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Abstract: Urban growth is described as an increase in the size and use of cities, which is frequently
the consequence of an increase in the number of residents due to internal or external migration and an
increase in economic activity rates. In recent decades, modern technology and mathematical models
have been used to determine future urban growth on a large scale and develop sustainable urban
policies in the long term. The cities of the Kingdom of Saudi Arabia have witnessed economic growth
in recent decades, which has resulted in urban expansion, as is evident in this case study of the Kharj
region. Since most of the previous studies have not applied mathematical models to predict the urban
growth of the Kharj region, this study aims at simulating urban growth over the next two decades,
between 2020 and 2040, by monitoring the growth during the past thirty years, which is the period
between 1990 and 2020. This study relies on the satellite visualizations of the Landsat satellites 5, 7,
and 8 for classifying the land cover by applying the land change model (LCM) and comparing the
land-use maps for the years 2000 and 2020. Then, the factors affecting urban growth, such as distance
from the city center, the road network, valleys, and land slopes, are determined to monitor the
prediction of urban growth. The results showed that the urban areas extended significantly toward
the south, southeast, southwest, and northwest, with an area of 269 km2. The results further revealed
a significant decline in agricultural and vacant lands due to their transformation into residential areas,
educational establishments, and industrial facilities. The model’s accuracy was tested to confirm the
mathematical model’s validity. The Kappa index findings indicated a high percentage, ranging from
89% in 2010 to 90% in 2020.
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1. Introduction

Urban growth is described as an increase in population growth rates, whether this in-
crease results from an increase in population due to internal migration or natural population
growth due to economic, social, and educational changes, resulting in urban development
for cities [1]. The phenomenon of urban growth, which has been witnessed by many
countries around the world, is an indicator of civilizational progress, as 55% of the world’s
population lives in cities, with that figure expected to rise to 68% by 2050. According to a
new United Nations data set, projections indicate that urbanization and the steady shift of
population residency from rural to urban regions might add another 2.5 billion people to
urban areas by 2050 [2].

The problem of expanding cities is a global phenomenon that is not unique to any one
region. However, the urbanization process in the Kingdom of Saudi Arabia is characterized
by rapid urban transformation at the expense of cities and villages due to economic and
social abundance [3]. According to the United Nations Development Program, the Kingdom
of Saudi Arabia’s social and economic development has resulted in rapid population growth
in many urban areas. The percentage of the population living in urban areas was 58.4%
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in 1975, 86.6% in 2001, and 91% in 2016. This rapid population growth has increased the
size of the urban area [4]. Among the most prominent of these cities, distinguished by their
essential location and rapid population growth, is the region of Kharj. This is because of
the availability of services, education, and economic and professional development, which
contributed to the urbanization rate, the great demand for land uses in all forms, and the
increase in the urban area. The Kharj region is considered one of the regions of cultural
settlement and human diversity and one of the most important agricultural regions in the
Kingdom of Saudi Arabia [5].

The Kharj region, which includes three small cities (As-sih, Al-hayathem, and Al-
Dilam) was, and still is, an attractive area for its population because of the diversity
and multiplicity of economic and professional resources available. The emergence of the
cities and governorates of the region began in 1939 when people migrated from the old
neighboring towns in search of job opportunities. As real urban growth began when the
economic boom began and the five-year plans for development in the Kingdom of Saudi
Arabia were applied, the urban area in the center of the region, which is the city of As-sih,
reached approximately 3.5 km? in 1974. In 1985, the urban area increased to approximately
12.5 km?, i.e., an increase of 257%. Such an increase continued until the area reached
19.5 km?2 in 2000. In 2010, the area reached 39 km?2, which is an increase of 100% from
the year 2000. This increase was a result of an economic boom and the availability of job
opportunities in the industrial, agricultural, and military fields, which in turn led to an
increase in urban development in the Kharj region. By 2018, the urban area had expanded
by around 60 km?, and this was attributed to the conversion of agricultural lands into
residential schemes [5,6], as studies [6,7] highlighted the phenomenal expansion. Thus, by
2010, the region had attained a 35-fold increase in urban area compared to 1973.

