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Urbanization is occurring worldwide due to the tremendous increase of human 

population that causes land transformation. As the populations of developed and 

developing countries continue to grow, the development of new urban areas becomes 

necessary in order to accommodate the new population. Urbanization, therefore, has 

become one of the dominant research areas within the Land Change Science research 

community as researchers and policymakers attempt to manage current urbanized 

areas as well as future urban expansions. Moreover, utilizing new technologies such as 

Remote Sensing (RS) and Geographic Information Systems (GIS) to study urban 

expansions might minimize potentially negative effects of urbanization. 

This dissertation incorporates GIS and RS to evaluate the urban expansion of two 

contrasting study areas: Alachua County, Florida and the State of Kuwait. Urban 

expansion and population growth were investigated within each of these study areas. 

Nine Landsat TM and ETM+ images were also implemented in this research to monitor, 

analyze, and predict urban land use change for both Alachua County and the State of 

Kuwait. Furthermore, thermal band analysis was utilized to examine the differences in 
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Land Surface Temperatures (LST) between the built up and non-built up areas of 

Kuwait. 

The findings of this research indicate urban expansion is occurring in both 

developing and developed countries, and it will continue to occur in the future. Alachua 

County and Kuwait will both face a great deal of land transformation to urban land use 

areas, and both Alachua County and Kuwait should take the appropriate measures 

necessary to minimize unplanned urban expansion. The surprising finding that the LST 

of built up areas in Kuwait is cooler than that of non-built up areas (defined in this study 

as an Urban Cool Island) is an unexpected deviation from the Urban Heat Island 

discussed in many previous studies. Therefore, this research suggests: 1) The Kuwaiti 

government should designate more areas for urban development to accommodate the 

future population and further investigate the implications of an Urban Cool Island; and 2) 

The Alachua County government should generate a new policy to limit the amount of 

urban expansion and to encourage vertical urban development.
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CHAPTER 1 
INTRODUCTION 

Humans have played a major role in changing and transforming their surrounding 

areas since their existence on the Earth, but the speed of transformation has never 

been as rapid as today (Kates et al., 1993). Increased land transformation is related to 

multiple factors, but it is primarily linked to human actions. Urbanization, a phenomenon 

discussed in several fields and numerous studies, reflects the relationship between 

humans and their environment through the transformation of land cover from rural areas 

to urban areas for human use. Humans obtain needs, like food, from the various 

landscapes of their surrounding areas causing massive changes including the drainage 

of wetlands, loss of vegetation, and expansion of urbanized areas. These activities are 

considered the main forces of change in the biosphere and in the shape of land cover 

(Turner and Meyer, 1994). Though there are many types of processes that transform 

the Earth‟s surface, urbanization is considered to be the dominant process of current 

and future land transformation activity. 

Population increase is known to be one of the primary causes of land 

transformation and changes to the global environment (Sage, 1994). The increase of 

population in urban areas necessitates the development of new urban areas in order to 

accommodate the new population. Urban areas are defined as the places where the 

majority of people live and work (Elvidge et al., 2004), and urban population describes 

the number of people living in urban areas. The boost of world population occupying 

urban areas, especially within the 20th century, has increased the process of 

urbanization significantly across the world. As where the urban population made up 5% 

of the total population in 1900, this percentage increased to 50% by 2005 (Maktav et al., 
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2005). Furthermore, increasing population has a cumulative impact on the biosphere 

correlating with an increase in the level of urbanization (Turner and Meyer, 1994). 

A potential problem associated with urbanization is unplanned expansion. The 

unplanned expansion of urban areas could lead to many problems like natural disasters, 

poverty, increases in crime rate, and disease. According to Nechyaba and Walsh 

(2004), urban expansion causes greater amounts of air pollution as the increase of car 

and vehicle traffic increases gas emissions in urban and suburban areas. Moreover, the 

many changes in the environment relating to urbanization and suburbanization include 

greater amounts of precipitation runoff, changes of temperatures, increases of air 

pollution, and replacements of vegetation (Elvidge et al., 2004). These environmental 

and social problems will continue to rise with the increase of urban expansion and 

human population. Studying urban land use, therefore, is important as increased 

awareness of impending changes enables the existing social structure to circumvent 

environmental and social problems produced by unplanned expansion (Rahman, 2007). 

To control, minimize, and solve the social and environmental problems linked to 

unplanned urban expansion, several research communities and scientists have started 

to investigate their causes and effects. Geography is the only social science that 

examines the relationship between society and the natural environment (Peet, 1998). 

Geographers analyze the environmental system, from both physical and human 

perspectives, and investigate how natural forces and living organisms reshape the 

Earth‟s surface over time. According to Mannion (2002), there are two main types of 

changes in the Earth‟s surface: 1) natural changes that take place on the Earth‟s 

surface resulting from naturally occurring events such as earthquakes, volcanoes, and 
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climate changes; 2) human changes that occur as land transformations resulting from 

human activities like urban and agricultural developments. Furthermore, Land Change 

Science (LCS) is a well-known research community, comprised of various scientific 

fields, interested in investigating the impact of human activities on the surrounding 

environment. Geographers and LCS researchers effectively utilize remote sensing and 

GIS to monitor the effects of urbanization on the environment and to provide enhanced 

future planning for decision makers and urban planners (Tatem and Hay, 2004). 

 This dissertation incorporated Remote Sensing and GIS to explore urban land use 

and land cover change in two contrasting study areas. The study areas were selected in 

consideration of the differing levels of urban expansion between developed and 

developing countries. The first study area, Alachua County, is located in North Central 

FL in the developed country of the USA. The second study area, Kuwait, is situated in 

the northeastern region of the Middle East. This dissertation implemented satellite 

images to analyze urban expansion in both study areas. Three research papers are 

included in this dissertation; the first research paper was conducted in Alachua County, 

FL, and the other two were conducted in Kuwait. 

First Research Paper 

The first paper, presented in Chapter 2, utilized four Landsat TM images for 1993, 

1998, 2003, and 2008 to predict future land use and land cover changes. The March 

1993, February 1998, and March 2003 images were classified and tested for accuracy 

in a previous study (Almatar, 2008). The April 2008 image was classified and checked 

for accuracy using accuracy assessment analysis. The classified images were grouped 

into pairs (1993-1998, 1993-2003, and 1998-2003) and implemented into a land change 

model to forecast changes in Alachua County, FL for 2013, 2018, and 2023. A Cellular 
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Automata Markov model in conjunction with Markov chain analysis was employed to 

answer the main research questions: 1) What types of land use and land cover changes 

may occur in Alachua County in the years 2013, 2018, and 2023? 2) Which is the best 

pair of classified images to produce the best prediction model based on the validation 

process? 

An alternate scenario was also produced to demonstrate the trend of land 

transformation before the real estate boom. Given the real estate crash since 2009 and 

the booming real estate of the time period pre-2009 used to predict this analysis, it was 

felt this might have affected the resulting trend of future land transformation. Therefore, 

Landsat TM images for 1993 and 1998 were implemented in the Cellular Automata 

Markov model to predict future change based on the much slower real estate growth 

from the 1980‟s (as a proxy for the current limited real estate expansion in 2010-11). 

The findings of the two models, therefore, indicate different scenarios of future land use 

and land cover change in Alachua County and allow for a detailed interpretation of the 

rates and patterns of predicted changes in urban growth. 

The outcomes of this study provided information regarding the level of urban land 

transformation occurring in a city located in the developed world by utilizing remote 

sensing and GIS techniques. More specifically, this research utilized Cellular Markov 

Model, an advanced prediction model, to predict and analyze future land 

transformations and to ascertain valuable information for future planning. Indicating 

future urban land transformations is required in order to achieve the ultimate goal of this 

research, which is to compare future urban land transformation in developed and 

developing countries. Such comparison enables geographers and Land Change 
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Science researchers to better understand the relationship between humans and the 

natural environment. This information might also be helpful for urban planners and 

decision makers. 

Second Research Paper 

The second research paper, presented in Chapter 3, employed five cloud free 

Landsat TM and ETM+ images for 1986, 1990, 2000, 2005, and 2010. The satellite 

images were classified using supervised classification (maximum likelihood algorithm) 

for built up and non-built areas. The classified images were incorporated in change 

detection analyses and thermal band analyses to answer the three main research 

questions: 1) How has urban land use expanded over other land cover classes in 

Kuwait from 1986 to 2010? 2) How does the increase of population influence the 

direction of urban expansion in Kuwait? 3) Is the increase of urbanization affecting the 

Land Surface Temperatures (LST) in Kuwait? 

The classified Landsat TM and ETM+ images were implemented in change 

detection analyses to determine changes of land use and land cover in Kuwait from 

1986 to 2010. Thermal band analysis was undertaken in this paper to examine the 

impact of land use and land cover change on the LST. The classified images of 1986, 

1990, and 2000 were associated with thermal band values, which were converted into 

degrees Fahrenheit. The built up and non-built classes were linked to thermal band 

pixels values to detect the differences in surface temperatures to investigate the effect 

of land transformation on the surface temperature. 

The findings of this paper contribute to the overall goal of this research, which is to 

detect the impact of human actions on the surrounding environment. This paper 

determined the amount of urban land transformation in Kuwait from 1986 to 2010 to be 
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associated with urban population growth. Furthermore, the thermal band analysis 

outcomes are useful to understanding the relationship between urban land 

transformation and Land Surface Temperatures (LST). Though thermal band analysis is 

a well-known approach, used in several researches, to investigate the environmental 

effect of urban land transformations on Land Surface Temperatures (LST), this is 

considered to be the first attempt to use thermal band analysis for this purpose in 

Kuwait. Additionally, this methodology was purposefully selected with the intention of 

examining the connection between urban expansion and the “Urban Heat Island” 

phenomenon in Kuwait. Moreover, the outputs of this study were implemented in a 

Cellular Automata Markov model and Markov chain analysis to predict future urban land 

use changes in Kuwait. 

Third Research Paper 

The third paper, presented in Chapter 4, utilized five Landsat TM and ETM+ 

images for 1986, 1990, 2000, 2005 and 2010 to predict future changes in land use and 

land cover. These images were classified and tested for accuracy in Chapter 3. The 

accuracies of the five classified images were ranging from 90% to 94%. The classified 

images were implemented into pairs (1986-1990, 1986-2000, 1986-2005, 1990-2000, 

1990-2005, and 2000-2005) in a land change model to forecast changes of land use 

and land cover in Kuwait for 2015, 2020, 2025, and 2030. A Cellular Automata Markov 

model along with Markov chain analyses was employed to answer two main research 

questions: 1) Based on the current trends of population growth and urban expansion, 

how will urban land use increase in Kuwait from 2010 to 2030? 2) Which pair of dates 

best predicts current changes and so is most likely to predict future changes with the 

most confidence according to the validation process? 
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To compare urban land transformations in developed and developing countries, 

the results of this paper predicted the urban land transformation in Kuwait, a developing 

country, and contrasted the outputs with those of Alachua County, located in a 

developed country. The comparison of urban land transformations between developed 

and developing countries was conducted in this research to measure the impact of 

human activities on the proximate environment. Moreover, determining future urban 

land transformations in Alachua County and Kuwait could offer important information 

related to the amounts, locations, and trends of future changes. The study utilized the 

outcomes of this research to recommend additional policies and proactive measures to 

manage the future urban land transformations of both study areas. Employing an 

advanced land change prediction model also was validated in this study as a powerful 

model, within the remote sensing and GIS fields, to predict future land use and land 

cover changes. 

This paper, as the final study, is considered to be the last step in the process of 

achieving the main goal of this dissertation, which is to examine the relationship 

between human activities and the surrounding environment. In the first paper, data was 

gathered and analyzed in Alachua County to predict future urban land transformations 

in a developed country. The second paper investigated the changes of urban land use 

in Kuwait, a developing country, by utilizing satellite images and GIS data from the 

recent past. Lastly, the third paper, based on the outputs generated in the second 

paper, served to predict future urban land transformations in Kuwait to be compared to 

those of Alachua County predicted in the first paper. Each study was designed with the 
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expectation of further understanding the phenomenon of urbanization as a link between 

human activity and the environment. 
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CHAPTER 2 
UTILIZING GIS AND REMOTE SENSING TO PREDICT LAND USE AND LAND 

COVER CHANGE IN ALACHUA COUNTY, FL FOR 2013, 2018, AND 2023 

The transformation of the Earth‟s surface has been taking place long before 

human existence, and there are currently few areas remaining in their natural state. The 

rate of change, however, has never been as great as today (Turner and Meyer, 1994). 

Human activities cause massive changes to various environmental landscapes 

including the drainage of wetlands, loss of vegetation, and expansion of urbanized 

areas. These changes reflect human social goals (such as the production of food) and 

directly affect the Earth‟s environment (Meyer and Turner, 1992). Influencing the 

resources and the properties of the Earth, the interaction between humans and their 

surroundings requires more investigation and policies to sustain the biosphere (Turner 

and Meyer, 1994). The continuous increase of human population, accompanied by an 

increase in human consumption of natural resources, causes warmer temperatures, 

increases green-house gas concentration in the atmosphere, and creates various other 

environmental issues (Elvidge et al., 2004).  

Urbanization is the shift from a rural to an urban society (Nsiah-gyabaah, 2009), 

and urban land use is characterized by the man-made settlements in which most people 

live and work (Elvidge et al., 2004). Furthermore, urbanization is defined as the 

environment-altering activities, which maintain and generate urbanized places, such as 

the construction of buildings, transportation, habitation, and water and energy use 

(Elvidge et al., 2004). In other words, urbanization is the process of converting any land 

use or land cover areas into built areas established for human uses. Though land use 

research, in the previous two decades, demonstrated the importance of deforestation, 

reforestation, and loss of agricultural land, land use research has more recently 
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exhibited an increased focus on urbanization (Fragkias and Seto, 2007). Several land 

use and land cover research studies concentrate on studying urban 

expansion/development as one of the major factors driving land cover conversions 

(Gluch, 2002). 

Suburbanization and urban sprawl are similar processes of conversion that have 

become noticeable in many countries all over the world, especially in the western 

hemisphere. In general, suburbanization and urban sprawl have very similar 

representations and specifications despite slightly differing definitions. Suburbanization, 

beginning in the early twentieth century, is the mass phenomenon in which skilled 

working families moved to live at a farther distance from their work. According to 

Johnston et al. (2000), a suburb is an outer district located within an urban area, and 

urban sprawl is a term used to describe the unplanned expansion of urban land into 

rural areas along main roads. As suburbanization and urban sprawl each utilize the 

concept of urbanization as a process of conversion, which expands the existing urban 

area into the surrounding rural area, suburbanization and urban sprawl will be 

discussed as one phenomenon. 

The majority of the world‟s population will be living in urban and suburban areas by 

the year 2025 (Gelbard et al., 1999). This future estimation of urban expansion leads 

several disciplines in social sciences to try to understand, analyze, and predict future 

changes in land use. Doygun and Alphan (2006) studied long-term urbanization change 

and urban land use change on the coastal environment of Iskenderun, Turkey, and 

concluded urban areas have increased by 40 times from 1858 to 2002. The unplanned 

expansion of urban and suburban areas could lead to many problems including natural 
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disasters, poverty, increases in crime rates, and diseases. According to Nechyaba and 

Walsh (2004), urban expansion has a strong relation to air pollution as increased car 

and vehicle traffic increases gas emissions in urban and suburban areas. Moreover, 

many changes in the environment relate to urbanization and suburbanization such as 

greater amounts of precipitation runoff, changes of temperatures, increases of air 

pollution, and replacement of vegetation (Elvidge et al., 2004). This kind of study, 

therefore, is paramount to the prevention of future environmental and social problems 

linked to unplanned urban expansion (Rahman, 2007). 

