pollution), 

traffic congestion, shortages in urban services and facilities, and major problems of urban poverty (e.g. lack of 

housing security, limited opportunity for education).  

The spatial pattern of such changes is more clearly noticeable on the urban fringes or city peripheral rural areas, 

than in the city center. Inadvertently this results in an increase in the built-up area and associated changes in the 

spatial urban land use patterns. 

This urban expansion causes loss of productive agricultural lands, other forms of greenery, loss in surface water 

bodies, reduction in ground water aquifers and increasing levels of air and water pollution. Further, it is widely 

agreed that fragmentation of land use is also harmful to biological conservation. There has been lot of debates on 

how to confine urban sprawl and conserve agricultural land resources. There is a demand to constantly monitor 

such urban changes and understand the processes for taking effective and corrective measures towards a planned 

and healthy development of urban areas. 

More than 62% of the world population lives in urbanized areas. Recent developments of population growth, 

urban regional migration, and increasing ecological problems require advanced methods for city planners, 

economists, ecologists, and resource managers to support sustainable development of these fast-changing regions. 

To make intelligent decisions and take timely and effective action, planners need extensive, comprehensive 

knowledge about the causes, chronology, and effects of these processes. 

In recent years, cities all over the world have experienced rapid growth because of the rapid increase in world 

population and the irreversible flow of people from rural to urban areas. Specifically, in the larger towns and cities 

of the developing world the rate of population increase has been constant and nowadays, many of them are facing 

unplanned and uncontrolled settlements at the densely populated sites or fringes. To prevent from such occasions 

urban planners, need detailed updated data for thorough planning and management. However, most city planners 

have a lack of such data and often they possess old data which is not relevant for current decision making. Even if 

they do not hold a detailed updated data of the city area a regularly updated data with an acceptable accuracy can 

at least give them an impression about the changes in the city area [23] 

While the global population has grown dramatically during the last century, we also have witnessed a ‘population 

implosion’: the unprecedented concentration of humans into urban areas around the globe. Since 1800 the number 

of urban dwellers has jumped by a factor of 100 to 2.5 billion individuals, or nearly one-half of the world’s 

population (Figure 1). Once confined to the industrialized regions of Europe and North America, the trend is now 

global, with cities in developing nations growing by up to 7% per year. For this reason the global change that most 

of Earth’s inhabitants will experience during the next decades may well be dominated by the changing 

demographic, economic, and environmental conditions of the world’s cities, rather than by comparatively subtle 

shifts in climate. 
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Figure 1 Increase in urban population by country, 2014, 2050 (source: UN). 

 

From a broader perspective urbanization is just one of many ways in which humans are altering the landcover 

of the globe. Most of these landscape transformations occur within a regional context, but the specific, year-to-

year changes occur at local scales, often distributed in a seemingly random pattern. Although these human 

induced land transformations may seem of relatively minor impact considered against the vast reaches of the 

planet, these changes are estimated to have significantly altered more than 80% of the Earth’s land area over the 

last several centuries. 

 

Of critical importance is linking these observed changes in landcover to the driving socio-economic or 

environmental origins. In particular, the geography of urban growth offers a graphic depiction of the interplay 

between economics, political systems, and the environment. While the growth of cities may appear inexorable and 

monolithic, it reflects a multitude of conscious choices made by individuals and institutions reconciling these 

competing factors for their own ‘best interests’. The sum of these choices appears as the suburbs, shopping 

complexes, and industrial centers that now populate the globe. It is also true that urban development usually does 

not follow any simple plan. Early urban growth models based on the steady outward expansion from an intact 

urban core have yielded to a reality that is far more varied and complex. The spatial organization of cities varies 

widely, and in part reflects the culture and economic standing of the host region. Viewed through time, urban 

areas rarely remain static and changes in urban infrastructure, the reallocation of capital, and land conversion can 

all alter the fabric of the urban plan. 

 

Taken in sum the modern urban plan looks less like clockwork, and more the result of a complex, dynamic 

system, responding to competing forces. 