Due to a lack of studies on the region, it is necessary to determine the rate of change in
land use from 1990 to 2020 to help develop a model for the region’s future urban growth
for the year 2040.

2. Urban Growth Modeling

Urban growth is a dynamic process that changes over time and relies on spatial studies
to understand the city’s growth pattern, detect changes, and monitor the expansion process,
using geographic information systems (GIS) and remote sensing systems (RS). Because it
provides information and data in various forms, such as monitoring the process of city
growth, understanding urban expansion and trends, and simulating future urban growth
by making predictions to direct the city’s growth under the given conditions to reduce
potential risks, it assists decision-makers and those interested in urban planning in setting
plans for urban development in line with the increase in population growth and urban
development [8].

Urban modeling is the process of selecting the appropriate theory and rendering it into
a formal mathematical model by computer programs related to the model, then comparing
the model to the data, calibrating it, and verifying it before using it in prediction [9]. The
introduction of urban growth simulation models in Europe and the United States started
with the Lowry model in 1946 [10], and further development was undertaken after the
1980s. The methodology followed in the urban growth simulation models has also changed
to focus on the details and minute elements after focusing on the more significant elements.
It has become an analysis of the factors leading to the pattern of a phenomenon after
analyzing the pattern itself. It has considered the spatial and temporal characteristics of the
phenomenon [11].

Current trends in urban growth indicate that urban areas are expanding, increasingly
and rapidly encompassing vast rural areas, and that major cities are dominating the general
urban landscape and have become one of the main and distinctive features of many Arab
countries in recent years. This situation, which characterizes urban development in the
world, creates great difficulties in the development process, as the issue of not keeping pace
with an appropriate transformation in the social and economic structure is raised, which
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causes many different problems and resulting socio-economic issues. When formulating
development policies that seek to plan for the phenomenon of urbanization to confront
its consequences and control its movements, urban growth requires an approach in the
areas of public policy, urban planning and management, and the development of more
sustainable strategies [12].

3. Literature Review

Many studies have applied urban growth simulation models to study land-use change
and predict future urban expansion, such as the CA-Markov chain model, the land change
model (LCM), and the logistic regression model, by representing them in various GIS
programs [13,14]. A city’s urban change was disclosed throughout the past 30 years, from
1987 to 2017, through a study predicting Riyadh’s urban growth. After analyzing the data,
the geographical factors affecting the city’s future urbanization were introduced. The study
reached several conclusions, most notably that the expected urban expansion for Riyadh
was about 27% [14].

Another study [15] created a model that was calibrated using historical digital maps
of urban areas. The model was tested in two rapidly growing areas: California’s San
Francisco Bay Area and Washington. Differences in urban expansions and compositions
were compared, and growth rates were noted. The studies recommended using urban
expansion studies and future growth predictions to support decision-makers in urban
planning [14,15].

Al-Darwish [16] also studied the prediction of future urban growth and its impact
on the Yemeni city of Ibb using a Markov cellular model integrated with a GIS platform
and model validation to simulate urban growth for the year 2033. The results showed the
accuracy of the prediction in reaching the horizontal distribution of urban growth at a
high rate at the expense of agricultural and natural lands. The study also suggested that
decision-makers reevaluate their expansion strategies to maintain ecological balance.

Another study [17] also recommended this, using the Markov model and multi-
layer perceptron (MLP) to detect changes in land cover in the municipality of Pabna in
Bangladesh between 2023 and 2028. The results showed that the urban area increased from
3.39 km? to 8.79 km?, and the direction is mainly toward the northeast, meaning that the
urban construction land area will grow to 11.51 km? in 2023, and 12.44 km? in 2028, heading
toward the northeastern part. That will assist urban planners in determining urban growth
and preparing appropriate strategic measures.