Remotely sensed data is one of the richest sources of data used to study spatial 

and temporal features of land use and land cover changes across the Earth‟s surface 

(Yang and LO, 2002; Almatar, 2008). Remote sensing and Geographic Information 

System (GIS) have vastly improved the monitoring, analyzing, and predicting of land 

use and land cover change for a specific area over a period of time. These new 

technologies, opposed to the manual process of mapping utilized by the historical 

cartographer, have become invaluable to the modern assessment of the relationship 

between humans and the environment. Implementing remotely sensed data in 

landscape investigations, over spatial and temporal scales, could assist in distinguishing 

changes that occur on the Earth and provide a better understanding of how the land is 

influenced by human activities (Zhang et al., 2002). The availability of remotely sensed 

data, which can be observed and collected for large areas within a short period of time, 

promotes the development of image processing and GIS software used within the 

academic fields. 
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Remotely sensed data is commonly implemented in land use research to study 

land use and land cover changes based on the classification of satellite images (Zhang 

et al., 2002; Kamusoko et al., 2009; Weng, 2002; Henriquez et al., 2006; and Lopez et 

al., 2001). According to Meyer and Turner (1992), land use is a term referring to the 

land associated with human behavior and interaction. The term land cover refers to the 

land covered by natural species not related to human impact. Land use is exemplified 

by agricultural and urban development, and land cover is illustrated by forestland and 

wetland. Changes of land use and land cover are categorized as either modification or 

conversion. Whereas modification refers to a change within the categories of land cover 

and land use, such as the change from dense forest to mixed forest, conversion refers 

to a change resulting in the transformation of land from one type to another, such as 

from forest to bare land (Turner and Meyer, 1994; Almatar, 2008). Conversion, a term 

referring to the human appropriation of natural resources, therefore, results in the 

transformation of land cover to land use. For example, an area that was originally 

covered with trees may be converted to a retail urban plaza (Turner and Meyer, 1994). 

The significance of urbanization, as a type of conversion, is reflected in the natural and 

environmental sphere at all geographic scales and locations (Herold et al., 2003). 

As a result of the potential problems of land transformation, many scientific fields 

have concentrated on studying and monitoring the relationship between humans and 

the Earth‟s surface and producing sustainable polices to protect what remains of our 

natural resources (Meyer and Turner, 1992). For example, Fragkias and Seto (2007), 

employed logistic regression analysis to detect urban land use growth in three cities in 

southern China. They used satellite images to generate classified images for urban and 
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non-urban areas from 1988 to 1999. They found that urban land growth increased by 

451.6%. Zhang et al., 2002, conducted another study in China; their study was based 

on analyzing two Landsat images for 1984 and 1997. Change detection with road 

density and spectral information were used to study urban built areas. They found that 

the built up areas increased from 385 km2 in 1984 to 568 km2 in 1997. These studies 

can be used for future planning by decision and policy makers to recognize and solve 

impending problems. In other words, it is essential to recognize and understand human 

impact on the surrounding environment to predict, explain, and respond to potential 

environmental, economic, and social changes (Turner and Meyer, 1994). 

Expansion, both urban and suburban, has become one of the most important 

consequences of human activity that directly and indirectly affects the environment, as 

well as land use and land cover, for many years. To study and monitor these 

consequences, scientists in the social sciences and other fields have studied the 

causes behind expansion. This paper focuses on population as the major impetus of 

urban and suburban expansion. The US Census Bureau estimated the increase of 

urban area from 1960 to 2000 to be 130% in the USA (Alig et al., 2004), and the 

expected growths will continue with the increase of population. According to Elvidge et 

al. (2004), the increase of worldwide population creates a trend of concentrating 

increased populations within human settlements, which expands the existing 

settlements past their perimeters. In the United States of America, 80% of the total 

population lived in urbanized area in the year 2000 (Nechyba and Walsh, 2004), and the 

world‟s population is projected to reach 7.8 billion by 2015. In other words, local and 
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global population increase is considered by many to be the main cause for urbanization 

and suburbanization. 

Within land use change science, there are hundreds of models that are used by 

geographers, urban planners, and researchers in other fields (Brown et al., 2004). 

According to Fragkias and Seto (2007), a model is a tool used to organize and describe 

understanding of interactions within a system to make predictions and to generate and 

test hypotheses. Land use and land cover science is one of the disciplines that 

implements models for analyzing, describing, and predicting changes in the Earth‟s 

surface. Models are used within land use and land cover science to: 1) Provide the 

analyst with information that helps improve understanding of changes in land use; 2) 

Emphasize the importance of empirical diagnostic models using remotely sensed data; 

3) Predict future land use changes (Brown et al., 2004). Cellular Automata Markov 

(CA_Markov) and Markov chain analyses was implemented in this paper to predict 

future land use and land cover changes. According to Pontius and Malonson (2005), 

Markov analyses are commonly employed for projecting change within categorical data 

by implementing mathematical formulations of probability transitions, which were 

invented by the Russian Mathematician Andrei Markov (1907). 

In this study, population will be studied as the main factor driving urbanization and 

suburbanization relating the population increase in Alachua County, Florida to land use 

and land cover changes. Based on the findings of previous research conducted in 

Alachua County, Florida, which studied land use and land cover changes from 1993 to 

2003, (Almatar, 2008), this paper employs a probability model to predict future land use 

and land cover changes for 2013, 2018, and 2023. Moreover, the study will conduct pre-
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post economic boom analysis in the study area to predict change in landscape before 

the real-estate economic boom, which occurred here from 2000-2008 approximately, 

and the current economic situation, which is one of real-estate collapse and stagnation 

in values. Given this change in the real estate market, which occurred during the time 

period of analysis being conducted, both analyses were considered, one a continuation 

of land-use changes based on the real-estate boom this state and county had seen, and 

a second, more „realistic‟ scenario for current times, based on the 1993-1998 land use 

changes, or pre-real estate boom scenario. The Cellular Automated Markov model is 

one of the dominant tools that predict changes that will likely take place in the future 

assuming past land cover trends are a suitable indication of future trends (Li and 

Reynolds, 1997; Silverton et al., 1992; Kamusoko et al., 2009). 

The objective of this paper will be used to understand future potential land use and 

land cover changes, which may help decision and policy makers in future planning, 

within this region. The Markov model along with remotely sensed data of Alachua 

County were implemented to project future changes in land use and land cover for 

2013, 2018, and 2023. GIS and remote sensing software were employed in order to 

achieve the main objective of this research and answer two research questions. What 

type of land use and land cover changes may occur in Alachua County in the years 

2013, 2018, and 2023? Which is the best pair of the classified images that will produce 

the best prediction model, based on the validation process? 

Methodology 

Study Area 

Alachua County is located in the north-central part of Florida State (Figure 2-1). 

The county covers about 2,486 km2 with nine cities and towns; Alachua, Archer, 
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Hawthorne, High Springs, La Crosse, Micanopy, Gainesville, Newberry, and Waldo 

(Phillips, 1986). Alachua County is one of the fastest growing counties in the north-

central part of Florida. The county has experienced a major increase of population and 

urban growth in the last decade, mainly due to the expansions of the City of Gainesville 

and the University of Florida. According to the U.S. Census Bureau, Alachua County‟s 

population increased from 57,026 in 1950 to 181,600 in 1990 (Smith et al., 2008). This 

increase in population continues to take place in the county, where the population for 

the years 2000 and 2007 were 217,955 and 247,561 respectively (Smith et al., 2008). 

The population growth should continue throughout the up-coming years, as the U.S. 

Census Bureau estimated the population to reach 253,400 in 2010, and 296,000 in 

2025 (Smith et al., 2008). Such increases of population and urban growth, taking place 

in Alachua County, necessitate an advanced approach to predicting changes in land 

use and land cover that may provide valuable information for urban planners and 

decisions makers. This paper attempts to provide this information for better future policy 

and planning by generating a prediction model (CA_Markov) based on a suite of 

classified satellite images depicting likely future land cover changes assuming either a 

continued pattern of growth based on trends of the recent past or, in consideration of 

the current real-estate crash, or a regressive growth pattern with the predicted growth 

returning to a pre-real estate boom situation. 

The study employed four Landsat satellite images in the prediction model. For full 

details regarding image processing refer to Almatar (2008), but a brief overview of the 

data used for the prediction model inputs is given below. Two TM Landsat images were 

obtained in March 1993 and February 1998, and two Landsat ETM+ images, from 
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March 2003 and April 2008 were also used. These images were registered to UTM 

coordinates with an RMS error less than 10 meters. To minimize the atmospheric 

variation calibration techniques were performed on all images (Green et al., 2004).  

Image classification was undertaken on all images creating three land use and 

land cover classes of: 1) Water land that consists of an area that is inundated by water 

such as rivers, lakes, and wetland; 2) Vegetation that contains different species of 

bushes and trees with canopy greater than or equal to 25% of the canopy closure and 

area that used for agriculture, pasture, and grassland; 3) Built area that includes urban 

and suburban area that is composed of built materials like airports, residential area, and 

others. The built area class was assumed to stay consistent over the study time frame 

to prevent a suburban misclassification problem with vegetated land cover (as tree 

covered suburban development looks like forest from above). In other words, once an 

area converts to built area, it will continue to be considered built area without any further 

land transformation. 

Understanding the future changes in land use and land cover in Alachua County 

would be difficult without a predictive model. CA_Markov was used in this study to 

predict future changes, which has been discussed as one of the cellular automata 

models that can be used to predict future land use and land cover changes (Sun et al., 

2007). The Markov chain is a mathematical analysis that generates a probability 

transition matrix that demonstrates the likelihood of land transformation. The 

CA_Markov model employs the transition probabilities to determine the number of cells 

that changed over time by using cellular dynamics (Verburg et al., 2004). The model 

relies on spatial transitions, where probabilities and transition areas are created from 
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two classified remotely sensed images to forecast future changes at a specific point of 

time (Mubea et al., 2009). Markov analysis requires the determination of a time period 

between the two input images and the number of years for future prediction. The 

Markov analysis produces three outputs; a probability transition matrix, a probability 

transition area, and a suitability raster group layer that presents each land use and land 

cover class with its probability values. The probability values represent a number, which 

ranges from zero to one, where the number indicates the possibility of each class to 

change to another class in the assigned year. These probability matrixes are used to 

generate land use and land cover maps of future projection. 

Therefore, the four classified Landsat images were implemented into a 

CA_Markov model in this study. Three of the images were used to generate probability 

transition outputs in Markov chain analysis that were used for a CA_Markov model. The 

1993 and 1998 classified images were used to predict a 2008 land use map, and were 

then validated against the observed data that was classified in ERDAS IMAGINE ®. The 

same process was done for the pair of (1998-2003) and (1993-2003). All pairs were 

then compared to the 2008 classified image for validation. The 1993 image was used as 

the base map in a Markov chain analysis for (1993-1998) and (1993-2003) models. The 

classified image classes of 1993 were assigned as a base for land use and land cover 

classes that are used for generating the probability transition matrix, area, and raster 

layers for both models. The second input image in the Markov chain analysis was a 

1998 classified image in the first model and 2003 in the second model. For the third 

model (1998-2003), the base classified image was 1998 and the later image was 2003. 

The probability transition areas of each pair were implemented in the CA_Markov model 
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along with the suitability raster group. The model generated a predicted land use and 

land cover map from each pair of classified images for the year 2008. The three 2008 

maps were validated against the actual 2008 observed and classified image. Based on 

the accuracy of the predicted map, the most appropriate pair of images was then 

utilized in the model to project future land use and land cover surface of Alachua 

County, FL, for 2013, 2018, and 2023. 

An excellent prediction model, according to Brown et al. (2002), must provide: 1) 

an indication of the amount of land use and land cover change; 2) an indication of the 

spatial pattern of change; 3) an indication of the location of the predicted changes. 

Though there are many prediction models used in the land use and land cover field that 

provide some of the indications required of an excellent prediction model, most do not 

provide them all. Logistic regression, for example, is usually employed to predict the 

amount of future changes in land use and land cover classes as well as the location of 

these changes but fails to indicate the pattern of changes. The CA_Markov model is an 

appropriate technique for this research because it provides the analyst with outputs that 

determine the pattern of changes in land use and land cover and indicates the area and 

location of future changes. 

Validation 

Validating the predicted land use and land cover map is one of the most important 

steps of a predictive model in order to ensure accuracy. In most of the studies 

employing CA_Markov model, a validation module in the software packages was 

utilized to produce an accurate measurement of the projected map. A validation was 

performed that measures the degree of agreement between two categorical land use 

and land cover maps, a “comparison” map and a “reference” map. The comparison map 
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is the predicted map that is created from the CA_Markov model, where the reference 

map is the classified image of the study area in the same year. The validation attempts 

to answer two major questions:1) How well do the pair of input maps concur in terms of 

the location of cells in each land use class? 2) How well do the pair of maps concur in 

terms of the quantity of cells for each class? (Pontius and Malason, 2005). The 

validation process generates three Kappa indies; Kno, Klocation, and KlocationStrata. 

Kno is an index that calculates the overall agreement, Klocation is an index that 

measures the agreement based on location only, and KlocationStrata calculates the 

agreement based on quantity (Pontius and Malason, 2005). As mentioned previously, 

three models were implemented in this paper to predict a future land use and land cover 

map and then identify the likely changes that may take place in Alachua County in 2013, 

2018, and 2023 based on past trends. All three models (1993-1998), (1998-2003), and 

(1993-2003) were employed to generate the 2008 predicted map and validated with the 

classified image of 2008. 

Results 

According to the accuracy of the predicted land use and land cover, the 1998 and 

2003 classified image pair was implemented in the prediction model to predict changes 

that might occur in the study area in 2013, 2018, and 2023 (Table 2-2). The probability 

transitions of Markov chain analysis outputs were used in a CA_Markov model to 

generate the predicted maps. The 1998 and 2003 pair was selected due to its 

performing level (Table 2-2), and implemented in the model to predict future changes 

based on changes in land use and land cover between the two classified images. The 

predicted changes are generated according to the probability transitions delivered from 

the two input images. Five-year windows were used for the prediction model in order to 
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establish consistent intervals and to provide a better comparative of change across 

images. 

After generating probability transition and probability area, CA_Markov was 

implemented to produce land use predictions for the future dates. Figure 2-3 shows the 

predicted maps of Alachua County that were created by the model. The maps show the 

future distribution of land use and land cover in Alachua County in 2013, 2018, and 

2023. Moreover, the land use maps were combined with the 2008 classified image 

(Figure 2-3) in order to highlight changes that are predicted to take place in the study 

area in 2013, 2018, and 2023. Figure 2-3 shows the predicted land use map for the 

study area and identifies changes to built areas with the color red. According to the 

future predicted map, there will be no changes in the water class while vegetated and 

urbanized areas will experience transformation. For example, the vegetation class will 

lose 119.49 km2, which will be converted to built areas, by 2013 (Table 2-3). In other 

words, the study area will not undergo any changes to areas of the water class because 

the expansion of urban and suburban areas will not take place over wetlands and water 

areas and usually takes place over vegetated areas. According to the model, Alachua 

County will likely face more urban and suburban expansion in the future. 

Figure 2-3 shows the predicted maps of 2013, 2018, and 2023 based on 1998 and 

2003 classified images. The maps indicate that 129.34 km2 will remain as water land 

cover from 2008 to 2018, while vegetation will decrease from 1,991.59 to 1,872.1 km2 

(Table 2-3). According to the predicted map of Alachua County, the transformation of 

vegetated areas to built areas will be 119.49 km2; built areas occupied 319.36 km2 in 

2008 and will increase to 438.85 km2 by 2018. Built area land use class will boost from 
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319.36 in 2008 to 480.51 km2 in 2023. The increase in built area class is equivalent to 

161.15 km2. The changes in 2023 in land use and land cover were demonstrated in a 

map that indicates changes from 2008 to 2023 (Figure 2-3). 