Assessment and monitoring of urbanization and other localized land transformation is exceptionally difficult at 

regional and global scales [29]-[35]. For some regions of the world, where sophisticated government agencies 

maintain accurate records for taxation and development purposes, it is often possible to extract at least region-

level statistics. However, even in these cases there is rarely specific geographical information to support such 

figures. In many regions of the world there are no regionally accurate figures on land transformations. This 

information simply is not gathered, or even when gathered, made publicly available. 

 

One technology which offers considerable promise for monitoring landcover change is satellite remote sensing 

and aerial photographs. This observation technology provides globally consistent, repetitive measurements of 

earth surface conditions relevant to climatology, hydrology, oceanography and land cover monitoring. One 

mission in particular, the Landsat series begun in 1972, was designed and continues to operate with the objective 

of tracking changes in landcover conditions. The high spatial resolution and regular revisit times of the Landsat 

mission are well suited to studies of regional, national, and global urbanization. While census data provide a 

statistical view of demographics and economics, the actual spatial patterns of urban infrastructure only emerge 

from remotely sensed imagery. Furthermore, the frequent revisit times of satellite sensors constantly update our 

view of the urban landscape, creating a detailed time-series of urban growth. Rather than simply showing the 
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gross change over a long period, these satellite time-series can record the variability of urban development in 

space and time, thus permitting a rigorous comparison with economic and demographic data. Jordan, as many of 

the developing countries has a problem with the urban expansion and the growth of population in the main cities 

especially in the capital Amman. For example, over the last decades Amman, the capital city of Jordan has 

significantly expanded due to different development activities and migration of people after the Gulf wars in 1990 

and in 2004. Various changes have been and are being occurred in the city but there are no regularly updated 

urban data to indicate those changes. 

 

2.    STUDY AREA AND POPULATION OF AMMAN 

2.1. Population of Amman 
Amman has growth rapidly through a combination of natural population increase, rural-urban migration, influx 

of migrant labors and Palestinian settlement. Following Israeli occupation of the West Bank of Jordan, many 

Palestinians settled east the river of Jordan and were further bolstered by 300000 leaving Kuwait after the Gulf 

War. Combining with very high rates of natural population with in-migration the population of Jordan has risen 

dramatically between 1954 and 1994. About half of the population live within the urban area of Amman and its 

satellites towns Zarqa and Suwaileh. The rapid growth of a low-density city has not only changed the balance of 

urban-rural population but has consumed land which is capable of sustaining rain-fed agriculture which is a rare 

commodity in Jordan. 

Water demand has increased with population and has required ground water to be exploited and pumped to 

Amman. 

 In general, it should be interesting to study the urban growth in the capital city comparing the growths occurred 

before 1990 with the changes occurred after this date. 

2.2. Study Area 
Amman is located on the undulating plateau that makes up the north-west of Jordan (see Fig. 2 and Fig. 3 for a 

general location map). The original site of the city occupied seven hills or ‘jabals’ around the Wadi ‘Ras el Ain 

which flows north-east from the plateau toward the river Zarqa basin (see photograph Fig. 3). The original central 

part of the city was at an altitude of between 725 and 800 m. Expansion of the city in the past 30 years has 

resulted in the occupation of some 21 hills in total with an altitudinal extension to 900 m and above. The 

topography of the city consists of a series of steep hills and deep and sometimes narrow valleys. Most of the 

districts of Amman take their names from the jabals (mountain) on which they are situated. While initially 

development was principally on the upper slopes and crests and the lower slopes of this hill–valley system, the 

upsurge in urban development over the last 60 years has seen extensive development on the frequently steeper 

mid-slope locations (see Photograph 1). Fig. 4 
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Figure 2 Map of Jordan from Google. 

 

 

 
Figure 3 Amman urban expansion with time: general location map from Municipality of Greater Amman 

(2010). 



 

 

  Wasit Journal of Engineering Sciences.2023, Special Issue                                                                                                  pg. 51 
 

 
Figure 4 Amman: Wadi Ras el Ain from Municipality of Greater Amman (2010). 