On the other hand, some studies used more than one model to predict urban growth;
for example, a study of the town of Sakib relied on applying the most prominent environ-
mental simulation models available in the IDRISI Selva (Version 17.01) software. Through
this, it was possible to predict the urban development of the town of Sakib until 2040. The
results of land change modeling and Markov cellular modeling showed the development
of urban expansion over an area of 2.56 km?. Further, there were differences between the
two models in the spatial distribution of urban growth from site to site [13].

Jokar Arsanjani [18] applied the logistic regression model and the Markov chain model,
making an interchangeable comparison between the simulation maps and the actual maps
for the year 2006 and then predicting the future land-use maps for the years 2016-2026. The
study showed a new wave of suburban development along the western borders of Tehran
in the coming decades.

Rapid urbanization rates also harm a city’s development and demographic factors,
leading to unplanned and unsystematic growth and slowing down the process of urban
sustainability, among other things [19]. Therefore, urban growth models provide a better
understanding of spatial and temporal patterns and predict future changes, carefully
choosing the simulation model that best matches the changes in the study area [20].

Based on the above presentation of previous studies, it is clear that urban studies
have received attention from scientists and planners, applying mathematical models to
simulate the future urban growth of most cities according to their circumstances, geograph-
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ical locations, and the places on which they were based. This study emerges from this
framework, but the difference is that satellite visuals were used for previous years and
compared to reality for 2010, depending on the period between 1990 and 2000 and also the
year 2020, depending on the period between 2000 and 2010, to verify the accuracy of the
earth change model.

4. Area of Study and Study Methods
4.1. Study Area

The Kharj region (Figure 1) is located in the center of Saudi Arabia, within the conti-
nental shelf, southeast of Riyadh. It extends between latitudes 23.10 and 24.30 north and
longitudes 46.30 and 48.15 east [21], with an elevation of roughly 360 feet above sea level.
The region also controls the central basin of Wadi Sahba, which contains several valleys. It
is considered one of the most prominent regions in the Kingdom in terms of plant diversity
due to the dominance of the steppe environment over most of the regions [5].
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Figure 1. Satellite visualization of the Kharj Region. Source: United States Geological Survey (USGS).

4.2. Study Approach

Based on the nature of the study and its objectives, it relied on descriptive and analyti-
cal approaches. A descriptive approach means describing the phenomenon as it exists in
reality. An analytical approach means the method used to collect information about a water
phenomenon or a specific reality in order to identify the current situation [22]. Moreover,
the methodological limitations of this study include factors that affect urban growth, such
as distance from the city center, road network, valleys, and land slopes.

4.2.1. Study Methodology

The procedures of the study and its most essential phases start from collecting data,
classification of Images, building a land change modeler, and all factors that affect the
growth to come up with prediction maps are shown in the following Figure 2.



Sustainability 2023, 15, 7037

50f18

| Landsat Aerial photo 1990 l— Distance from i
the city center || Slope
I Landsat Aerial photo 2000 i—
I Landsat Aerial photo 2010 li Distance from drologi
the main road [— Hydrologic
| Landsat Aerial photo 2020 network

A4

‘ ArcGis and Arc toolbox

N

‘ ArcGis and Arc toolbox

T

Clip ‘ Resolution merge

Sup-Classification l

Land Use Map 1990

| Eucliden Distance

Land Use Map 2000

Land Use Map 2010

TerrSet

Land Use Map 2020

Tty

Fuzzy

v l ¥

’ Land Change Modeler (LCM) ‘

[ Transition Potentials ‘ | Change Prediction ‘

v

v v

‘ (ITCM) Session Parameters ‘

l Transition Sub Model | Change Allocation l

v

‘ Change Analysis l

Run Sub Model

Prediction 2040

Change Maps

|

’ Create Transition Potentials |

Validate
(2010)
(2020)

Figure 2. Study Methodology.