According to CA_Markov model results, Alachua County will experience more 

urban and suburban expansion in the future ranging from 3% to 7%. This expansion of 

built area will be over vegetated land cover, which means Alachua County will continue 

to lose forest and other vegetated areas. The prediction model indicates that built area 

will occupy around 18% of the study area by 2023, which means that urban and 

suburban area increase by 5% from 2008 to 2023. On the other hand, vegetated areas 

will occupy 75% of the total area in Alachua County, indicating more expansion of built 

areas over vegetated areas and reflecting the post economic boom. Since the accuracy 

of prediction models were above 90%, additional analysis was employed to present 

change in landscape based on the pre- economic boom. This analysis aims to 

determine the changes in land use and land cover based on the level of growth between 

1993 and 1998 (pre-real estate economic boom). The results of this analysis will provide 

the reader with two scenarios of change in Alachua County (pre and post real estate 

economic boom). Table 2-4 shows the outputs of pre-real estate economic boom, which 

generally indicates no land transformation will take place in the study area until 2018. 

The study area will experienced only limited land transformation from vegetation to built 

area by 0.01% from 2018 to 2023. As such, given economic conditions at this time, we 

might well expect a situation of little to no change in terms of land use and land cover 

within Alachua county based on these model predictions from the pre-real estate 

economic boom conditions. 
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The results of the prediction model are more likely to be acceptable for the study 

area. Alachua County in recent years experienced a lot of expansion in suburban areas 

such as new residential developments, condos, and business plazas. Also, the model 

indicates the new development areas will be mostly distributed throughout the central 

and northern parts of the county, which is where most of the population lives and the 

majority of developments exist. The location of the future urban and suburban areas 

was generated by the model based on the trend of changes, from 1998 to 2003, in land 

use and land cover. The location of the new development area seem to be the actual 

places that Alachua County experienced land use and land cover changes in recent 

years. The findings of this model offer a valuable prediction for future distributions and 

expansions of built areas over vegetated areas. 

Discussion and Summary 

The main objectives of this study were to identify the best pair of classified images 

that will produce a reliable predication model, based on the validation process, and to 

use this prediction model to predict future changes of land use and land cover in 

Alachua County for 2013, 2018, and 2023. Furthermore, the study employed 1993 and 

1998 images to provide a pre-real estate economic boom scenario, which indicates 

almost no land transformation will happen in the study area. This scenario assumed the 

future trend of land transformation will return to pre-real estate boom conditions. 

Looking at the post-boom conditions, it was found that the 1998-2003 image pair was 

the best pair for determining a prediction model due to an increased level of accuracy. 

This study identified CA_Markov model as a powerful tool for future prediction and for 

determining future land use and land cover changes in a particular area over a specified 

period of time. Based on this model, urbanization will be the main trend of land use and 
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land cover change in the region as urbanized areas develop over vegetated areas. The 

future land use and land cover maps indicate that most future changes in Alachua 

County will likely take place in the western and central portions of the county. In one 

study that took place in Austin, Texas, it was found that land transformation trends are 

influenced by the location of transportation networks, as new development tends to 

occur near to existing highways (Zhou and Kockelman, 2008; Almatar, 2008). Since the 

major highways in Alachua County are located within the central and western parts of 

the county, transportation could be one of the main causes for future land use changes 

occurring in these areas. This future urban and suburban expansion may also be highly 

related to an increase in the future population of the study area. The results of the 

prediction model, therefore, provide a valuable estimation of changes that may take 

place in the study area in the next decade. 

The population of Alachua County is estimated to be 253,400 in 2010 and 296,000 

in 2025 (Smith et al., 2008). The estimated increase of population in 2010 and 2025 

possibly correlates with the prediction model‟s estimation that built area will be 394.70 in 

2013 and 438.85 km2 in 2023. In 2008, built area occupied 319 km2, which means 

13.08% of the total area was used for urban and suburban developments. According to 

the model, this percentage will increase to 16.17% in 2018 and 17.98% in 2023, which 

indicates more urbanized and suburbanized developments in Alachua County. In 

precise terms, the model predicts built areas will increase by 77.34 km2 from 2008 to 

2013 and by 89.15 km2 from 2008 to 2018, which may be strongly related to population 

increase and urban growth. Alachua County will likely continue to experience land 

transformation in 2018 and 2023 because the future change to built areas is expected to 
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come from vegetated areas causing the vegetated land cover to suffer more loss 

according to the prediction model. In 2008, the vegetated land cover occupied around 

1991.59 km2, which represents 81.61% of the total area. Alig et al. (2004) in their study 

investigating the relationship between urbanization and population, income, and other 

factors using a multiple regression model, found that population has a huge impact on 

urban expansion. Though population is not the only factor driving urban expansion, it 

has a major influence on urbanization and the increase of built areas, and though this 

study did not implement a regression model, population could be considered one of the 

main factors driving urban expansion in Alachua County. 

Based on post-real estate economic model, the amount of vegetated land cover 

will decrease to 1872.1 km2 in 2013, which makes 76.71% of the total area, and 

vegetated land cover will continue to decrease in 2023 to be 1830.44 km2, which is 

equivalent to 75% of the total area. Moreover, the study area will not experience any 

land transformation exceeding 1% of the total area, according to the pre-real estate 

economic model. In general, Alachua County might face more expansion in urban and 

suburban areas over vegetated areas. The predicted map identifies the location of 

future land transformation as tending to occur near existing built areas and 

transportation networks. As the predicted model was generated based on the current 

occupation of land use and land cover, future change will be predicted based on the 

changes between 1998 and 2003 images. In other words, the estimated location of 

future change is related to past change in land use and land cover. 

Markov analysis is a powerful tool for modelling changes in land use and land 

cover that are difficult to describe (Opeyemi, 2006). Hence, the models are 
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implementing probability transition matrices to determine future land use and land cover 

changes for a particular area, based on the previous patterns of land use and land 

cover. Mubea et al. (2009) utilized Markov model to predict changes in Nakuru 

Municipality in Kenya for 2015. They used Landsat images of 1973, 1986, and 2000 to 

predict a 2015 land use map. They used 1973 and 1986 classified images in Markov 

model to predict 2000 and 2015 maps for six classes including water, urban, forest, 

agricultural, rangeland, and barren. They found that the urban land use class expanded 

over the vegetated land cover class by 14.28 km2 in 2015. They concluded that the 

Markov model possesses the capabilities of descriptive power and future prediction 

within land use and land cover investigation based on the results of their analysis 

(Mubea et al., 2009). 

Kamusoko et al. (2009) studied future land use change in Zimbabwe by utilizing a 

CA_Markov model. They predicted future land use up to 2030 from three land use and 

land cover maps (1973, 1989, 2000, and 2005). They projected future land use and land 

cover change for 2010, 2020, and 2030. According to predicted maps, Zimbabwe will 

face severe land degradation with a decrease in woodlands and increase in other land 

use and land cover classes. They concluded the study with stating the importance of 

such a model to predict the future regarding land cover. Weng (2002) used satellite 

images as inputs in remote sensing and GIS software to study changes in urbanized 

area between 1989 and 1997 to coastal regions of China. The classified remotely 

sensed data was implemented in a Markov model to predict future changes. He 

classified three Landsat TM images based on seven land use and land cover classes 

including built up, barren land, cropland, horticulture farms, dike-pound land, forest land, 
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and water. He used the land use and land cover change data to establish the validity of 

Markov prediction. The Markov process produced transition probability matrixes for 

1989-1997, 1989-1994, and 1994-1997. Based on these transition matrices he 

calculated the percentage of change in the future. He found that 7.14% of the land will 

be built area, 0.58% of the land will be barren land, 11.37% will be cropland, 24.19% will 

be horticulture farms, 5.1% will be lake-pound, 11.76% will be forest, and 39.39% will be 

water. As a result, urban and horticulture farms have increased and cropland has 

decreased. 

Like other research employing CA_Markov models to predict future land use and 

land cover changes, this study found that increased urbanization causes a reduction of 

vegetated areas. Though the CA Markov model is a powerful prediction model high in 

accuracy, there are two limitations to this type of model. The first limitation is the model 

predicts future changes by assuming that past land cover trends are a suitable 

indication of future trends. In other words, new land use and land cover pattern trends 

will not be considered in the prediction analyses (Sun et al., 2007). The second 

limitation is the model does not include any socioeconomic considerations in 

determining future projections. In order to eliminate or minimize these limitations, 

another advanced analysis, such as logistic regression, could be implemented along 

with the prediction model to increase the variability of the results. Regardless of 

limitations, CA_Markov as a prediction model is considered one of the most important 

and advanced tools in the remote sensing and GIS fields to investigate changes in 

landscape. 
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The ultimate goal of this paper is to utilize a remote sensing and GIS advanced 

model to predict future urban land transformation in Alachua County for 2013, 2018, and 

2023 associated with future urban population growth. The results of this paper indicate 

two scenarios of urban land use change in Alachua County (pre and post real estate 

economic boom). The first scenario detects future expansion of urban and suburban 

areas ranging from 3% to 7%. These expansions will likely be located in the central and 

northern parts of the county. The second scenario detected no land transformation in 

Alachua County from 2008 to 2018, and 0.01% of urban expansion will take place from 

2018 to 2023. These predictions for future urban land use changes are produced 

according to trends detected from changes occurring in the past. Both scenarios offer 

valuable insight into possible urban land transformations for urban planners and 

decision makers in the Alachua County government. 
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Table 2-1.  Classification accuracy assessments of 1993, 1998, 2003, and 2008 
classified images of Alachua County. 

Classified Image 
Year 

Overall Classification 
Accuracy 

Overall KAPPA 
Statistic 

1993 93.41% 0.8739 

1998 97.42% 0.9513 

2003 98.24% 0.9689 

2008 93.41% 0.8742 
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Table 2-2.  Predicted models accuracy for each image input pair. 

Model Pair Model Type Random Yours Perfect 

1993-1998 % Correct 25.00% 93.52% 100.00% 

Improvement ------- 68.52% 6.48% 

Kno: 0.9136, Klocation: 0.9173, and 
KlocationStrata : 0.9173. 

1998-2003 Model Type Random Yours Perfect 

% Correct 25.00% 95.93% 100.00% 

Improvement ------- 70.93% 4.07% 

Kno: 0.9457, Klocation: 0.9632, and 
KlocationStrata : 0.9632. 

1993-2003 
 
 

Model Type Random Yours Perfect 

% Correct 25.00% 95.82% 100.00% 

Improvement ------- 70.82% 4.18% 

Kno: 0.9443, Klocation: 0.9610, and 
KlocationStrata : 0.9610. 
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Table 2-3.  Future predicted changes in Alachua County, FL from 1998 to 2013, 2018, and 2023. 

-Change in pixel number and corresponding area from 2008 to 2013- 
Class type Classified pixels in year Classified pixels in year Change in km2 Change in % 

 2008 2013   

Water    143,713    143,713 No change No change 

Vegetation 2,212,879 2,126,942 Loss of 77.34 -3.16% 

Built Area    354,849    440,786 Gain of 77.34 +3.16% 

  
-Change in pixel number and corresponding area from 2008 to 2018- 

 
 

 
2008 

 
2018 

 
 

 
 

Water    143,713    143,713 No change No change 

Vegetation 2,212,879 2,080,111 Loss of 119.49 -4.89% 

Built Area    354,849    487,617 Gain of 119.49 +4.89% 

 
-Change in pixels numbers and corresponding area from 2008 to 2023- 

 
 

 
2008 

 
2023 

 
 

 
 

Water     143,713     143,713 No change No change 

Vegetation  2,212,879  2,033,831 Loss of 161.14 -6.60% 

Built Area     354,849     533,897 Gain of 161.14 +6.60% 
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Table 2-4.  Future predicted changes in Alachua County, FL from 1998 to 2013, 2018, and 2023 based on 1993 and 1998 
pair 

-Change in pixels numbers and corresponding area from 2008 to 2013 based on 1993 and 1998- 

Class type Classified pixels in year Classified pixels in year Change in km2 Change in % 

 2008 2013   

Water    143,713    143,713 No change No change 

Vegetation 2,212,879 2,212,815 Loss of 0.057 0.00% 

Built Area    354,849    354,913 Gain of 0.057 0.00% 

 
-Change in pixels numbers and corresponding area from 2008 to 2018 based on 1993 and 1998- 

  
2008 

 
2018 

 
 

 
 

Water     143,713    143,713 No change No change 

Vegetation 2,212,879 2,212,708 Loss of 0.153 0.00% 

Built Area     354,849    355,020 Gain of 0.153 0.00% 

 
-Change in pixels numbers and corresponding area from 2008 to 2023 based on 1993 and 1998- 

 
 

 
2008 

 
2023 

 
 

 
 

Water     143,713    143,713 No change No change 

Vegetation 2,212,879 2,212,550 Loss of 0.296 -0.01% 

Built Area     354,849    335,178 Gain of 0.296 +0.01% 
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Figure 2-1. Study area map of Alachua County that includes major roads and city 

names. Source: Alachua County GIS Service Center. 
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Figure 2-2. The classified remotely sensed images for years: a) 1993, b) 1998, c) 2003, 

and d) 2008. 
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Figure 2-3. The predicted land use and land cover maps for years: a) 2013, b) 2018, 

and c) 2023 based on the input image date 1998-2003. 
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Figure 2-4.The population of Alachua County, FL from 1950 to 2025. Source: (Smith et 

al., 2008). 
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CHAPTER 3 
URBANIZATION AND THE URBAN COOL ISLAND IN THE STATE OF KUWAIT, 

USING REMOTE SENSING AND GIS ANALYSIS FROM 1986 TO 2010 

Urbanization is one of the most recognizable human activities transforming the 

Earth‟s surface across time. Land Change Science (LCS) investigates the impact of 

urbanization (as well as other causes of change in land use and land cover) on the 

Earth‟s surface, from environmental and human perspectives, using GIS and Remote 

Sensing (Turner, 2002; Lambin et al., 2006). Urbanization is defined as any human 

activities that alter the environment to generate and maintain urban places including 

habitation, transportation, construction, communication, industrialization, education, and 

many others (Elvidge et al., 2004). Chen (2006) asserts urbanization refers to the 

growth of urban population and the expansion of urban areas. Urbanization is usually 

measured by calculating the percentage of the population occupying urban places from 

the overall population (Berry, 1980). 

The urban populations of both developed and developing countries continue to 

grow, and the urbanized areas of each, therefore, continue to expand. In both 

developing and developed countries, the increase of urban population is attributed to 

two main sources: net migration and natural increase (Berry, 1990). Net migration is the 

difference between in and out migrations; natural increase is the difference between the 

birth rate and the mortality rate. In developed countries urban population is expected to 

grow despite low natural increase, and the source of population growth in such 

countries is primarily net migration. Developing countries have simultaneously high 

natural increase and high net migration causing the urban population growth to be much 

higher than that of developed countries. The percentage of urban population in India, for 

example, increased from 17.3% (62.4 million) in 1951 to 30.5% (306.9 million) in 2001, 
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and the population of urban areas is predicted to be 400 million and 533 million by 2011 

and 2021, respectively (Rahman, 2007). Furthermore, according to Kasarda (1991), the 

urban population of developing countries was only 16% from the total population in 

1950, boosted to 30% within thirty-five years, and is expected to continue to increase. 

Urbanization has started late in developing Middle Eastern countries in 

comparison to the more developed western countries. Developing countries did not 

experience the transformation of rural areas to urban areas until late in the 20th Century 

with the advance of economic development (Vlahov and Galea, 2002). For example, the 

process of urbanization began in the Arab world in the late 20th Century when the 

population started to increase rapidly and society initiated the building of more 

urbanized areas that are mostly styled after western cities. Meanwhile, the urban 

population in Britain is currently 92% where as the urban population was 8% in 1939 

and 11% in 1987 (Nicholson-Lord, 1987; Douglas, 1994). Though the expansions of 

urban areas of developed and developing countries are similarly dependent upon 

continued population growth, developed countries began to experience the 

transformation of natural areas to built areas at an earlier date than developing 

countries as a result of economic and demographic growth (Knox and McCarthy, 2005). 