  

3. Urban Growth Systems 
Urban development is one kind of emergent phenomenon of urban system, which is very complex and hard to 

measure. 

 

3.1. Urban growth 
Urban growth indicates a transformation of the vacant land or natural environment to construction of urban 

fabrics including residential, industrial and infrastructure development. It mostly happens in the fringe urban 

areas. This process can be regarded as the spatial representation of the economic structural shift of labor away 

from agricultural to industrial-based activities. Crucial to this shift are the output gains associated with resource 

transfers from the low-productivity agricultural sector to the high productivity industrial sector (Kam.Wing.Chan 

1994). 

From systematic view, we can divide urban growth into spontaneous and self-organization process. 

Spontaneous growth results in a homogeneous and sparse spatial pattern, which contains more random 

components, whereas self-organizational growth result in spatial agglomeration pattern, which is 

combined with more socio-economic activities. Clearly, urban growth is one complex spatial changing 

phenomenon in urban system. 

3.2. Urban growth 
Modeling urban growth aims to support urban development planning and sustainable growth management. 

Scientific planning and management must be based on the proper understanding of the dynamic process of urban 

growth, i.e. from past to present to future. Such understanding enables planners to experimentally simulate "what-

if" decision making  

Cities can be understood as complex systems considering their intrinsic characteristics of emergence, self-

organizing, self- similarity, and non-linear behavior of land use dynamics. As a result of the operation of complex 

urban system, there exist some spatial processes, like urban expansion, urban pattern change, land use conversion, 

urban population growth, social development, economic development, etc [1]-[3]-[3]. 

Among all these items, some are presented as spatial and temporal changes 

3.3. Projection of Complexity in Urban Growth 
Urban growth consists of the various scales of new projects. Large-scale projects are characterized by heavy 

investment, long-term construction and the number of actors involved; examples include airports, industrial parks, 

and universities. By contrast, small scale projects are characterized by rapid construction, light investment, and 

few actors; examples can be a private house and a small shop. Urban growth results in various land uses with 

different levels of social, economic, and environmental values. This is a higher dimension of heterogeneity, 
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indicated in the attributes of spatial objects. New development units are the spatial entities carrying heterogeneous 

social, economic, and environmental activities [13]-[17]-[21]. 

 

3.4. Spatial Complexity 
A frequently cited shortcoming of GIS and most spatial analysis tools is their difficulty in dealing with dynamic 

processes over landscapes. This is not because of a lack of people thinking about dynamic processes in space, nor 

is it from a lack of talent or technology.  It has more to do with the fact that space is inherently complex, and 

dynamic processes often become complex when they are regarded in a spatial context. As a result, the first step to 

spatial modeling is to recognize the spatial complexity in the study. Spatial complexity may include spatial 

interdependence, multi-scale issues and structural or functional complexity [4]-[2]-[11]. 

Spatial dependence is defined as a functional relationship between what happens at one point in space and what 

happens at a neighboring point. In urban growth, spatial dependence is indicated by the impacts of neighboring 

sites on land conversion of any site which is the result of a causal relationship among neighboring entities, e.g. 

interaction. The impacts can be twofold: positive (stimulation) or negative (constraint) from three systems. 

Examples of positive impacts may include transport infrastructure or developed urban area; in particular fringe 

growth is highly dependent on transport infrastructure. Examples of negative impacts may be steep terrain (slope) 

and non-developable land such as deep lakes. The complexity lies in the following facts: 

- The impacts are determined by an unknown number of factors and their spatial relationships are non-linear. 

- The intensity of spatial dependence or neighborhood size is spatially and locally variable. 

- Land conversion includes probability (occurred or not), density (scale), intensity (floor number), function 

(land use) and structure (shape or morphology); each may have distinguished spatial dependence [37]-[10]-[16]-

[15]. 