4.2.2. Data Preparation

The study relied on four satellite visualizations to track the evolution of land cover
areas in the region from the beginning of 1990 to the end of 2020. It was also taken
into account that all visualizations were captured simultaneously to achieve equality at
the regional level without the effect of clouds. The Universal Transverse Mercator (UTM)
projection was used since the projection used for all satellite visualizations was unified. This
approach places the research area in zone 36 N, with reference to WGS 84. Enhancements
were performed to improve the degree of clarity (spatial accuracy) of the resolution merge,
and then conduct the monitored classification of satellite visualizations for the study years
1990, 2000, 2010, and 2020 into three main categories: vacant lands, built-up lands, and
agricultural areas.

4.2.3. Modeling Future Urban Growth

In this study, the land change modeler (LCM) was used to generate transition matrix
maps using the Markov algorithm and the multilayer perceptron (MLP). The study’s data
and visuals were structured by converting them from Raster to ASCII format to get the
desired outcomes of applying the model. It was also necessary to organize the data to
avoid errors and take into account the similarity of the map keys and the classification



Sustainability 2023, 15, 7037

6 of 18

categories. Likewise, the images must be similar in terms of spatial dimension, geographical
coordinates, and spatial clarity.

5. Analysis and Results
5.1. Urban Growth of the Kharj Region

Based on the tremendous urban growth witnessed by the Kharj region [5], it has
become necessary to understand and study urban development and its trends and interpret
that growth to direct future development and urban growth. The urban growth areas for
the research groups were calculated using the controlled classification into vacant lands,
built-up lands, and agricultural areas, as shown in Table 1.

Table 1. Land cover areas of the Al-Kharj region during the study period.

Area in km?
Years

Vacant Lands Built-Up Lands Agricultural Areas
1990 2391 47 183
2000 2366 71 184
2010 2290 117 214
2020 2315 161 145

We discovered that the period from 1990 to 2000 experienced economic and social
changes after the economic boom [5], which significantly impacted the Kharj region’s urban
growth because the area of urban spaces in 2000 reached 71 km? at a rate of 2.7%. It was
47 km? in 1990, representing a 24 km? increase. It extended along the agricultural areas
because of the presence of valleys and wells that feed the agricultural areas, making up
7% of the overall land cover and covering an area of 184 km? during the year 2000. At the
same time, vacant land constituted the most significant percentage, ranging between 90%
and 91% of the total area during the ten years.

In 2010, the area of urban spaces expanded by 65%, from 71 km? to 117 km?. It began to
extend along the main roads of As-sih, Al-hayathem, and Al-Dilam, as well as surrounding
agricultural areas, accounting for 8.16% of the Kharj region’s land cover area of 214 km?.
The vacant land area decreased by 3% in favor of residential areas, as it extended in the
eastern and southwestern directions. Urban growth began to spread widely in urban areas
in 2020, with an area of 161 km? and a rate of 6.14%. That is a result of the demand for
residential land and the conversion of agricultural areas into vacant lands, with a 69% area
conversion. The decline in agricultural areas is about 131 km? of land cover (see Table 2
and Figures 3-5). In addition, as shown in Figure 5, there are new growth areas that have
appeared 15 km southwest of the intersection of Al-Dilam Road and the road connecting to
Al-Kharj Industrial City. As part of industrial regional planning, these new growth areas
were established in 2011 and are still expanding as industrial areas.

Table 2. The difference in land cover areas.

The Difference in Areas in km?
Urban Cover

1990-2000 2000-2010 2010-2020
Vacant lands 25— 77— 26—
Built-up lands 24+ 46+ 44+
Agricultural areas 1+ 30+ 69—

Source: the researcher’s work, based on classifying the visuals of the years of study.
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Figure 3. The urban growth of the Kharj Region during the period 1990-2000.
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Figure 5. The urban growth of the Kharj region during the period 2010-2020.