Middle Eastern countries are experiencing urban expansion and population 

increase. In the developing African countries of the Middle East, populations are 

expected to increase from 10% to 17% by 2013 (Belaid, 2010) due to the immigration, 

from rural areas to urban areas, of populations in pursuit of a better lifestyle. This 

increase of population, associated with urban expansion, includes several Middle 

Eastern countries such as Egypt and Morocco. North African countries are the most 
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urbanized on the whole continent with an average urban population reaching 54% 

(Belaid, 2010). Furthermore, several wealthy countries in the eastern portion of the 

Middle East, located in western Asia, are experiencing urbanization as a result of the 

petroleum boom. The discovery of oil wells in Kuwait, Bahrain, Qatar, KSA, and UAE 

has created an economic boost resulting in an increase in population growth and urban 

expansion. The economic growth in these countries prompted professional experts and 

laborers to build in order to provide a better life style. In the Arabian Gulf, countries have 

a level of urbanization reaching an average of 84%. The urban population is 92.2% in 

Bahrain, 97.6% in Kuwait, and 92.5% in Qatar (United Nation Population Division, 2001; 

Belaid, 2010). Nowadays, several Arab cities have become some of the world wide top 

modern cities such as Dubai in UAE, which is well known within the tourism and 

business industries.  

The oil discovery in Kuwait and the investment of oil revenue into social and 

economic projects are the main factors for population increase and urban expansion in 

the country (Abu-Ayyash, 1980). The urban population of Kuwait continues to increase 

from both natural increase and immigration. The population for the years 1985, and 

2010 were approximately 1.7 million and 3.3 million respectively (Kuwait Government 

Online, 2010), and the estimated population of Kuwait for 2030 is 4.2 million (United 

Nation Population Division, 2011). Immigration also plays a very important role in the 

population growth of Kuwait where more than two million of the population is composed 

of international workers (U.S. Department of State, 2010). These international workers 

are usually from Middle Eastern and Asian countries and work in Kuwait temporarily 

before returning home. The boost of population from 1985 to 2010 in Kuwait caused an 
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increase in urbanized areas, which impacted land transformation in the country within 

the same period of time. 

The Kuwaiti Government controls oil revenue and manages the planning and 

implementation of urban development (Kaganova et al., 2005). Three master plans for 

urban development were designed and implemented to accommodate the demand for 

new urban developments as well as the increase of population in Kuwait. The first 

master plan in 1951 by the British firm Minoprio, Spencely and McFarlane (Mahgoub, 

2008) addressed the demand for new urban developments and shaped the current 

modern urbanized areas. The master plan aimed to construct transportation networks, 

and residential, industrial, and commercial zones within a forty-year timeframe. The 

government developed second and third master development plans in order to 

accommodate the increase of population (Abu-Ayyash, 1980); the population in 1957 

was around 200,000, and this population increased to be 955,000 in 1975 (Algharib, 

2008; Abu-Ayyash, 1980). 

The increase of urbanized areas worldwide has attracted several researchers to 

investigate urbanization as a phenomenon that may cause a multitude of social and 

environmental problems. Poverty, for example, is one of the social problems relating to 

urbanization, as 50% of the urban population lives below the national poverty levels in 

Bangladesh, El Salvador, Gambia, Guatemala, and Haiti (Knox and McCarthy, 2005). 

Furthermore, according to Elvidge et al. (2004) many changes in the environment are 

strongly related to urbanization including an increase of precipitation runoff, loss of 

vegetation, and air pollution. According to Al-Mutairi and Koushki (2009), air pollution 

increased and exceeded the permitted standard level in Kuwait‟s urbanized areas from 
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1998 to 2004. Additionally, the coastal urbanization of the southern areas of Kuwait 

resulted in rising sea surface temperatures (Al-Rashidi et al., 2007). Many social 

science fields monitor the tremendous social and environmental changes resulting from 

urbanization in order to analyze, explain, and predict future changes. 

Land change science analyzes the transformation of the Earth‟s surface resulting 

from human activities by using remote sensing to identify the changes taking place over 

a period of time. According to Turner et al. (2007), Land Change Science (LCS) is a 

research community interested in: 1) observing, detecting, and monitoring changes in 

land throughout the world; 2) understanding these changes as a part of the human 

system; 3) modeling land change using spatially explicit models; 4) assessing field 

outcomes such as sustainability or resilience. Remote sensing is a technique of 

collecting information about objects (using satellites, airplanes, or vehicles) without 

physical contact with the monitored objects. Remote sensing employs sensors to collect 

the electromagnetic energy reflected by an object across the surface of the Earth 

(Fussell et al., 1986; Jensen, 2005). In other words, Land Change Science investigates 

transformations of a place over a period of time by applying a comparative analysis of 

remotely sensed images to identify differences. 

There is a limited amount of research implementing remote sensing to study land 

use and land cover changes in Kuwait. Most research utilizes historical data to 

determine the level of growth in urban areas. By employing remote sensing and GIS, 

this study investigates recent urban developments in Kuwait and the associated land 

transformations within a period of twenty-five years. Five Landsat TM and ETM+ images 

for 1986, 1990, 2000, 2005, and 2010 were used to identify urban land use changes in 
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Kuwait from 1986 to 2010. In this study, pixel-based classification was employed to 

classify the satellite images; accuracy assessment analyses were implemented to 

ensure the reliability of the classified images; change detection analyses were utilized to 

determine urban land use change; and thermal band analysis was used to detect 

change in LST. 

The outcomes of this study could assist developers and policy makers in 

understanding the trends of urban expansion in Kuwait. Analyzing urban expansion and 

land transformation in the study area may support the designation of new areas for 

urban development. The thermal band analysis results could provide valuable 

information about the nature of surface temperatures for different land use and land 

cover categories. This study attempted to answer three main questions: 1) How has 

urban land use expanded over other land cover classes in Kuwait from 1986 to 2010? 

2) How does the increase of population influence the direction of urban expansion in 

Kuwait? 3) Is the increase of urbanization affecting the LST in Kuwait?  

Methodology 

Study Area 

This study investigates Kuwait, a country located in the eastern portion of the 

Middle Eastern region. Kuwait is located south of Iraq and northeast of the Kingdom of 

Saudi Arabia, and the country is bordered by the Arabian Gulf from the eastern side 

(Figure 3-1). Extending between latitudes (28º 30‟ and 30º 06‟) and longitudes (46º 30‟ 

and 49 º 00‟), Kuwait is similar to other Arabian Gulf countries with deserts covering the 

majority of the land surface (Kwarteng and Chavez, 1998). The desert environment 

characterizes the country‟s climate. The summers are hot, long, and dry with a 

maximum temperature of 50°C; winters are warm and short with a mean temperature of 
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17.7°C and an annual precipitation average around 100mm (Algharib, 2008; Kuwait 

Government Online, 2010; and Kwarteng and Chavez, 1998). 

Kuwait has six governmental districts Al-Asma, Hawalli, Al-Ahmadi, Al-Farwania, 

Al-Jahra, and Mubarak Alkabier (Figure 3-2). These districts vary in terms of size, 

location, and age, and each district has several suburban and residential areas. Al-

Asma, for example, is the oldest district in the country and the nearest to the capital. 

The suburban and residential areas of Al-Asma include Addullah al-salem, Doha, Faiha, 

Kuwait city, Mansouriya, Nuzha, Qadsia, Shuwaikh, Shammiya, and Sulaibkhat. In 

2010, the country occupied 178,18 km2 of land with a population approximately 3.3 

million (The World Fact Book, 2010; Kuwait Government Online, 2010). Kuwait‟s 

population is allocated in the six governmental districts along the central and southern 

coastlines, which is equivalent to 6% of the total land area. According to the United 

Nations Population Division (2003), the urban population of Kuwait is 97.6% of the total 

population placing Kuwait as the second most urbanized country in the world (Mahgoub, 

2008). 

The government of Kuwait owns most of the country‟s land, and controls the 

distribution of land for residential, agricultural, industrial, and public use (Kaganova et 

al., 2005). Private ownership of land is mostly limited to Kuwaiti nationals within existing 

developed areas. In other words, the government controls non-developed land and is 

responsible for assigning new areas for development. The development of urban areas, 

therefore, requires government permission. The area designated for urban development 

is concentrated in a very small portion of the country, which is the main study area for 

this research. 
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Data Preparation 

Five cloud free Landsat TM and ETM+ images were obtained for 1986, 1990, 

2000, 2005, and 2010 for the study area. Five years was the intended time period 

between satellite images, but the availability of acceptable images changed this time 

frame. The 1986 TM Landsat image, acquired on February 17th, was the earliest scene. 

The second Landsat TM scene was acquired on September 8, 1990. The invasion of 

Saddam Hussein to Kuwait in 1990 caused burning and spilling oil wells over large 

areas and created a problem for obtaining clear satellite images. As a result, the 2000 

image, obtained on August 18th, was the third available Landsat TM image. Due to the 

Landsat ETM+ (SLC_OFF) problem, the Landsat ETM+ images for 2005 and 2010 were 

obtained and gap filled through a private agency using adaptive localized histogram 

matching and specific scene-based alterations techniques. These techniques utilized a 

cloud free Landsat ETM+ (SLC_ON) from 2003 image as the base image to fill the 

missing gaps in the 2005 image. The missing gaps in the 2005 image were 27.6% of 

the study area. The adjusted 2010 image was later used to fill the missing gaps in the 

2010 image. The missing gaps in the 2005 image were 24.6% of the study area. The 

Landsat ETM+ 2005 scene was acquired on July 23rd, and the latest image was 

obtained on March 15th of 2010. The Landsat TM and ETM+ images were registered to 

UTM coordinate system Zone 19 N, WGS 1984 datum with RMS error less than 10 

meters. Radiometric calibration and correction techniques were performed on 1986, 

1990, and 2000 Landsat images to eliminate or minimize image differences and 

atmospheric variations like solar elevation and atmospheric effects (Kwarteng and 

Chavez, 1998). 
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The radiometrically calibrated and gap filled images were overlaid with GIS layers 

to determine a specific area for the research investigation. A vector data set of Kuwait 

designated areas for development was utilized in ArcMap with the satellite images to 

determine the areas for the classification process. Furthermore, the Arabian Gulf area 

was eliminated from all satellite images to make the classification process simpler. The 

assigned areas for urban development were subset from all images to provide better 

classification accuracy. The images include all developed areas and areas assigned for 

future development. The five subset Landsat images were incorporated in the 

classification process, accuracy assessment, and change detections. 

Image classification 

In this study, pixel-based classification methods were employed to classify all 

Landsat images. The process of pixel-based analysis is to classify the remotely sensed 

images according to each pixel value presenting a reflectance signature. This set of 

analysis techniques includes two widely utilized classifications: supervised classification 

and unsupervised classification. 

 Supervised classification is defined as the process of determining the identity and 

location for land use and land cover classes based on either previous knowledge of the 

study areas or interpretation of aerial photography, map analysis, and personal 

experience (Hodgson et al., 2003; Jensen, 2005). After identifying sets of pixel values 

for each land use and land cover class, an algorithm calculation is usually assigned in 

the software to generate a final output classified image or map. The analyst selects the 

spectral signature or pixel values from previous observation, and the computer system 

then recognizes the pixels with like characteristics to determine their class membership 

(Elhadi and Zomrawi, 2010). 
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Depending on the data needing to be analyzed and the study objectives, the 

analyst selects an algorithm calculation such as maximum likelihood, minimum 

distance, or nearest-neighbor (Jensen, 2005). The maximum likelihood algorithm, 

considered the most commonly used algorithm (Jensen, 2005), calculates the 

probability of assigned pixels relating to a specific class and assumes that each class in 

every band is statistically normally distributed (Elhadi and Zomrawi, 2010). To achieve 

study objectives, Southworth (2004) employed the maximum likelihood algorithm to 

classify a Landsat TM into seven classes: 1) urban/roads; 2) water sink holes; 3) 

water/shade; 4) bare/soil; 5) irrigated agriculture; 6) early-mid successional forest; 7) 

mid-late successional forest. The study was conducted in Yucatan, Mexico to 

investigate the ability of thermal band classification to differentiate the types of forest 

successional growth stages. The study concluded that thermal band is very useful for 

land cover class differentiation. 

Though supervised classification (maximum likelihood algorithm) was the main 

approach used for classifying images, unsupervised classification was the initial 

classification method used in order to determine the preliminary classification schemes. 

The results of the unsupervised classification method (ISODATA) indicated the 

simplicity of land cover classes in the study area. In other words, unsupervised 

classification assisted the classification schemes determination process for two land use 

and land cover classes including built up and non-built areas. Built up areas, located 

within urban and suburban areas, are characterized by built structures such as airports, 

highways, and shopping centers. Non-built areas include areas devoid of built structures 
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such as deserts, farms, and bodies of water. GIS layers, Google Earth™, and prior 

knowledge of the study area were employed to classify the satellite images. 

Unsupervised classification is defined as the process of classifying remote sensing 

images into land use and land cover classes without prior knowledge of the study areas. 

The process of classification relies on the computer system to group pixel values with 

similar characteristics into unique classes based on the statistical determination criteria 

(Duda et al., 2001; Jensen, 2005). This type of analysis is usually employed to provide 

general information regarding clusters in the image. The analyst utilizes unsupervised 

classification to understand the nature of pixel values by producing several 

unsupervised classified images. Unsupervised classification, therefore, assists the 

analyst in determining the classification scheme. 

 Unsupervised classification is very suitable for obtaining information about land 

use and land cover from a multispectral remote sensing image (Loveland et al., 1999; 

Huang, 2002; Jensen, 2005). This classification provides spectral clusters to be 

determined with a high level of objectivity through two main steps: grouping the pixel 

values with similar properties into clusters and labeling the clusters by the analyst based 

on their characteristics (Yang and Lo, 2002). Both techniques were used to classify the 

remotely sensed images in this study. The unsupervised classification was used in this 

research to investigate the nature of land use and land cover types in Kuwait. One of 

the study‟s remotely sensed images was classified first for ten classes and then for five 

classes to check the level of reflectance of land cover and land use type in the study 

area. The unsupervised classification indicated that land use and land cover classes in 

the study area are easily differentiated from each other. 
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Change detection analyses 

Change detection analyses were implemented in this study to detect land use and 

land cover changes in Kuwait from 1986 to 2010. Urban remote sensing research 

generally uses change detection techniques to monitor changes in urban land use areas 

over a period of time (Weng, 2002; Yagoub, 2004; Shalaby and Tateishi, 2007; Yuan, 

2010). Change detection techniques detect the dates, the types, the sizes, and the 

spatial patterns of change (MacLeod and Congalton, 1998; Lu et al., 2004). Post-

classification change detection is considered to be a straightforward comparison 

technique (Zhang et al., 2002). This method requires two classified images from two 

different dates for the same study area. These two classified images should have the 

same land use and land cover classes, which need to be combined in order to 

determine the from-to changes of the classes. 

Post-classification change detection was incorporated in this study to identify 

changes in urban areas from 1986 to 2010. A change trajectory image was created to 

incorporate the trajectories of built up and non-built development at a pixel scale. The 5 

image dates were used (1986, 1990, 2000, 2005, and 2010) to create a 32-class 

change trajectory. For example, a non-built area that was urbanized in 2005 would have 

a trajectory recorded in those pixels of Non-Non-Non-Built-Built. As such we can record 

the amount of change at a pixel level and the date the change occurred. From these 32 

change classes the most dominant trajectories can be distinguished. The result of the 

change detection analyses identifies changes in built and non-built areas in Kuwait‟s 

urban development area from 1986 to 2010 (Figure 3-3). 
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Thermal band analysis 

Thermal bands analysis was also undertaken in this research to investigate the 

Earth‟s surface temperatures of land use and land cover classes in Kuwait. Thermal 

bands measure the infrared energy emitted from the Earth‟s surface, which is 

appropriate for analyzing surface temperatures and thermal activities (Jensen, 2000). 