Urban growth involves several hierarchical structures. In the spatial dimension, U includes different levels of 

shopping centers and road networks; system N includes different levels of ecological units; system P contains 

different levels of urban planning (general plan, district plan and zoning plan). As a result, urban growth G may be 

related to more complex spatial hierarchies as interacting with three systems. Urban growth involves both; 

structure is more linked with pattern and function rather than with process. 

The representation or semantics understanding of a spatial system is diverse. The spatial representation of 

structure and function may influence the spatial understanding of urban growth pattern and process. Its complexity 

lies in the following: 

- The self-organized process of urban growth has complex spatial representation and understanding. 

- The interaction between pattern and process is dynamic and non-linear. 

 

3.5. Temporal Complexity 
Urban growth means only increasing the number of new units transformed from nonurban resources. Urban 

growth is largely controlled or impacted by its economic development scale and environmental protection 

strategy. Or rather it is controlled by the systematic coordination between the three systems. For example, when 

system N is not influential and strong, more agricultural land might be lost. Economic development is not 

predictive, in the long term, due to numerous uncertain factors. The nonlinearinteractions between the three 

systems lead to a non-linear curve of urban growth [22]-[25]. 

 

3.6. Decision-Making Complexity 
Decision-making complexity is indicated in the unit and process of decision-making, and actors or decision-

makers. The decision-making unit and process of large-scale projects are relatively more complicated than those 

of small-scale ones. They involve more actors or decision-makers. However, a small building only needs the 

decision-making of one private developer. Large-scale projects are limited in quantity and their decision-making 

is more certain and well planned if compared with others. The latter are large in quantity and their decision-

making is more uncertain, dynamic and less organized. However, the collective behaviors of small-scale projects 

can be emergent, which are controlled or guided by various management and urban development policies. From 

the perspective of self-organizing theory, all of these small-scale and large-scale projects are spatially and 

temporally self-organized into an ordering system. The decision-making behaviors of different functions of 

projects are also disparate, e.g. commercial and residential. 

 4. Methodology 
In this study we will present and apply a methodology for the use of the latest computing and information 

technology trends (Geographic Information Systems (GIS), combined with  High Geometric Resolution Remote 
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Sensing (RS) Satellite imagery , photogrammetric techniques  in urban planning, in order to be able to accurately 

simulate and model the urban sprawl phenomena in developing countries in general and more precisely in the 

Jordanian context and thus assess the effect of such urban expansion [26]-[28]-[34]-[9]. 

Land use/cover patterns for 2010, 2015 and 2020 were mapped by the use of Multi-date Landsat Thematic 

Mapper (TM) data, SPOT XS and panchromatic images, aerial photographs, Topographic maps scaled 1:50000, 

Geologic maps scaled 1:100000, Soil maps scaled 1:50000 and field information about the study area have been 

collected from several resources such as Royal Jordanian Geographic Center (RJGC), Ministry of public works, 

Natural resource authority [27]-[39].  

Landsat thematic mapper and SPOT XS images have been corrected (Image to Map), as follows: 

• Four sheets of topographic maps scaled to 1:50000 are used to cover the entire study area, these sheets 

are called Amman, Sahab , Swaileh , Al-zarqa and they are  used as a reference for the image correction. 

• Polynomial interpolation using 42 ground control points to get the relationship image-map  

• Corrected image is then derived by a resampling process 

Features has been enhanced by radiometric correction of Spot XS and Landsat images SPOT XS and 

panchromatic images are combined by geometric correction and resampled to derive 5-m resolution SPOT XS 

images [34]-[32]-[30]. 

The geometric center of Greater Amman is defined as the intersection point between Princess Basma Street and 

Wadi Abdoon Street (35°54’ E and 31°56N) 

 

 

 
Figure 5 Amman: Geometric center of Greater Amman location map from RJGC (2007) 

 

Nine land use and land cover types are identified and used in this study, including:[19]-[28]-[19][20]. 