5.2. Checking the Accuracy of the Land Change Modeler (LCM)

Multilayer perceptron (MLP) was used to obtain transition matrix maps based on the
Markov method to identify transition and project change zones to predict the years 2010
and 2020. The maps were obtained based on a literature study of prior works interested
in applying mathematical models to simulate urban growth. The IDRISI Terrset (v19.0.6)
software’s statistical geographic information systems analysis tools were used to compare
the simulation maps’ (predicted) results, with a base map to validate the model’s accuracy
by Kappa statistical. Cohen’s Kappa coefficient was developed in 1960 to measure reliability
between two raters [23]. The formula is as follows:

k = (Po — Pe)/(1 — Pe)

where:

Po: Observed agreement among raters;
Pe: Hypothetical probability of chance agreement.

It was used in 1980 in remote sensing to express the accuracy of an image classifica-
tion [24], which can be expressed in remote sensing as,

Kappa = (total accuracy — random accuracy)/(1 — random accuracy). The validation
was carried out for the following years:

Verification for the year 2010: The general Kappa statistic for simulating land change
modeling reached 0.89 when comparing the 2010 map predicted by the analysis of the two
visuals for the years 1990-2000 with the classified 2010 map. That indicates the ability of
the model to simulate in a manner that excellently serves the study (See Figure 6).
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Verification for the year 2020: In comparing the 2020 map predicted by the analysis
of the two visualizations for the years 2000-2010 with the classified 2020 map, where the
Kappa value = 0.90 indicates a high accuracy in the simulation process, and the cells of
each of the base map and the simulation map are correct (see Figure 7 and Table 3).
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Table 3. Kappa index statistics.

K Ind Land Change Modeling Land Change Modeling
appa hdex (LCM) for 2010 (LCM) for 2020
Kno 0.89 0.90

5.3. Modeling Future Urban Growth for the Year 2040

The land change model (LCM) was used in the study to analyze and compute the
amount of change between the land-use map from 2000 (Figure 8) and the land-use map
from 2020 (Figure 9). The study used spatial modeling to predict changes in land cover.
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5.3.1. Change Analysis

A name was given to the project through the project data window, and three different
land-use maps (agricultural areas, built-up areas, and vacant lands) were entered to carry
out the analysis.

Change analysis was the first step, providing a quick assessment of the quantitative
change through a graph of the gains (green) and losses (purple) for the various land cover
categories per kilometer (See Figure 10).

Gains and losses between 2000 and 2020

Agriculture -

Built-up Land

Vacant Land -

160.00 -120.00 -80.00 -40.00 0.60 40.00 80.00

Figure 10. Gains and losses in the areas of the categories in km?.

We found that over the study period, the area’s vacant lands shrank by 155 km?,
whereas other regions saw 104 km? growth, resulting in a loss of vacant lands at a pace
of 51 km?. On the other hand, the rise in built-up land—which amounted to nearly
90 km?—is the predominant change between 2000 and 2020, and the area’s loss is essentially
nonexistent. The decline in agricultural areas became prevalent in many regions as the
cultivated area decreased by approximately 108 km?. In comparison, it increased in other
regions by approximately 70 km?, indicating that the trend here was downward (See
Figure 11).

Net Change between 2000 and 2020

Agncu il *i

Vacant Land -—

4000 -20.00 000 2000 40.00 60.00 80:00
Figure 11. Net change of areas in km?.

We found that the net area is the difference between gains and losses, which supports
the previous conclusion that built-up land areas increased by about 90 km? over the study
period, while land areas decreased by 51 km? and agricultural areas decreased by 39 km?.
Additionally, each category’s percentage change is computed using the following formula:

(new area — original area)of the category "
new Area of category

Percentage net change in area = 100

The pace of growth in urban areas was 55.9% of the total built-up land area. The
percentage of the decrease in the area of vacant lands took up 2.2% of the area of the studied
category. Regarding the agricultural areas, cultivated areas decreased by roughly 27% as a
percentage (Figure 11 and Table 1).

In order to determine the spatial distribution of the changes between the categories
and determine their areas, a change map relating to the changes in the classified categories
for the years 2000 to 2020 was also developed (see Figure 12 and Table 4).
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Figure 12. A map of the changes that occurred for the studied categories between the years 2000 and 2020.