This analysis examined the temperatures of non-built and built up areas to determine 

potential differences in temperature. In this study, thermal bands of Landsat TM and 

ETM+ were analyzed for 1986, 1990, and 2000 to investigate changes in Kuwait‟s Land 

Surface Temperatures (LTS). The Landsat ETM+ images were eliminated from this 

analysis due to the sensor problem (SLC_OFF) in thermal band. The extracted thermal 

bands were combined with the classified images to determine the temperatures of the 

Earth‟s surface based on non-built and built up classifications. The temperatures of the 

two classes were converted to black body temperatures in degrees Fahrenheit within 

the IDRISI ® Taiga software package. The results of this analysis determined the effect 

of urbanization on surface temperatures in Kuwait. 

Several studies within the remote sensing field have either conducted thermal 

band analysis independently to examine surface temperatures or integrated thermal 

band analysis into the process of classifying remotely sensed images to increase the 

level of accuracy. In a study conducted by Southworth (2004) thermal band analysis 

was used along with a maximum likelihood classification for Landsat TM images in 

order to link the thermal band of the land cover classes. The study found a significant 

relationship between land cover class and resultant blackbody surface temperatures. 

Moreover, Jiang and Tian (2010) conducted a study in Beijing, China using thermal 

band analyses to investigate the influence of urban development on LST. They utilized 
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three Landsat TM and ETM+ scenes to cover Beijing area, which were obtained in1995 

and 2000, to retrieve the temperatures of the land surface for forest land, cultivated 

land, water, grassland, built up and unused land. They also generated temperature-

vegetation index spaces to study the effect of land changes on the temperatures. The 

study found that the change in land use and land cover classes increased the surface 

temperatures in the Beijing area. The increase of LST was related to the loss of forest 

land and the expansion of urban development. 

Results 

Accuracy Assessment Analyses 

The five Landsat TM and ETM+ images were classified in ERDAS IMAGINE ® 

using a maximum likelihood algorithm technique based on initial unsupervised 

classification clusters (Figure 3-4). The classified images were incorporated in the 

accuracy assessment analyses to measure the level of agreement between the 

classified pixels and the ground surface. The analyses employed Kappa coefficient to 

calculate overall accuracy for all classified images. A minimum overall accuracy of 90% 

was used to determine the acceptability of the images within the urban remote sensing 

field. The 300 training points obtained from GIS and Google Earth™ and prior 

knowledge of the study area were implemented in the accuracy tests. The accuracy 

assessment calculates overall accuracy, user‟s accuracy, producer‟s accuracy, and the 

Kappa statistic. Table 3-1 shows results for the accuracy assessment analyses for all 

classified images. 

Change Detection Analyses 

The classified images were analyzed to detect changes in land use and land cover 

classes in Kuwait from 1986 to 2010. A table was generated to show the classified 
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pixels and the information about the coverage in square kilometers for built up and non-

built areas (Table 3-2). Based on the change of land use and land cover classes in 

pixels and square miles, the study area experienced an expansion of urban 

development from 1986 to 2010. The general trends of change in land use and land 

cover classes in Kuwait indicate an increase of urban development within a time period 

of 24 years. Change detection analyses were undertaken for all classified images to 

analyze these changes. Table 3-2 details information about land transformation in 

Kuwait from 1986 to 2010 in built up and non-built areas. 

The classified images of built up and non-built areas were implemented in post-

classification change detection analyses. The classified images were combined to 

determine the states of from-to changes in the classes. The change trajectories for two 

land use and land cover classes for 1986, 1990, 2000, 2005, and 2010 may indicate the 

amount of change taking place in Kuwait within the study time frame. The changes in 

land use and land cover in the study area were calculated in pixels, percentage, and 

km2 (Table 3-3). The change detection analyses were also visualized in a land use and 

land cover map to provide information regarding the location of change (Figure 3-5). 

The change detection table and figure indicate six change trajectories, that higher 

than 1% of change, within the study area: 1) Non-Non-Non-Non-Non (never urbanized); 

2) Non-Non-Non-Non-Built (recent urbanization); 3) Non-Non-Non-Built-Built (urbanized 

since 2000); 4) Non-Non-Built-Built-Built (urbanized since 1990); 5) Non-Built-Built-Built-

Built (urbanized since 1986); 6) Built-Built-Built-Built-Built (urbanized prior 1986). 

 NON-NON-NON-NON-NON. Indicates the exclusively non-built areas from 1986-
2010. Non-built areas occupied 515.5 km2, and the number of classified pixels for 
non-built areas was 573,704. The percentage of non-built areas was 58.7% of the 
total study area. Figure 3-5 highlights the non-built areas in brown. 
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 NON-NON-NON-NON-BUILT. Shows the transformation of non-built areas to 
urban development areas since 2005. Table 3-3 shows 5.3% of the total study 
area converted to urban development area. This land transformation covered an 
area of 46.6 km2, located in the southern and western portions of the study area, 
with 51,894 classified pixels. Figure 3-5 highlights the non-built areas converted to 
urban development areas in green. 

 NON-NON-NON-BUILT-BUILT. Indicates the transformation of non-built areas to 
urban development areas since 2000. Table 3-3 shows this land transformation to 
be 3.5% of the total study area. It covers an area of 31 km2 with 35,588 classified 
pixels. The land transformation is located in the central and western portions of the 
study area. Figure 3-5 highlights the land transformation areas in red. 

 NON-NON-BUILT-BUILT-BUILT. Indicates the transformation of non-built areas to 
urban development areas since 1990. Table 3-3 shows the land transformation to 
occupy 3.8% of the total study area covering 33.6 km2 with 39,334 classified 
pixels. The transformation of land from non-built areas to built up areas was 
located in the central portion of the study area. Figure 3-5 highlights the land 
transformation areas in blue. 

 NON-BUILT-BUILT-BUILT-BUILT. Shows the transformation of non-built areas to 
urban development areas since 1986. Table 3-3 shows the land transformation 
area was 4.7% of the total study area with 45,014 classified pixels. By this time, 
41.4 km2 areas for urban development were identifiable. The transformation of 
land from non-built areas to built up areas was located in the central portion of the 
study area. Figure 3-5 highlights the land transformation areas in purple. 

 BUILT-BUILT-BUILT-BUILT-BUILT. Indicates the transformation of non-built areas 
to urban development areas since before 1986, which included areas that built up 
before and after 1986. Table 3-3 shows the land transformation area was 24% of 
the total study area at the beginning of study time series. The number of classified 
pixels for built up areas was 233,324 equal to 209.79 km2. Figure 3-5 includes 
built up areas that existed in the study area before 1986. These areas are located 
in the northern part of Kuwait, where the capital and business services are located. 
Kuwait experienced urban expansion in several parts of the designated land for 
urban developments. Figure 3-5 highlights the existing urban area in yellow. 

Thermal Band Analysis 

Three classified Landsat TM images were implemented in thermal bands analysis 

for 1986, 1990, and 2000 to examine the influence of urbanization on Earth‟s surface 

temperatures in Kuwait. Table 3-4 shows the average black body temperatures for non-

built and built up areas of each classified image. The black body temperatures of built 
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up areas of the 1986 image was 59.20°F, and the black body temperatures for non-built 

areas was 60.49°F. The black body temperatures of built up areas of the 1990 image 

was 104.51°F, and non-built areas had a temperature of 106.51°F. The black body 

temperature of the 2000 image was 111.63°F, and the temperature for non-built areas 

was 115.44°F. Figure 3-6 shows built up and non-built up areas associated the black 

body temperatures. According to the outcomes of the thermal band analysis, 

temperatures of built up areas are cooler than non-built areas in 1986 by 1.29°F. The 

deference increased to 2.00°F in 1990 and 2000 by 3.81°F.  

The lower temperatures of built up areas compared to non-built areas could be 

related to the contrasting textures and to the different types of vegetation present within 

the urbanized areas of Kuwait and the neighboring deserts. In the urbanized areas of 

Kuwait, the texture is influenced by the presence of buildings and the materials utilized 

in urban development. The buildings commonly include white flat roofs and bright 

pavement that reflect the sun‟s rays, and the urban development areas usually contain 

implanted vegetation in order to provide better air quality. Contrastingly, the sand and 

the lack of vegetation characteristic of the desert environment cause the sun‟s rays to 

be absorbed and the temperature to rise. 

Discussion and Summary 

This research aimed to investigate land use and land cover change in Kuwait 

between 1986 and 2010 to determine the amount of land transformation in urban areas. 

The utilization of remote sensing and GIS in this study requires a process of validation 

to ensure that the outcomes of analyses are acceptable and reliable. The five Landsat 

images were classified and validated in ERDAS IMAGINE ®. The accuracy assessment 

analyses produced a level of accuracy ranging from 90.06% to 94.21%, which these 
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levels of accuracy are acceptable within the remote sensing field (Hartter and 

Southworth, 2009). 

Change detection analyses were implemented in this study for all classified 

images to detect land transformation taking place in Kuwait from 1986 to 2010. Within a 

period of 24 years, non-built areas reduced by 155.3 km2. Non-built areas decreased 

from 670.8 km2 in 1986 to 515.4 km2 in 2010. Meanwhile, built up areas increased from 

209.7 km2 in 1986 to 362.6 km2 in 2010. The percent of built up areas from total areas 

escalated by 17.4% from 1986 to 2010. According to the change trajectories analyses, 

4.7% of the total area transformed to urban development areas between 1986 and1990. 

This percentage decreased from 1990 to 2000 due to Saddam Hussein‟s invasion, 

which decreased the percentage of non-built areas transformed to built up areas to 

3.8%. The percentage of land transformed to non-built areas was 3.5% between 2000 

and 2005, and the percentage increased to be 5.3% from 2005 to 2010. 

Urban areas in Kuwait, during the time period of this study, expanded in different 

directions. The overall change in built up areas was located in the central and southern 

portions of the country. The development of built up areas resulted in the formation of 

new towns such as Janob Al-sorah, Om-Alhiman, Al-Zahraa, and many others. The 

increase of urban development in Kuwait relates to the increased demand on urban 

areas caused by population growth. The population was almost 1.7 million in 1985 and 

increased to over 3.3 million by 2010 (The World Fact Book, 2010; Kuwait Government 

Online, 2010) and 97.6% of Kuwait‟s total population lives in urban areas (Mahgoub, 

2008). 
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The non-built areas transformed to built up areas between 1986 and 2010 in 

various parts of the country. The expansion of new urban areas between 1986 and 

1990 included four cities located east of Fahaheel between two highways (King Fhad 

and Fahaheel highways): Al-Qurain, Al-Adan, Al-Qusor, and Mubarak Alkabier (Figure 

3-5). New urban areas took an infill shape just south of Kuwait City in the central portion 

of the study area. From 1990 to 2000, the construction of new residential areas such as 

Al-Shoada and Al-Sadieg occurred east of Khaittan and west of Fahaheel, and infill 

urban developments were located south and southwest of Kuwait City. Between 2000 

and 2005, urban areas expanded with the construction of new residential developments 

in the area south of Al-Jahra City, the area west of Khaittan, and in southeastern areas. 

Most of the urban expansion between 2005 and 2010 was located in the southern part 

of the study area reflecting the development of four new residential cities: Al Mangaf, 

Sobah Alahimad, Al Wafra, and Fahad Alahmad. The overall patterns of urbanization 

indicate that Kuwait experienced a great amount of land transformation from non-built to 

built up areas within the 24 years period. 

Thermal band analysis was implemented in this study to investigate differences 

between the surface temperatures of built up and non-built areas. The study found that 

non-built areas had higher temperatures than built up areas with a difference raged from 

1.29°F to 3.81°F. The thermal analysis detected that surface temperatures decrease 

with increases of urban areas (Figure 3-6). Kwarteng and Small (2005) also found in 

their study of thermal environments in New York City and Kuwait City that urban 

developments in Kuwait City are cooler than non-built areas. Utilizing Landsat ETM+ 

images of Kuwait City and New York City to analyze surface temperatures, they 
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concluded urban surface temperatures were higher in New York City than the 

surrounding areas and urban surface temperatures in Kuwait City were cooler than the 

surrounding areas. This interesting finding is a function of the climate in Kuwait and the 

surrounding non-built lands, which are generally deserts. 

The thermal analysis of this study concluded that more urban areas in Kuwait 

would decrease the surface temperature. The finding of this study that urban expansion 

created Kuwait‟s Urban Cool Island is supported by the study of Kwarteng and Small 

(2005). The decrease of temperatures in areas of urban development could possibly be 

explained by the texture of residential areas. Developers incorporate vegetation in their 

plans for new residential areas to minimize environmental problems like air pollution, 

which may decrease surface temperatures in a desert environment such as Kuwait. 

This unexpected outcome is interesting in consideration of various studies regarding the 

“Urban Heat Island” of many temperate regions (Shimoda, 2003; Lo and Quattrochi, 

2003; Lozada et al., 2006). Despite the positive effect urban expansion may have on 

surface temperatures in desert environments such as Kuwait, urbanization may still lead 

to a multitude of other social and environmental problems. 

The overall outcome of this study, that Kuwait experienced tremendous amounts 

of land transformation related to the increase of population from 1986 to 2010, is 

supported by the results of several previous studies conducted in the Arabian Gulf. The 

dominant driver of land transformations with the urban built area increasing from 209.8 

km2 (23.4% of area) in 1986 to a total of 362.5 km2 (40.8% of area) by 2010, is the 

population growth. A study conducted by Algharib (2008) employed two Landsat TM 

images to detect changes in the land use and land cover of Kuwait between 1989 and 
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2001. The study found urban expansion in the southwest, south, and west portions of 

the study area caused a 10% increase of the total urban area. Al-Awadhi (2007) 

conducted a study in Muscat, Oman to monitor and model urban expansion by utilizing 

GIS and remote sensing. He used historical land use maps to generate detailed 

datasets along with aerial photographs and high-resolution satellite imagery. The study 

found that Muscat expanded by 650% from 1970 to 2003, where the annual urban 

development growth rate was 20%. 

Urbanization occurs in the majority of Arabian Gulf countries with the exception of 

Yemen. Monitoring urban growth in Al-Ain, UAE was an objective of Yagoub‟s (2004) 

research. The study used remote sensing to monitor urban growth from 1976 to 2000, 

and utilized maps, color aerial photographs, GPS, and GIS. The satellite images were 

obtained for 1976, 1978, 1984, 1994, 1998, and 2000. The study found that the city of 

Al-Ain was expanded in the direction of western and southwestern areas. Built up areas 

occupied 14, 870 hectares in 1990 and increased to 20, 222 hectares in 2000, which 

indicated an increase of 36% within a period of 10 years. The percent of change in built 

up areas reached 70% from 1984 to 2000 proving urbanization has taken place in the 

study area. Another study in UAE utilized 20 GIS layers to detect changes in Al 

Sammalyah Island between 1999 and 2005. The study employed overlay analyses for 

five land cover classes. The study found that built up areas increased by 300% within 6 

years, which equivalents total area of 10 hectares. 

Many studies have been conducted examining urbanization as a phenomenon 

affecting the developing countries of the Middle East. Al Rawashdeh and Saleh (2006) 

conducted a study employing remote sensing and GIS to detect changes in urban areas 
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in Amman City, Jordan from 1918 to 2002. The study used aerial photographs, Landsat, 

and Ikonos to monitor changes of five land cover classes. The study found that built up 

areas increased by 162 square kilometers, which represents 509 times the existing 

areas in 1918. They related the expansion of built up areas to mass immigration and the 

relocation of refugees from Palestine. Moreover, Dewidar (2003) conducted change 

detection analyses and post-classification analyses using two Landsat TM images in the 

northern part of the Nile delta in Egypt between 1984 and 1997 to determine changes in 

land use and land cover classes. The study utilized supervised classification methods to 

classify the two Landsat images. The study found that urbanized areas doubled from 

1984 to 1997. 