(1) Water area, (2) Built-up area, (3) Cultivated areas, (4) Woods , brushwood , scrub areas, (5) Distorted 

surface, (6) Quarry or mines, (7) Grassy  areas,  (8) plowed areas , and, (9) Cemeteries . With the aid of Erdas 

Imagine computer software, each image was enhanced using histogram equalization (in order to gain a higher 

contrast in the ‘peaks’ of the original histogram) to increase the volume of visible information. This procedure is 

important for helping identify ground control points in rectification [38]-[40]. 

As previously stated, all images are rectified to a common UTM (Universal Transverse Mercator) coordinate 

system based on the 50 000 topographic maps of Greater Amman. Each image was then radiometrically corrected 
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using relative radiometric correction method (Jensen 1996). A supervised classification with the maximum 

likelihood algorithm was conducted to classify the Landsat images using bands 2 (green), 3 (red) and 4 (near-

infrared). The accuracy of the classification was verified by field checking or comparing with existing land uses 

and cover maps that have been field-checked. In performing land use/cover change detection, a cross-tabulation 

detection method was employed. A change matrix was produced with the help of Erdas Imagine software. 

Quantitative areal data of the overall land use/cover changes as well as gains and losses in each category between 

2010 and 2015 were then compiled [34]-[14]-[12]. 

To analyze the nature, rate, and location of urban land change, an image of urban and built-up land was 

extracted from each original land cover image extracted images were then overlaid and recoded to obtain an urban 

land change (expansion) image. The urban expansion image was further overlaid with several geographic 

reference images to help analyze the patterns of urban expansion, including an image of the city boundary, major 

roads, and major urban centers. These layers were constructed in a vector GIS environment and converted into a 

raster format (grid size=30 m) [5]-[6]-[7]. 

The city boundary image can be utilized to find urban land change information within the city. Because 

proximity to a certain object, such as major roads, has an important implication in urban land development, urban 

expansion processes often show an intimate relationship with distance from these geographic objects. Using the 

buffer function in GIS, a buffer image was generated, showing the proximity to the major roads of the study area. 

Local conditions have been considered in selecting the buffer widths. The buffer image was overlaid with the 

urban expansion image to calculate the amount of urban expansion in each zone. The density of urban expansion 

was then calculated by dividing the amount of urban expansion by the total amount of land in each buffer zone. 

These values of density can be used to construct a distance decay function of urban expansion [28]-[8]-[18]. 

 5. Results and Discussion 

The magnitude of the urban sprawl depicts the state of land use and urbanization process at a particular point of 

time.  

Using a combination of different data types and formats in monitoring urban development makes the study 

difficult. The main problem encountered during the study is using the data in different coordinate systems (scale, 

screwing, etc.) and structure (raster, vector). The changes on residential areas obtained via aerial photographs, 

satellite images, and field data between 2010 – 2015 and 2015-2020 as periods, using effective techniques of 

Remote Sensing and GIS. 

 
TABLE 1  PER CENT PROPORTION OF LAND USE TO TOTAL LAND, YEAR 2010 

 

No of Land 

Use 

Categories 

 

Land Use 

Categories 

 

Per cent 

Proportion of 

Land Use to 

Total Land 

1 Wood , Scrub 7 

2 Distorted area 7 

3 Quarry or Mine 12 

4 Plowed areas 11 

5 Grassy areas 40 

6 Cultivated areas 10 

7 Built-up areas 12 

8 Water Surfaces 0 

9 Unclassified 1 

Total  100 

Table 1 depicts that the year 2010 has 12 per cent of built-up areas, 10 per cent of cultivated areas, 11per cent 

of plowed areas and 40 per cent of grassy areas 

 
TABLE 2 PER CENT PROPORTION OF LAND USE TO TOTAL LAND, YEAR 2015 

 

No of Land 

Use Categories 

 

Land Use 

Categories 

 

Per cent 

Proportion of 

Land Use to 

Total Land 

 

1 Wood , Scrub 6 
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2 Distorted area 6 

3 Quarry or Mine 13 

4 Plowed areas 11 

5 Grassy areas 38 

6 Cultivated areas 9 

7 Built-up areas 16 

8 Water Surfaces 0 

9 Unclassified 1 

Total  100 

Table 2 depicts that the year 2015 has 18 per cent of built-up areas, 9 per cent of cultivated areas, 11 per cent of 

plowed areas and 36 per cent of grassy areas. This depicts how the process of land acquisition has taken place by 

engulfing these areas under the built-up. 