Table 4. Areas of change among the studied categories between the years 2000 and 2020.

Order Area in km? Category
1 0.11 Built-up lands to vacant lands
2 104 Agricultural areas to vacant lands
3 85 Vacant lands to built-up lands
4 4.6 Agricultural areas to built-up lands
5 69.9 Vacant lands to agricultural areas
6 0.4 Built-up lands to agricultural areas
7 2357 Unchanged areas

Total 2621 Total area

Based on the spatial trend of change analysis tool for the classification variables, it
became clear that the urban extension of the Kharj region was toward the north, south, and
southeast. The As-sih governorate extended toward the east, along the main roads of the
three provinces of the region As-sih, Al-hayathem, and Al-Dilam. Moreover, the extension
of the region receded to the west because of the dunes (Figure 13).

5.3.2. Transition Potential

The function of this stage lies in creating potential transition maps to run the actual
modeling and then assembling transitions into a set of sub-models and exploring the
latent power of explanatory variables [25]. Six transitional groups were identified for the
categories or classification variables of urbanization, farms, and vacant lands and included
in one group under the name “To Urban” to create transition probability maps.
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Figure 13. The spatial trend of urban growth.

Based on a set of criteria influencing the urban growth process of the Kharj region
through the transition sub-model panel, a set of criteria was adopted that played a dynamic
role in the study area. It was reclassified on a standard scale = (0, 2.55) by making it fuzzy
within the geographic information systems analysis tools for decision support within the
IDRISI Terrset software.

It is optional to carry out the calibration process for the factors, as the criteria can
maintain their original values of distances and heights without being standardzed [26]. The
most important of these criteria are:

1.  Distance from the road network (Figure 14);
Distance from city centers (Figure 15);
Slopes (Figure 16);

Hydrology (Figure 17).

Ll

Figure 14. Distance from the road network.
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Figure 15. Distance from city centers.

Figure 16. Slopes.
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Figure 17. Hydrology.

After defining the criteria, the transitional modeling process was implemented ac-
cording to the methodology of one of the types of artificial intelligence, the multilayer
perceptron (MLP). It is one of the most common artificial neuron networks that depend on
the BP algorithm [27], as it supports several changes for the studied groups. It was used to
extract training samples from the land use maps for 2000 and 2020 that show the areas that
have transformed and the areas that have stayed the same in preparation for the machine
learning process that will predict future changes.
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5.3.3. Change Prediction

The urban growth of the Kharj region was predicted for the year 2040 through Markov
chain modeling, which is available within the change prediction phase (Figure 18). The
amount of land cover used in the previous years (2020) was determined and anticipated
for the following years based on that (2040). The transition matrix is derived using future
projections and a file of transition possibilities, which can be considered a matrix in which
the probability of changing each land cover category is recorded (Table 5).
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Figure 18. Prediction map for the Kharj region in 2040.

Table 5. Transition matrix 2020.

Land Cover Vacant Lands Built-Up Lands Agricultural Areas
Vacant lands 0.9344 0.0360 0.0296
Built-up lands 0.02 0.9998 0
Agricultural areas 0.5675 0.0251 0.4075

Figure 18 illustrates the comprehensive and rapid expansion of urban areas. Table 6
shows that urban areas covered about 269 km?2, which is 67.1% more than in 2020 when it
was only 161 km?. The Kharj region began to expand in several directions as the built-up
lands extended in the northwest direction and to the southeast of the city of Al-hayathem.
It also extended longitudinally toward the east, west, and southwest of the city of As-sih,
along the main roads of Al-hayathem and As-sih. The built-up lands east of Al-Dilam
stretched from north to south, paralleling the main road (Riyadh-Wadi AlDawasir).