The increase in urban development is a phenomenon that is not just happening in 

Kuwait and the Middle East but across the entire world, especially in developing 

countries. Turkey is a country located in the developing world, which is experiencing an 

expansion in urban areas with a rise of population from natural increase and 

immigration. Dougun and Alphan (2006) conducted a study in Iskenderun, Turkey to 

monitor urbanization from 1858 to 2002. The study incorporated GIS historical datasets, 

aerial photographs, and Landsat ETM+ imagery. The study detected a rise of built up 

areas equal to 40 times those of 1858, and identified population growth as the main 

driving force for urbanization. Similarly, Kaya (2007) related urban expansion in 

Istanbul, Turkey between 1987 and 2001 to population growth. He used two Landsat 

TM and ETM+ satellite images classified for five land use and land cover classes to 

determine changes in the study area. The study found that urban areas increased by 

1000 hectares per year, and subsequently investigated the relationship between urban 
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expansion and population by comparing urban growth to population growth. Immigration 

was determined to be the main factor for population growth, which was reflected by 

urban expansion. 

Urbanization began in the modern day developing world in the late 20th Century 

and the developing world will continue to experience the increase of urban population 

and the expansion of urban areas. Urban populations will continue to rise as a result of 

natural increase and immigration from rural areas to urbanized areas in the search for a 

better life style (Vlahov and Galea, 2002). Urban areas will continue to expand as a 

result of the population growth. The implementation of remote sensing and GIS 

technologies to investigate changes in land use and land cover over periods of time 

could be a powerful source of information for policy makers. The outcomes of such 

research provide decision makers with information regarding the trends, the sizes, and 

the types of changes taking place in the past enabling them to generate better plans for 

the future. 

The conclusions of this study regarding land use and land cover activities in 

Kuwait from 1986 to 2010 support the idea of providing more land for urban 

developments in Kuwait. By utilizing remote sensing and GIS technologies, valuable 

information was obtained that could be useful to urban planners and decision makers in 

the Kuwaiti Government. Urbanization and population growth are predicted to continue 

increasing in the study area. The concentration of population within a small urban area 

increases the likelihood of environmental problems associated with urbanization such 

as air pollution. The designation of additional urban development areas, therefore, is 

strongly suggested by this study as the construction of sustainable urban developments 
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might assist in the prevention of future environmental problems. Surprisingly the well 

known „Urban Heat Island‟ phenomenon described in hundreds of research articles 

(Bornstein, 1968; Price, 1979; Torok et al., 2001; Shimoda, 2003; Lo and Quattrochi, 

2003; Lozada et al., 2006) is here an Urban Cool Island, which is a fascinating 

discovery for Kuwait and for other desert environment countries. Future research will 

investigate this phenomenon and its importance in the global change arena in more 

detail. 
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Table 3-1.  Supervised classification 1986, 1990, 2000, 2005, and 2010 accuracy assessment; overall accuracy, user‟s 
accuracy, producer‟s accuracy, and KAPPA statistic. Producers.Acc = Producers accuracy and Users.Acc= 
Users accuracy. 

Supervised Classification 1986 

1986 Non-Built Built Up Classified Totals Users.Acc 

Non-Built 140   16 156 0.897 

Built Up   14 141 155 0.909 

Reference Totals 154 158   

Producers.Acc             0.909             0.892   

Overall Kappa Statistics=0.8019, Overall Classification Accuracy = 90.06% 

 
Supervised Classification 1990 

 
1990 

 
Non-Built 

 
Built Up 

 
Classified Totals 

 
Users.Acc 

Non-Built 144     8 152 0.947 
Built Up     9 149 158 0.943 

Reference Totals 153 158   
Producers.Acc            0.941            0.943   

Overall Kappa Statistics=0.8846, Overall Classification Accuracy = 94.21% 
 

Supervised Classification 2000 
 

2000 
 

Non-Built 
 

Built Up 
 

Classified Totals 
 

Users.Acc 
Non-Built 144   10 154 0.935 
Built Up     9 147 156 0.942 

Reference Totals 153 158   
Producers.Acc             0.941            0.930   

Overall Kappa Statistics=0.8718, Overall Classification Accuracy = 93.57% 
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Table 3-1. Continued 

Supervised Classification 2005 

 
2005 

 
Non-Built 

 
Built Up 

 
Classified Totals 

 
Users.Acc 

Non-Built 147   17 164 0.896 
Built Up     6 140 146 0.958 

Reference Totals 153 158   
Producers.Acc            0.960            0.886   

Overall Kappa Statistics=0.8463, Overall Classification Accuracy = 92.28% 
 

Supervised Classification 2010 
 

2010 
 

Non-Built 
 

Built Up 
 

Classified Totals 
 

Users.Acc 
Non-Built 148   20 168 0.881 
Built Up     5 137 142 0.964 

Reference Totals 153 158   
Producers.Acc            0.967            0.867   

Overall Kappa Statistics=0.8336, Overall Classification Accuracy = 91.64% 

 



 

75 

Table 3-2.  The changes in land use classes in pixels and Square kilometers of 1986, 
1990, 2000, 2005, and 2010 classified images. 

Year Non-Built Area Built Up Area 

Pixels SQ_ Kilometers Pixels SQ_ Kilometers 

1986 745,534 670.8 233,324  209.8 

1990 700,520 629.4 278,338  251.2 

2000 661,186 595.7 317,672            284.9 

2005 625,598 562.0 353,260            318.6 

2010 573,704 515.4 405,154            362.6 

 
 
Table 3-3.  Change trajectories of land use and land cover classes of interest for 

supervised classification images (1986-1990-2000-2005-2010). Built= Built up 
area and Non= Non-built up area. 

Class Type Number of 
classified pixels 

percentage of 
area 

Area in square 
Kilometers 

Non-Non-Non-Non-
Non 

573,704 58.7   515.4 

Non-Non-Non-Non-
Built 

  51,894   5.3     46.6 

Non-Non-Non-Built-
Built 

  35,588   3.5     31.0 

Non-Non-Built-Built-
Built 

  39,334   3.8     33.7 

Non-Built-Built-Built-
Built 

  45,014   4.7     41.4 

Built-Built-Built-Built-
Built 

233,324 24.0   209.8   
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Table 3-4.  Thermal band analyses of built up and non-built up areas for 1986, 1990, 
and 2000 classified images. BB-Temp= Black body temperatures. 

Year Built Non-built Deference in 
Temperature 

Acquisition 
Date BB-Temp BB-Temp 

1986 59.20 60.49 +1.29 Non-built 17-02-86 

1990  104.51  106.51 +2.00 Non-built 08-09-90 

2000  111.63  115.44 +3.81 Non-built 18-08-00 
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Figure 3-1.  Middle Eastern Countries. Source: 

http://letustalk.wordpress.com/2008/07/19/saturday-obama-arrives-in-kabul-
afghanistan/ 
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Figure 3-2.  Kuwait districts and boundaries. Source: Kuwait municipality. 
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Figure 3-3.  Flowchart of land use and land cover change analyses. 
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Figure 3-4.  The classified remotely sensed images for years: a) 1986, b) 1990, c) 2000, d) 2005, and e) 2010. 
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Figure 3-5.  Change detection analyses for non-built up and built up areas.
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Figure 3-6.  The thermal band analysis of Kuwait bulit up and non-built up areas for 

years: a) 1986, b) 1990,and c) 2000. 
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Figure 3-7.  A set of training samples in central of the study area. 



 

84 

 
Figure 3-8.  Land use and land cover change of Kuwait in SQ kilometres from 1986 to 

2010. 
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Figure 3-9.  Land use and land cover change in pixels of Kuwait from 1986 to 2010. 
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CHAPTER 4 
UTILIZING GIS AND REMOTE SENSING TO PREDICT LAND USE AND LAND 

COVER CHANGE IN THE STATE OF KUWAIT FOR 2015, 2020, 2025, AND 2030 

Urbanization, the shifting of rural areas to built up areas, has been transforming 

the Earth‟s surface in recent centuries (Weng, 1999). The phenomenon of urbanization 

results from human activities and is characterized by commercial and residential 

settlements (Nsiah-gyabaah, 2009; Elvidge et al., 2004). According to Berry (1980), 

urbanization is commonly measured through calculating the percentage of urban 

population from overall population. The enormous increase of population in developed 

and developing countries requires new human settlements expanding current urban 

developments to their fringes (Elvidge et al., 2004). Therefore, the two main 

components of urbanization, urban developments and urban population, are 

interconnected and interactive (Cohen, 2004). 

The amount of increase and the source of urban population vary between 

developed and developing countries. Population growth of urban areas is attributed to 

two major sources: natural increase (the difference between mortality rate and birth 

rate) and net migration (the difference between in and out migration) (Berry, 1990). The 

main source of population increase in the developed world is the high trend of net 

migration whereas natural increase is low. The developing countries are experiencing 

greater amounts of population growth caused by simultaneous high natural increase 

and high net migration. It is anticipated, therefore, that future population growth will 

occur mostly in developing countries, and the world‟s urban population is predicted to 

grow by 60% by 2030 (Hall, 2003; Girard et al., 2007; Rahman et al., 2011). 

The high trend of population growth within developing urban areas has made 

some Middle Eastern countries among the highest urbanized areas in the world. 
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Several Middle Eastern and many developing countries have experienced a high rate of 

urbanization since the late 20th Century, especially the Arabian Gulf region, as a result 

of the petroleum boom (Vlahov and Galea, 2002). The discovery of oil wells in Arabian 

Gulf countries such as Kuwait, Bahrain, and UAE generated an economic boost 

producing an increase of urban expansion and population growth. Subsequently, an 

increase in urban population growth caused further expansion of urban areas. In 2001, 

according to the United Nations Population Division, urbanization reached 97.6% in 

Kuwait, 92.5% in Qatar, and 92.2% in Bahrain (AitBelaid, 2010). 

Kuwait‟s urban expansion and associated population growth are related to the 

government‟s allocation of oil revenue into the development of public services and 

resources as well as the improvement of the country‟s infrastructure (Abu-Ayyash, 

1980). Population growth in the country is generated from two major sources: birth rate 

and international immigration. The population in 1985 was approximately 1.7 million and 

2.2 million in 2005 (Kuwait Government Online, 2010). Kuwait‟s investment into social 

and economic projects requires additional workers and, therefore, causes international 

immigration to play an important role in the country‟s population growth. International 

immigrants often work in Kuwait for a period of time before returning home, and the 

percentage of international immigrants exceeded 50% of the total population in 2010 

(U.S. Department of State, 2010). The country‟s overall population will then continue to 

increase, and the estimated overall population is predicted at over 3.5 million (UN 

Population Division, 2004). Moreover, an increase in urban expansion will be necessary 

to accommodate future population growth. 
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Remote sensing and GIS are widely utilized to monitor, analyze, and predict urban 

land use expansion. Rahman (2007) stated that implementing remote sensing in urban 

studies is very useful for: 1) monitoring large scale urban expansion especially in 

outlying areas; 2) determining the vacant areas for construction purposes; 3) conducting 

time-series analysis to determine changes in urban areas (change detection); 4) 

analyzing and monitoring urban landscapes to determine urban sprawl; 5) monitoring 

urban areas pollution such as air or water pollutions; 6) identifying the revenue 

boundaries of villages on the remote sensing images; 7) monitoring and determining the 

characterization of urban heat island; and 8) developing systems for traffic 

management. Investigating and predicting urban expansion may help prevent several 

social and environmental problems caused by urbanization such as poverty, air 

pollution, and rising surface temperatures; although the previous chapter found an 

Urban Cool Island for Kuwait. Identifying the extent, direction, and location of existing 

and future urban areas, therefore, would enable urban planners and decision makers to 

better manage urban expansion trends. 

There are many different remote sensing models that have been employed to 

investigate urban land use. A model is selected and implemented within the social 

sciences according to the model‟s ability to provide the analyst with information 

explaining the relationship between one or more factors (Fragkias and Seto, 2007). 

Shoemaker et al. (2004) defined a model in the social sciences as a simple 

representation of a process or an object of reality, which highlights elements of the 

object and the connection between them. Models are utilized for studying relationships 

and interactions amongst system elements and for creating testable hypotheses and 
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predictions in regards to patterns and mechanisms (Fragkias and Seto, 2007). Within 

urban remote sensing research, models are utilized to study urban expansion such as 

the growth of urban areas, transportation infrastructures, and topographic conditions 

(Henriquez et al., 2006) based on past land use changes determined from remotely 

sensed images. 

Cellular Automata Markov (CA_Markov) along with Markov chain analyses is 

commonly implemented for predicting change within categorical data sets using 

mathematical formulations of probability transitions (Pontius and Malonson 2005). Sun 

et al. (2007) utilized Markov Chain analysis and Cellular Automata analysis to predict 

land use change and urban sprawl. The study implemented six Landsat TM and ETM+ 

images for the city of Calgary, Canada from 1985 to 2001. Data for road networks, 

water bodies, and parks were used along with the remotely sensed images to produce 

an object-oriented land use classification. ECognition ® software was employed to 

classify the images, and the classified images were later utilized in Markov Chain and 

Cellular Automata analyses to predict future changes. The study implemented 1985 and 

1992 images in the prediction model to predict 1999; the 1999 image was then 

compared to the actual land use map in order to validate the prediction model result. 

The validated model used the 1990 and 2000 classified images to predict the target 

year of 2010 and implemented Shannon‟s Entropy statistic to measure urban sprawl in 

the study areas. The study concludes that Calgary‟s urban expansion will continue to 

increase necessitating the development of urban growth policies. 

In this study, Cellular Automata Markov (CA_Markov) and Markov chain analyses 

was employed to predict future urban land use change. Remote sensing research 
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implementing prediction models to project future changes in developing countries is 

limited, and there are no studies employing such a model in the Middle Eastern region. 

Population growth is considered in this study to be the main factor driving urban 

expansion in Kuwait. The objective of the study is to employ a CA_Markov model to 

understand future potential urban expansion, which can help decision makers in future 

planning. The model was implemented to predict future urban land use change in 

Kuwait for 2015, 2020, 2025, and 2030. There are two questions the study aimed to 

answer: 1) Based on the current trends of population growth and urban expansion, how 

will urban land use increase in Kuwait from 2010 to 2030? 2) Which pair of dates best 

predicts current changes and so is most likely to predict future changes with the most 

confidence according to the validation process? 

Methodology 

Study Area 

Kuwait is situated in the eastern part of the Middle Eastern region, and the Arabian 

Gulf (Persian Gulf) borders the eastern side of the country. The Kingdom of Saudi 

Arabia is the western neighbor of Kuwait and Iraq is the northern neighbor (Figure 4-1). 

With six governmental districts Al-Asma, Hawalli, Al-Ahmadi, Al-Farwania, Al-Jahra, and 

Mubarak Alkabier (Figure 4-2), the country is mostly covered by desert type land leaving 

little area for vegetation and urban use. The four main provinces of Kuwait‟s desert 

include coastal hills, coastal flat land, southern flat desert, and Al-Dibdibba gravelly 

plain (Khalaf et al., 1984; Kwarteng and Chavez, 1998). Kuwait extends between 

latitudes (28º 30‟ and 30 º 06‟) and longitudes (46 º 30‟ and 49 º 00‟), and the desert 

environment characterizes Kuwait‟s climate. Summers are hot and dry, winters are short 

and warm, and rainfall is minimal. Summer‟s mean temperature is 37.7°C in the shade, 
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winter‟s mean temperature is 17.7°C, and the average annual precipitation is 100 mm 

(Algharib, 2008; Kuwait Government Online, 2010; and Kwarteng and Chavez, 1998). 

Kuwait is ranked the second most urbanized country in the world, where the 

percentage of population living in urban areas is 97.6% (United Nations Population 

Division, 2003; Mahgoub, 2008). The country covers 17,818 km² with a population 

around 3.3 million (The World Fact Book, 2010; Kuwait Government Online, 2010). The 

urban area of Kuwait is located along the central and southern coastlines in a small 

area equivalent to 6% of the total land area. The reason for this concentration of 

population is the government, which assigns specific areas for urban use and 

designates the rest of the country for petroleum production. The country is considered 

to be one of the wealthiest countries in the world, where petroleum productions 

generate 95% of the government‟s income (The World Fact Book, 2010). In terms of the 

per capita GDP, Kuwait is fourth among Middle Eastern countries after UAE, Qatar and 

Israel (World Factbook, 2002; Mahgoub, 2008). 