 
TABLE 3 PER CENT PROPORTION OF LAND USE TO TOTAL LAND, YEAR 2020 

 

No of Land 

Use 

Categories 

 

Land Use 

Categories 

 

Per cent 

Proportion 

of Land Use 

to Total 

Land 

1 Wood , Scrub 6 

2 Distorted area 6 

3 Quarry or Mine 13 

4 Plowed areas 12 

5 Grassy areas 35 

6 Cultivated areas 7 

7 Built-up areas 20 

8 Water Surfaces 0 

9 Unclassified 1 

Total  100 

 

Table 3 shows that the year 2020 has 16 per cent of built-up areas, 8 per cent of cultivated areas, 13 per cent of 

plowed areas and 37 per cent of grassy areas. This depicts how the process of land acquisition continues to engulf 

mainly the cultivated and plowed areas under the barren domain and built-up areas. During this period the built-up 

area extended along the main highways connecting the capital the major cities of the Kingdom. 

The growth and trend of urban sprawl can be analyzed by the determination of the change in the per cent of 

various land use categories during the periods 2010-2015 and 2015-2020. We can notice an increase of 8 per cent 

(from the total area) in the built-up land and to compensate a strong decline in the cultivated and plowed areas 

[31]-[33]-[22]. 

 

6. CONCLUSION  
Jordan, as many of the developing countries has a problem with the urban expansion and the growth of 

population in the main cities especially in the capital Amman. For example, over the last decades Amman, the 

capital city of Jordan has significantly expanded due to different development activities and migration of people 

after the Gulf wars and the Syrian civile war which generated multiple waves of immigration. Various changes 

have been and are being occurred in the city but there are no regularly updated urban data to indicate those 

changes. 

In this study we presented and applied a methodology for the use of the latest computing and information 

technology trends: Geographic Information Systems (GIS), combined with High Geometric Resolution Remote 

sensing (RS) Satellite Imagery, Photogrammetric Techniques in urban planning, in order to be able to accurately 

simulate and model the urban sprawl phenomena in the Jordanian context and thus assess the effect of such urban 

expansion. 

The urban expansion in Amman (the study region) is governed by the transport network. The main arteries 

along which the sprawl is taking place include, the downtown, Swaileh, Naour, and along the national highways 

connecting the major cities of the Kingdom.  

Results and analysis depict how the process of land acquisition has taken place by engulfing the cultivated and 

the plowed areas under the built-up and barren domain. 

 



 

 

  Wasit Journal of Engineering Sciences.2023, Special Issue                                                                                                  pg. 56 
 

REFERENCES 

 
[1] Arnold C. L. ,Gibbons J. C.,1996. Impervious surface coverage: the emergence of a key environmental 

indicator', Journal of the American Planning Association 243-259 

[2] Batty, M., 1981. Urban Models. Quantitative Geography: a British view. N. Wrigley and R. J. Bennett. 

London, Routledge and Kegan Paul 181-191. 

[3] Barros, J. and Sobreira, F., 2002. City of slums: Self-organisation across scales. CENTRE FOR ADVANCED 

SPATIAL ANALYSIS Working Paper Series 55.202 

[4] Benfield, F. K., Raimi, M., and Chen D., 1999. Once there were greenfields: How urban sprawl is 

undermining America’s environment, economy and social fabric. 

[5] Bertuglia, C. S., Leonardi, G. and Wilson, A. G., 1990. Urban Dynamics , Routledge London. 