Data Preparation 

This study employed five Landsat (TM, and ETM+) images obtained for the study 

area in 1986, 1990, 2000, 2005 and 2010. Though this study attempted to maintain a 

five-year time window between the satellite images, the availability of images covering 

the study area was limited. As the 1985 image was missing a part of the study area due 

to a shift, the 1986 Landsat image, obtained on February 17th, was the first image used 

in the study analyses. The second image Landsat TM was obtained on September 8, 

1990. A Landsat TM image was obtained for 1995 in an effort to maintain the five-year 

window between images. This image was eliminated from the analyses to ensure the 

quality of classification, however, because the study area was affected by the oil spill 
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caused by Saddam Hussein‟s occupation in 1990. Therefore, the third Landsat TM 

image was acquired on August 18, 2000. 

Landsat ETM+ images for 2005 and 2010 were acquired and corrected using an 

adaptive localized histogram matching technique with specific scene-based alterations 

through a private agency due to the SLC problem. The Landsat ETM+ 2003 image was 

used as the base image in the gap filling process for the 2005 image, which was later 

used as the base image for gap filling the 2010 image. The gap filled area in the 2005 

image was 27.6% of the study area and 24.6% in the 2010 image. The fourth Landsat 

ETM+ image was obtained on July 23, 2005, and the last Landsat ETM+ image was 

acquired on March 15, 2010. These satellite images were obtained during the dry 

season to make sure that all images have a cloud free presentation. 

The data preparation processes for the images of this study include calibration, 

registration, and classification. All images were referenced and registered in ERDAS 

IMAGINE ®, and the Arabian Gulf bodies of water were masked from the images. Also, 

a GIS layer indicating urban development areas designated by the government were 

used to subset all images. They were registered to the UTM coordinate system (zone 

19 N, WGS 1984 datum) with RMS error less than 10 meters. In order to minimize 

atmospheric variations such as atmospheric effects and solar elevation and curve, 

atmospheric calibration methods were performed on 1986, 1990, and 2003 images. 

Image classification was undertaken on all images for two land use and land cover 

classes: built up and non-built areas. The built up areas contain urban and suburban 

areas comprised of built structures such as malls, an airport, residences, and many 

others. Supervised classification and accuracy assessment were performed on all input 
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images in ERDAS IMAGINE ®. The five classified images‟ accuracies were above 90%, 

which indicates the classified images are acceptable for land use change analyses 

(Weng, 2002) such as Markov chain analyses and CA_Markov model (Figure 4-3, 

Figure 4-4, and Table 4-1). 

CA_Markov model 

Predicting the future changes of the land use classes in Kuwait requires an 

adaptation of a well-known prediction model within the urban remote sensing field. The 

CA_Markov model is a powerful approach to spatial and temporal dynamic modeling 

that investigates changes in land use and land cover by incorporating GIS and remotely 

sensed data (Li and Reynolds, 1997; Silverton et al., 1992; Kamusoko et al., 2009). 

Moreover, Brown et al. (2002), asserted that a reliable prediction model offers: 1) an 

output specifying the amount of change in land use and land cover, 2) a spatial 

representation of the change in land use and land cover patterns, and 3) a 

representation of the location for predicted changes. A CA_Markov model, used to 

predict and detect future spatial variation in patterns of land use and land cover 

changes (Sang et al., 2010), was selected for this study based on these specifications. 

A CA_Markov model incorporates prior analyses generated from Markov chain 

analyses, a mathematical tool that produces a set of probability transition matrices. This 

set of probability matrices indicates the probability of each pixel to change from one 

state to another over the given time step. In order to generate these probability 

transition matrices, an interval of time between the two input data should be determined. 

The probability transition matrix is the first output of Markov chain analyses, which is a 

table ranging from zero to one that indicates the possibility of change (Joo et al., 2010). 

The other outputs are a probability transition area and a suitability raster group layer 
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representing each land use and land cover class with its probability values. These 

Markov chain analyses outputs are used as the input data for CA_Markov model to 

generate future projections for land use and land cover classes. 

The probability transition matrices are employed by a CA_Markov model to 

determine the over time changes in the number of cells by utilizing cellular dynamics 

(Verburg et al., 2004). According to Pontius and Malanson (2005), the cellular dynamics 

or cellular automation component of the model is important to generate a probability 

transition of one pixel as a function of neighboring pixels. The predicting process also 

uses the probability transition area and a suitability raster group layer, created by the 

Markov chain, to generate a future land use and land cover map indicating the spatial 

changes in the study area for a specific point in time (Mubea et al., 2009). The final 

output of the model is a future land use and land cover map based on the previous 

changes between the two input data such as remotely sensed images. 

The Landsat classified images of Kuwait for 1986, 1990, 2000, and 2005 were 

implemented as pairs into a CA_Markov model to predict the future likelihood of 

changes in land use for 2015, 2020, 2025, and 2030. The pairs used in the initial 

Markov chain analyses and CA_Markov model include (1986-1990), (1986-2000), 

(1986-2005), (1990-2000), (1990-2005), and (2000-2005). The first pair model used 

1986 as the base land cover map and 1990 as the later land cover map in the Markov 

chain analyses to predict the 2010 map. The period between the two input images was 

four years, the prediction time frame from the later image was twenty years, and the 

outputs of Markov chain analyses were utilized in a CA_Markov to produce the 2010 

map. The 1986 image was the base map in the second pair model and 2000 was the 
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later image with a period of fourteen years between the inputs and ten years for the 

projection. The third pair model incorporated the 1986 image as the base map and the 

2005 image for the later map with a period of nineteen years between the two inputs 

and five years for the prediction process. The 1990 image was the base map in the 

fourth pair model and the 2000 image was the later map with ten years period for both 

time frames. The fifth pair model implemented the 1990 image as the base map and 

2005 for the later map, with a period of time of fifteen years between the inputs and five 

years for future projection. The last pair model included the 2000 and 2005 images with 

five years window between images and for prediction. All six pair models generated a 

prediction map for 2010, and the 2010 image was used for the validation and evaluation 

processes. 

Validation 

Employing a prediction model to predict future changes in land use and land cover 

patterns requires a validation process to measure the capability of such a model to 

predict the future. Validation modules can be used to measure the level of agreement 

between two categorical maps: a reference map and a comparison map. The reference 

map is a classified and validated remotely sensed image for a particular area and year. 

The comparison map is the predicted map that is generated using pairs of images in a 

CA_Markov model. This study incorporated a validation module to measure the 

accuracy of the six pair models (1986-1990), (1986-2000), (1986-2005), (1990-2000), 

(1990-2005), and (2000-2005). The predicted maps of 2010 were used as the 

comparison input in the validation module, and the classified image of 2010 was the 

reference input. 
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The predicted maps were validated against the 2010 classified images in IDRISI ® 

Taiga using the validation tool in order to determine the best pair model. According to 

Pontius and Malason (2005), there are two major questions this validation module 

attempts to answer: 1) How well do the comparison and reference maps agree in terms 

of the amount of cells for each land use class? 2) How well do both maps agree in 

terms of the location of cells? In order to answer these two major questions, the 

validation module produces three Kappa indexes including Klocation, Kno, and 

KlocationStrata, The Klocation indicator measures the level of agreement between the 

input data based on location only, Kno indicator measures the overall agreement, and 

KlocationStrata index measures the level of agreement based on quantity (Pontius and 

Malason, 2005). The most accurate pair model was then employed to predict future land 

use maps of Kuwait for 2015, 2020, 2025, and 2030. 

Results and Discussion 

One objective of this research was to determine the best pair model, based on the 

validation process, to predict future land use and land cover changes in Kuwait for 

2015, 2020, 2025, and 2030.The validation process indicated an overall agreement 

(Kno) range from 0.8958 to 0.9660. Table 4-2 shows the results of the validation module 

for all prediction models. The study determined the most accurate pair model for future 

prediction based on the values of Kno, Klocation, and KlocationStrata. The most 

accurate model (1990-2005) was employed to forecast future built up and non-built up 

areas in Kuwait for 2015, 2020, 2025, and 2030. 

Identifying the future changes of land use and land cover in Kuwait required 

change detection analyses. The future maps were combined with the 2010 classified 

image in order to provide a clear indication of future patterns of built up and non-built 
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areas. The change detection analyses generated a table and maps indicating future 

changes, using the from-to technique. Table 4-3 demonstrates the change trajectories 

of future land use and land cover in Kuwait, and Figure 4-6 demonstrates the new built 

up areas (highlighted in red) by comparing the 2010 image to the future map. According 

to Table 4-3, the classified pixels of non-built areas decreased from 573,704 in 2010 to 

532,763 in 2015, which indicates a loss of 37 km² equivalent to 7% of the total area. 

The classified pixels of non-built areas will continue to decline in 2020 to 514,471, which 

indicates an additional loss of 16 km² equal to 3% of the total area. The classified pixels 

of non-built areas will decrease to 496,478 in 2025, which indicates a loss of another 17 

km² equivalent to 3% of the total area. The classified pixels of non-built areas will 

decline in 2030 to 480,620, which indicates more loss of 14 km² equal to 3% of the total 

area. The loss of non-built areas will result from land transformations of non-built areas 

to built up areas. 

This study determined built up areas are expected to increase from 2010 to 2015. 

According to change detection analyses, built up areas will increase by 37 km² from 

2010 to 2015, which is equivalent to 7% of the study area. This amount of land 

transformation from non-built areas to built up areas in 2015 will take the shape of infill 

development (Figure 4-6). The map indicates that most of the new development will be 

located in Al-Asma, Al-Jahra, and part of Mubarak Alkabier. Al-Asma is the oldest 

district in Kuwait and the nearest residential district to the capital of Kuwait. The 

proximity of the district to the business and government activities of Kuwait City makes 

Al-Asma a desirable place to live and increases the demand for and the prices of land. 

Therefore, increased urban development in Al-Asma derives mostly from the 
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redevelopment process whereas the urban development of the Al-Jahra and Mubarak 

Alkabier districts comes mostly from the establishment of new residential areas. 

The predicted map of Kuwait for 2020 highlights future changes to non-built and 

built up areas (Figure 4-6). The percentage of change is expected to reach 10% in 2020 

as land transformations of non-built areas to built up areas continue to increase in 

Kuwait. Non-built areas are predicted to decrease by an area of 53 km² from 2010 to 

2020.These future changes are mainly shown to be high in the northern part of the 

study area, and the locations of future land transformations are distributed over the six 

Kuwaiti districts with some districts experiencing more transformations than others such 

as Al-Asma, Al-Jahra, and Mubarak Alkabier. Moreover, new urban development is also 

anticipated to take place in the eastern and southeastern parts of the study area. 

The trend of increased urban expansion in Kuwait is likely to continue through 

2025 and 2030. The 2025 prediction map indicates an expected change of 70 km² since 

2010 (Table 4-3), and the built up areas are shown to expand by 3% from 2020 to 2025. 

The location of these transformations will be similar to those in previous years. It is 

projected, however, that highways will play a major role in the distribution of future built 

up areas. The prediction map of 2025 depicts new urban developments along highways 

in the eastern and central parts of the study area. According to the 2030 prediction map, 

changes to built up areas will reach 84 km², equivalent to 16% of the total area from 

2010, and will be mostly allocated in the central and northeastern areas. Furthermore, 

the study area is expected to experience increased land transformations distributed 

throughout all six districts from 2010 to 2030, and built up areas in Kuwait are expected 

to exceed the total area of non-built up areas (Figure 4-5). The findings of the prediction 
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model indicate Kuwait will continue to experience huge land transformations in the 

future. This projected urban expansion in Kuwait is possibly related to an estimated 

population increase of 213,864 between 2010 and 2020 (UN Population Division, 2004). 

By using the most accurate map, representing land transformations in Kuwait from 

1990 to 2005, the model‟s predictions for the future reflect the changes of the past. Most 

Arabian Gulf countries and many developing countries have experienced this trend of 

land transformation, known as urban expansion, since the late 20th Century. Algharib 

(2008) conducted a study in Kuwait employing Landsat TM images to monitor and 

identify changes in land use and land cover between 1989 and 2001. The study 

detected an expansion of urban areas by 10% of the total area located in the south, 

west, and southwest portions of the study area. These findings support the CA_Markov 

model outputs of this study, which similarly indicate future transformation in the south, 

west, and southwest areas of Kuwait. Moreover, Yagoub (2004) conducted a study in 

Al-Ain, UAE to monitor urban growth from 1976 to 2000. He used remote sensing 

satellite images and GIS data to meet the study objectives. The findings of the study 

indicate the city‟s urban expansion in the western and southwestern areas, in which 

built up areas increased by 5,352 hectares. Furthermore, a study utilizing remote 

sensing and GIS to investigate urban expansion in Amman City, Jordan by Al 

Rawashdeh and Saleh (2006) found an increase of 163 square kilometers in the city 

from 1918 to 2002, which indicates urban areas expanded by 509%. Though there are 

multiple studies employing remote sensing and GIS to investigate urban land use 

changes in the Arabian Gulf and the Middle Eastern region, studies employing models 

to predict future urban changes in this region are almost non-existent. 
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There are several studies exemplifying the usefulness of employing prediction 

models to determine future urban changes in developing regions outside of the Middle 

East. For example, Kamusoko et al. (2009) conducted a study in Zimbabwe employing 

CA_Markov model to investigate future land use and land cover changes in a part of the 

developing world for 2010, 2020, and 2030. The study implemented four land use maps 

including 1973, 1989, and 2000 maps for the prediction model and a 2005 map for 

model validation. They predicted Zimbabwe will experience severe land degradation as 

a result of the land transformations caused by increased population and concluded 

CA_Markov is useful for predicting the future. Likewise, Sang et al. (2010) utilized 

CA_Markov model to forecast land use and land cover in Fangshan district, China. The 

study implemented land use GIS data for 2001, 2006, and 2008 in a CA_Markov model 

to predict 2015, and found urban areas will expand by 8% of the total area from arable 

land. This study also concluded the usefulness of CA_Markov models for the 

forecasting of future changes. Furthermore, according to Opeyemi (2006), a 

CA_Markov model is a robust computer modeling technique useful for predicting land 

use and land cover changes that are hard to describe. 

Computer modeling, utilized to investigate current changes and predict future 

changes of landscape, has become one of the most important tools in the urban remote 

sensing field (Herlod et al., 2003). The accessibility of advanced computer software and 

the tremendous resources of spatial data encourage the implementation of such 

technology to model changes to the Earth‟s surface. The process of computer modeling 

can be a valuable instrument for sustainable planning and for evaluating social and 

environmental consequences of landscape fragmentation (Cabral and Zamyatin, 2006; 



 

101 

Brown et al., 2002; Henriquez et al., 2006). Furthermore, implementing remote sensing 

and GIS models to predict the future, especially in developing countries, may provide 

valuable information for sophisticated urban development. 

Despite the effectiveness and usefulness of CA_Markov model as a tool for 

predicting future land use and land cover change, there are limitations associated with 

the application of this model. The CA_Markov model predicts future changes based on 

current and past land transformations. The model assumes a trend of land 

transformation, which has happened in the past, will persist in the future creating a 

continuous pattern of land transformation over time (Sun et al., 2007). Therefore, the 

CA_Markov model is limited in that it does not incorporate new trends of land 

transformation or recognize legislative changes of policy. Another limitation of the 

CA_Markov model is the model does not involve socioeconomic information in the 

prediction of future land transformations. Incorporating socioeconomic considerations 

may assist in the production of better future land use and land cover projections. 

Utilizing logistic regression, object-oriented, and other types of land change models may 

be useful in minimizing or eliminating these limitations. Therefore, future research will 

incorporate finer resolution remote sensing images along with a more advanced land 

use model from the land change science field in order to circumvent these limitations. 

Summary 

Markov chain analyses and CA_Markov models were successfully utilized and 

validated in this study to predict future urban development in Kuwait. The most accurate 

pair of dates, represented by the validated map for 1990 to 2005, was implemented in 

the computer model to predict future urban land use change for 2015, 2020, 2025, and 

2030. The general outcome of this model indicates that urban areas will continue to 
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expand through 2030. Based on the current trends of land transformation and 

population growth in the study area, built up areas are expected to exceed the total area 

of non-built up areas by 2030, a significant shift in dominance. The findings of this 

research, therefore, provide valuable information for policy makers and urban planners 

in Kuwait as well-designed urban plans and development policies are needed to 

manage future urban expansion. For example, if current policies remain in place as the 

population continues to grow, then the reduced amount of open spaces used for 

vegetation will negatively impact environmental conditions. This study subsequently 

urges the Kuwaiti Government to designate new areas for sustainable urban 

development. Furthermore, the lack of research employing a predicting model in the 

Middle East expands the usefulness of this methodology beyond the borders of Kuwait 

to other Arabian Gulf countries. 
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Table 4-1.  Classification Accuracy Assessment of 1986, 1990, 2000, 2005, and 2010 
classified images of Kuwait. 

Classified Image 
Year 

Overall Classification 
Accuracy 

Overall KAPPA 
Statistic 

1986 90.06% 0.8019 

1990 94.21% 0.8846 

2000 93.57% 0.8718 

2005 92.28% 0.8463 

2010 91.64% 0.8336 
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Table 4-2.  Predicted models accuracy for each pair model. 

Model Pair Model Type Random Yours Perfect 

1986-1990 % Correct 33.33% 93.05% 100.00% 
Improvement ------- 59.72%      6.95% 

Kno: 0.8958, Klocation: 0.8897, and 
KlocationStrata: 0.8897. 

 
1986-2000 

 
Model Type 

 
Random 

 
Yours 

 
Perfect 

  
% Correct 

 
33.33% 

 
96.06% 

 
100.00% 

Improvement ------- 62.73%      3.94% 

Kno: 0.9410, Klocation: 0.9375, and 
KlocationStrata: 0.9375. 

 
1986-2005 

 
Model Type 

 
Random 

 
Yours 

 
Perfect 

  
% Correct 

 
33.33% 

 
97.58% 

 
100.00% 

Improvement ------- 64.25%      2.42% 

Kno: 0.9637, Klocation: 0.9632, and 
KlocationStrata: 0.9632.  

 
1990-2000 

 
Model Type 

 
Random 

 
Yours 

 
Perfect 

  
% Correct 

 
33.33% 

 
96.41% 

 
100.00% 

Improvement ------- 63.08%      3.59% 

Kno: 0.9461, Klocation: 0.9563, and 
KlocationStrata: 0.9563. 
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Table 4-2.  Continued 

1990-2005 Model Type Random Yours Perfect 

 % Correct 33.33% 97.74% 100.00% 

Improvement ------- 64.41% 2.26% 

Kno: 0.9660, Klocation: 0.9706, and 
KlocationStrata: 0.9706. 

 
2000-2005 

 
Model Type 

 
Random 

 
Yours 

 
Perfect 

  
% Correct 

 
33.33% 

 
97.49% 

 
100.00% 

Improvement ------- 64.16%      2.51% 

Kno: 0.9624, Klocation: 0.9706, and 
KlocationStrata: 0.9706. 
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Table 4-3. Future changes in Kuwait from 2010 to 2015, 2020, 2025, and 2030. 

-Change in pixel numbers and corresponding area from 2010 to 2015- 
Class type Classified pixels in year Classified pixels in year Change in  Change in % 

 2010 2015   

Non-Built 573,704 532,763 -37 -7% 

Built Area 405,154 446,095  37 +7% 

 
-Change in pixels numbers and corresponding area from 2010 to 2020- 

 2010 2020   

Non-Built 573,704 514,471 -53 -10% 

Built Area 405,154 464,387  53 +10% 

  
-Change in pixels numbers and corresponding area from 2010 to 2025- 

 2010 2025   

Non-Built 573,704 496,478 -70 -13% 

Built Area 405,154 482,380  70 +13% 

 
-Change in pixels numbers and corresponding area from 2010 to 2030- 

 2010 2030   

Non-Built 573,704 480,620 -84 -16% 

Built Area 405,154 498,238  84 +16% 

  

km2
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Figure 4-1.  Middle Eastern Countries. Source: 

http://letustalk.wordpress.com/2008/07/19/saturday-obama-arrives-in-kabul-
afghanistan/
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Figure 4-2.  Kuwait districts and boundaries. Source: Kuwait municipality. 
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Figure 4-3.  Flow chart illustrating steps undertaken for the Markov chain analyses and CA_Markov model creation and 

validation. 
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Figure 4-4.  The classified remotely sensed images for years: a) 1986, b) 1990, c) 2000, d) 2005, and e) 2010. 
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Figure 4-5.  Future land use changes predicted from the model (1990-2005) in Kuwait.
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Figure 4-6.  The predicted land use and land cover maps for years: a) 2015, b) 2020, c) 2025, and d) 2030 based on the 

input image date 1990-2005. 
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CHAPTER 5 
CONCLUSION 

Several research fields utilize advanced methodologies and technologies to 

monitor, analyze, and predict future land use and land cover transformations. 

Geography and LCS research communities examine land transformations, across a 

period of time, to produce valuable information regarding the types, amounts, and 

locations of changes. GIS and RS are technologies that have been utilized for several 

years to detect such changes to the Earth‟s surface as deforestation, forestation, and 

urbanization. Identifying changes of land use and land cover may provide the 

information necessary to answer many questions about the relationship between land 

transformation, population, and social and environmental problems. The overall goal of 

this dissertation is to investigate the similarities and differences of urbanization in 

developed and developing countries. This dissertation designed three different papers 

to measure the level of future urban land transformation associated with urban 

population growth in Alachua County and Kuwait. Measuring the differences between 

these two countries portrays the impact human activities have on the natural 

environment in both study areas. 

The utilization of advanced technologies and satellite images, to monitor the 

expansion of urban areas in Alachua County and Kuwait, enabled this research to 

analyze past and current land transformations and to predict land transformations of the 

future. Nine Landsat TM and ETM+ satellite images were classified according to the 

type of land use and land cover occupation. These classified images were tested for 

accuracy and subsequently incorporated into three techniques of analyzing urban land 

use change: CA_Markov (a land change prediction model) post-classification change 
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detection, and thermal band analysis. CA_Markov utilized classified images in the first 

and the last papers to forecast future urban land transformations in Alachua County and 

in Kuwait. The classified images of Kuwait were then implemented into post-

classification change detection in the second paper to determine past changes of urban 

land use. Next, the classified images for Kuwait were employed in thermal band 

analysis to detect changes in Land Surface Temperatures (LST). Furthermore, the three 

interrelated studies of this dissertation utilized these techniques to generate outputs, 

which can be used to compare urban land transformations in developed and developing 

countries. 

The first paper of this dissertation employed CA_Markov model to predict urban 

land use change in Alachua County. The model incorporated four Landsat TM and 

ETM+ satellite images for 1993, 1998, 2003, and 2008 into the prediction and validation 

processes to generate future urban land transformation maps for the selected dates. 

The validation process determined the 1998-2003 pair model as the best model to 

predict future land use and land cover changes. The model was used to predict 2013, 

2018, and 2023 land use maps based on current land cover patterns. The model 

indicated future expansion of urban land use areas over vegetation land cover will 

increase from approximately 3% to 7% from 2008 to 2023. According to this model, the 

percentage of area that will be converted from vegetated areas to built up areas is 

3.16% from 2008 to 2013, 1.73% from 2013 to 2018, and 1.71% from 2018 to 2023. 

The total amount of land that will transform from vegetation land cover to built up areas, 

will reach 6.60% by 2023. Furthermore, the prediction model suggests the new urban 

developments will mostly occur in close proximity to current urbanized areas. The 
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predicted maps identify the western and central portions of Alachua County as the 

projected areas of future land transformation. 

The second paper of this dissertation was designed to investigate urban land use 

changes and the effects of urban expansion on Land Surface Temperatures (LST) in 

Kuwait from 1986 to 2010. The paper incorporated five Landsat TM and ETM+ satellite 

images for 1986, 1990, 2000, 2005, and 2010. The analyses detected that built up 

areas increased from 209.7 km2 in 1986 to 362.6 km2 in 2010. The change trajectories 

analyses determined the percent increases of built up areas to be 4.7% from 1986 to 

1990, 3.8% from 1990 to 2000, 3.5% from 2000 to 2005, and 5.3% from 2005 to 2010. 

Based on the change detection map, land transformations were generally located in the 

central and southern portions of Kuwait. This study relates this tremendous amount of 

land transformation to the country‟s increase of population. Furthermore, the analysis 

indicated the surface temperatures of non-built areas were higher than built up areas. 

The built up areas were cooler than non-built areas in 1986 by 1.29°F. The difference 

between built up and non-built areas increased in 1990 to reach 2.00°F and 3.81°F in 

2000. These findings suggest an “Urban Cool Island” in Kuwait, which was supported 

with similar findings in a study conducted by Kwarteng and Small in 2005. 

The third paper of this dissertation implemented CA_Markov model to predict 

urban land transformations in Kuwait. The model included five Landsat TM and ETM+ 

satellite images for 1986, 1990, 2000, 2005, and 2010 into the prediction and validation 

processes to produce information regarding the best future urban land transformation 

for the selected dates. The validation process determined the 1990-2005 pair model as 

the best model to predict the future of land use and land cover change. The best model 



 

116 

was identified by testing the level of agreement between the predicted maps of 2010, for 

all pair models, and the classified 2010 image. The 1990-2005 model was used to 

predict land use maps for 2015, 2020, 2025, and 2030 based on current land cover 

patterns. The model indicates the total future expansion of urban land use areas will 

range from 7% to 16% from 2010 to 2030. The percentage of area expected to convert 

from non-built to built up areas from 2010 to 2015 is 7%. The amount of land that will 

transform from non-built areas to built up areas, will reach 10% in 2020, 13% in 2025, 

and 16% in 2030. The 1990-2005 pair model suggested built up areas will exceed non-

built up areas by 2030 with an estimated land change of 84 km2 from 2010 to 2030. 

Furthermore, the prediction model indicates the new urban developments will mainly 

occur near existing urbanized areas. The northern portion of Kuwait is expected to 

experience most of the future changes. The eastern and southeastern parts of the 

country, however, are also expected to experience future land transformation. 

The overall findings of research indicates that urban expansion will continue to 

happen in Alachua County and Kuwait within the coming decade. Population growth 

was determined to be the main force of land transformation in both study areas. High 

rates of population growth from natural increase and immigration expand existing urban 

areas and, therefore, cause higher rates of land consumption and land transformation. 

The future transformations from other land cover classes to urban land use classes 

need attention from the governments in both study areas. The research suggests 

Alachua County government should consider buying more vacant land in order to 

manage the future expansions of urban areas. The government should also encourage 

the developer to build the new residential dwelling vertically to minimize the amount of 
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land transformation to accommodate more population at the same time. Moreover, the 

research suggests the Kuwaiti government should designate new areas for urban 

development in order to avoid the future social and environmental problems related to 

urban expansion. 

Thermal band analysis was undertaken in this research to detect the influence of 

land transformation on the LST in Kuwait for 1986, 1990, and 2000. The outcomes of 

thermal band analysis were integrated into a map that spatially represents the 

differences between Land Surface Temperatures (LST). Surprisingly, the urban areas 

were cooler in surface temperatures comparing to the surrounding areas (deserts). This 

study suggests the term “Urban Cool Island” to describe this phenomenon. Though 

urbanization and urban expansion is considered by many researchers to have a 

negative impact on Earth‟s surface temperatures known as Urban Heat Island, this 

research proved the opposite to be true in desert environments. 

Despite the valuable insight provided by the findings of this dissertation for public 

authorities in Alachua County and Kuwait, there are limitations associated with the 

techniques employed. The first limitation is related to the level of spatial resolution of the 

satellite images, which were classified and incorporated into change detection and the 

prediction model. This dissertation utilized medium spatial resolutions images, based on 

the capability of this research, where high spatial resolution images might have 

increased the accuracy of the analyses outcomes. The second limitation is linked to the 

prediction model as it assumes the trends of land use and land cover change remain at 

a consistent rate of change in the future (Sun et al., 2007). In other words, the model 

does not take into consideration new policies or deviating land transformation trends 



 

118 

during the prediction processes. Likewise, the CA_Markov model is limited in that it 

does not include changing social, economic, and environmental factors in the prediction 

of future land use and land cover changes. 

To circumvent these limitations of CA_Markov, alternative advanced 

methodologies such as LUMOS, PUMA, or DSSM models will be employed in future 

research. The Land Use Modeling System (LUMOS) is a combination of a cellular 

automata model and an economic model that is utilized to predict future land use 

patterns. The Predicting Urbanization with Multi-Agents (PUMA) model incorporates 

social and economic information into the prediction process to predict future urban land 

transformations. The Dynamic Settlement Simulation Model (DSSM) is a cellular 

automata model combined with GIS raster datasets. Incorporating economic and social 

information into the prediction model will increase the reliability of the outputs generated 

and provide further direction for urban planners. 

In addition to utilizing alternative advanced methodologies, future directions for this 

research include employing finer satellite images and implementing more detailed GIS 

datasets to investigate urban land use changes and urban Land Surface Temperatures 

(LST). The study area will be extended to consist of Kuwait as well as Saudi Arabia and 

other Arabian Gulf countries. Furthermore, urban developments will be divided into 

several additional land use categories, such as residential, governmental, and business, 

to be associated with LST. This future analysis will provide information regarding the 

type of urban land use causing the greatest effect on LST and will predict the future LST 

of urban development based on the past and current values. Future study will address 
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the environmental effects of land use and land cover changes in order to encourage 

proactive measures and prevent future environmental problems. 

Comprised of three studies, this dissertation examines the relationship between 

human activities and the natural environment, compares urbanization in developed and 

developing countries, and investigates the correlation between population growth and 

urban expansion. This research was the first to use a CA_Markov prediction model in 

Alachua County as well as Kuwait. The validation process indicates this model is an 

appropriate method of investigating the amount and location of future land 

transformation in both study areas. Furthermore, this research is the most recent to use 

such methodologies as post-classification change detection and thermal band analysis 

to study the impact of urban expansion in Kuwait. Surprisingly, urbanization was found 

to have a positive effect on Land Surface Temperatures (LST) in Kuwait. An Urban Cool 

Island was identified contrary to the expectation that urbanization necessarily causes an 

Urban Heat Island. Summarily, this dissertation determined urban expansion occurs in 

both developed and developing countries, the rate of change is linked to population 

growth (which is substantially greater in developing countries), and additional efforts are 

necessary to minimize unplanned urban expansions. 

This dissertation concludes with several suggestions for urban planners, policy 

makers, and researchers. This study suggests Alachua County should invest more 

capital in purchasing vacant land and generate new policies to mitigate unplanned 

urban expansion. Furthermore, due to a lack of space, Alachua County should 

encourage developers to build vertically. Kuwaiti Government should similarly improve 

urban planning efforts in preparation for rapid population growth and future urban 
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expansions. The high rate of Population growth in Kuwait makes urban development 

necessary to accommodate the future population. Therefore, the Kuwaiti Government 

should allot more space for urban development. Further investigation for such a 

phenomenon as Urban Cool Island is highly recommended by this research to 

understand the connection between urban development and Land Surface 

Temperatures (LST) in Kuwait. Finally, it is suggested to extend the examination of the 

relationships between population growth, urban expansion, and the environment 

beyond the borders of Alachua County and Kuwait to study areas possessing similar 

characteristics. 
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