[6] Birkin, M., Clark, G., Clark, M. and Wilson, A. G., 1990. Elements of a model-based GIS for evaluation of 

urban policy. In Geographic Information Systems: Development and Applications 

[7] Bockstael, N. E., 1996. Modeling economics and ecology: the importance of a spatial perspective. American 

Journal of Agriculture and Economics 78 1168 – 1180 

[8] Brockerhoff, M.P., 2000. An urbanising world. Population Bulletin, Vol. 55, No. 3, Population Reference 

Bureau, 45 p. 

[9] Bryant,C.R., Russwarm, L.H. and McLellan, A.G., 1982. The city’s Countryside:Land and Its Management in 

the Rural-urban Fringe,Longman Group Ltd, New York,N.Y 

[10] Cohen, J., 1995, How Many People Can the Earth Support? (New York: W. W. Norton). 

[11] Helton D., Gall, M., 1998. The costs of sprawlörevisited'', report 39, Transit Cooperative Research Program, 

Washington, DC 

[12] Cheng, J. and Masser, I., 2003. Urban growth pattern modelling: a case study of Wuhan city, PR China. 

Landscape and Urban Planning 62(4): 199-217. 

[13] Clarke, K. C., and Gaydos, J., 1998. Loose-coupling a cellular automaton model and GIS: long-term urban 

growth prediction for San Francisco and Washington/Baltimore., International Journal of Geographic 

Information Science, 12, 699–714. 

[14] Daniels,T. L., 1997. Where Does Cluster Zoning Fit in Farmland Protection?, Journal of the American 

Planning Association P.129-137.204 

[15] ESRI, 2006, Environmental Systems Research Institute, Inc., Redlands, California, www.ESRI.com 

[16] Yeh A G, Li X, 2001. A constrained CA model for the simulation and planning of sustainable urban forms by 

using GIS. Environment and Planning B: Planning and Design 28 733 - 753 

[17] Cheng, J. and Masser, I. (2003) Urban Growth Pattern Modelling: A Case Study of Wuhan City, PR China, 

Landscape and Urban Planning, 52, pp. 199 - 217. 

[18] G. R. Faulhaber, “Design of service systems with priority reservation,” in Conf. Rec. 1995 IEEE Int. Conf. 

Communications, pp. 3–8. 

[19] Kam,W.C. 1994. Cities with invisible walls: reinterpresenting urbanization in post-1949 china. Hong Kong, 

Oxford University Press. 

[20] Shenghe, L. and Sylvia, P. 2002. Spatial Patterns and Dynamic Mechanisms of Urban Land Use Growth in 

China: Case study in Beijing and Shanghai. 

[21] W. D. Doyle, “Magnetization reversal in films with biaxial anisotropy,” in 1987 Proc. INTERMAG Conf., pp. 

2.2-1–2.2-6. 

[22] Wu, F., and Webester, C. J., 2000. Simulating artificial cities in a GIS environment: urban growth under 

alternative regulation regimes. International Journal of Geographical Information Science, 14, 625–648. 

[23] Mahmoud M. ALBATTAH, 2009, “Landslides Mechanical behavior Study and Analysis Using Geodetic 

Observations” Advanced Technologies ” SBN 978-953-7619-XX ” 

[24] Mahmoud M. ALBATTAH, 2008, “Optimization of The Characteristic Straight Line Method by a “Best 

Estimate” of Observed Normal Orthometric Elevation Differences” International Journal of Computer, 

Information, and System Science, and Engineering Technology” Volume 2, Number 2, Spring 2008 

[25] Mahmoud M. ALBATTAH, 2008, “The Characteristic Straight Line Method for Soil Displacement 

Monitoring”, Proceedings Of World Academy Of Science, Engineering And Technology Volume 30 July 

2008 ISSN 1307-6884 

[26] Mahmoud M. ALBATTAH, 2004, “ Accuracy Assessment of Photogrammetric Triangulation with and 

without the Integration of Absolute GPS-Inertial Measurements”, Dirasat  : Engineering Sciences, Vol. 31, 

No 1, pp 126-135 

[27] Mahmoud M. ALBATTAH, 2003, “Landslide Monitoring Using Precise Leveling Observations ”, Survey 

Review , Vol. 37, 288 

[28] Mahmoud M. ALBATTAH, and H. Kharabsheh, 2000, “ Topographic and Satellite Information for 

Preliminary Route Location ”, Photogrammetric Record : 16 (96) pp 987-996. 



 

 

  Wasit Journal of Engineering Sciences.2023, Special Issue                                                                                                  pg. 57 
 

[29] Mahmoud M. ALBATTAH, 1997, “Transformation of Cartographic Coordinates in to Three-Dimensional 

Coordinates Via a Stereographic Projection. Application in Space Triangulation With SPOT ”, Dirasat : 

Natural and Engineering Sciences, Vol. 24, No 3, pp. 642-651. 

[30] Mahmoud M. ALBATTAH, 1997, “Correction of The Atmospheric Refraction Effect in The Case of Spatial 

SPOT Imagery”, C.R. de L’Academie Des Sciences Française (French Academy of Sciences) , Vol. 324, 

Series II a, pp. 173-179. (In French with Abridged English Version)  

[31] Mahmoud M. ALBATTAH, 1997, “Study of the Impact of Daylight Saving Time on the Energy Preservation 

in Jordan and Neighboring Countries ”, Dirasat : Natural and Engineering Sciences, Vol. 22 B, No 6, pp. 219-

235. (In Arabic, English Abstract). 

[32] HOTTIER Ph., Mahmoud M. ALBATTAH, 1990, “SPOT and the Analytical Photogrammetry: Solution For 

Somme Problems”, S.F.P.T, Vol. 117, No 1990-1, pp. 10-18. (Bulletin of the French Society of 

Photogrammetry and Remote Sensing, In French). 

[33] Mahmoud M. ALBATTAH, 1997, “ Study of Traffic Kinematics by Using Terrestrial 

Stereophotogrammetry”, First Jordanian Conference on Traffic Engineering and Environment, Amman, 

Jordan, 13-15 May 1997. 

[34] Mahmoud M. ALBATTAH, 1988, “SPOT imagery and some problems in analytical photogrammetry” a 

technical report (pp. 150), IGN-France (2, Ave.Pasteur, 94160 St. Mandé, Paris). 

[35] Mahmoud M. ALBATTAH, Hottier Ph.,1991, “Computation of the spatial image coordinates in less than 60 

elementary operations without the voluminous auxiliary data required in the current techniques”, S.F.P.T, 

Vol. 123, No 1991, pp 19-23 

[36] Mahmoud M. ALBATTAH, Hottier Ph.,1991, “Transformation of a stereo pair of  SPOT  images into a 

stereo pair of epipolar images allowing all stereo plotting techniques without terrain-relief deformation 

”,S.F.P.T, Vol.123, No1991, pp 13-19 

[37] Mahmoud M. ALBATTAH, 2004, “ Improving the Reliability of DTMs Generated from High Resolution 

Satellite Imagery by Enhancing the Automatic Stereoscopic Matching ”, Mu’tah Lil-Buhuth wad-Dirasat : 

Vol. 19, No 2, pp. 169-182. 

[38] Mahmoud M. ALBATTAH, 2000, “ Possibilities Offered by SPOT Satellite Remote Sensing Data for GIS 

Feeding and Thematic Cartography ”, The International Conference On Geoenvironment 2000, Muscat, 4-7 

March, 2000. 

[39] Mahmoud M. ALBATTAH, 2003, “ Parametric Equations of Vehicle Time-Space Trajectories in Traffic 

Flow Monitoring Using Dynamic Photogrammetry ”, Dirasat : Engineering Sciences, Vol. 30, No 2, pp. 249-

257. 

[40] Mahmoud M. ALBATTAH, 1999, “Analog Stereorestitution of Spatial Spot Imagery”, Dirasat: Natural and 

Engineering Sciences, Vol.26, No1. 

[41] Barney Cohen, 2006, “Urbanization in developing countries: Current trends,future projections, and key 

challenges for sustainability”. 

 

 