Estimates show that residential plans will take up 5% of the total land cover area
by 2040, which will cause a significant drop in agricultural land. The vacant lands also
retreated from what they were previously, amounting to 2220 km?. This is due to the
transformation of many agricultural areas and vacant lands into residential developments
and educational and industrial facilities. Field research showed an industrial area in the
region’s southeast; urban growth began to extend near it, and the dunes began to recede
for the urban development process. It also became clear that the process of urban growth
was concentrated near the city centers and the leading road network.



Sustainability 2023, 15, 7037 16 of 18
Table 6. The land cover areas of the Kharj region between 2020 and 2040.
Land C Area in km? Difference in
and Lover 2020 2040 % Area (in km?)
Vacant lands 2315 2220 85 95—
Built-up lands 161 269 10 180+
Agricultural areas 145 132 5 13—
Total 2621 2621 100

Source: the researcher’s work.

6. Discussion

Based on the analytical process of land-use maps for the Kharj region, the study showed
that there had been changes in the land cover during the past thirty years (1990-2020). Built-up
land areas reached 47 km? in 1990 and increased to 2.71% of the studied area to 71 km? in 2000.
This increase is slight due to the economic recession that accompanied the drop in oil prices
and the Gulf crisis [5], and it continued to increase in 2010, becoming 4.5% of the studied area.
In 2020, it became 161 km?, or 6.14% of the studied area, meaning that the Kharj is witnessing
a noticeable decline in agricultural lands at the expense of built-up lands. This decline is
primarily due to the transformation of agricultural areas into commercial and economic areas,
in addition to residential expansions and natural causes, such as sand encroachment and the
presence of valleys that formed the urban growth paths of cities [28].

On the other hand, the prediction accuracy was verified twice using the Validate tool,
first by checking the visualization of 2010 and then of 2020. The verification rate was
excellent, and the value of the Kappa index exceeded 90% This shows the accuracy and
importance of the model in urban studies through the drawing up of future policies for
planning and sustainable development. The land-use map for the year 2040 also showed
that there would be much more built-up land to the south, southeast, southwest, and
northwest, with an estimated 269 km?2. This result is in line with a population growth
study of the Kingdom of Saudi Arabia, which indicates that the population will continue
to increase until the year 2060 [29]. Agricultural lands would also lose much land area to
residential plans, making up about 5% of the total land cover area. This result may affect
biodiversity, as Ayasreh [13] indicated in his study of the Saqib region that the decrease
in agricultural areas may be due to the depletion of farms, which drives an imbalance
in biodiversity.

Additionally, the area of vacant land had shrunk from its prior size of 2220 km?. That
is due to the transformation of many agricultural areas and vacant lands into residential
developments and educational and industrial facilities. Accordingly, the land change model
(LCM) has been proven to effectively predict urban growth to keep pace with the continuous
updates of the urban mass, which gives authority to planners and those interested in setting
the expected scenario for urban development and achieving sustainability [30].

7. Conclusions and Recommendations

In this paper, urban growth was calculated using historical data and the MLP method.
Moreover, the limitations of factors that affect urban growth were considered necessary
to produce accurate results. After validation has been applied to this methodology, the
researchers recommend using mathematical models as a powerful and effective tool for
simulating future growth to understand the expected urban scenario in light of the fast
growth of the Kharj region. That helps the city grow in a way that is sustainable and fits
with the Kingdom of Saudi Arabia’s vision for 2030.

More future forecast studies should be conducted on the impact of urban expansion at
the expense of agricultural areas to devise development plans that enhance environmental
life and landscapes and develop green spaces to achieve the Saudi Green Initiative.

For future studies, it is recommended to study the integration between the logistic
regression model and the Markov chain to simulate the urban expansion of the Kharj region.
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The future urban growth of the cities of the Kharj region can also be analyzed using the
surface model algorithm.

Author Contributions: Conceptualization, H.A.A.; Validation, A.S.A.; Formal analysis, A.S.A.; Su-
pervision, H.A.A. All authors have read and agreed to the published version of the manuscript.

Funding: The authors extend their appreciation to the Deputyship for Research & Innovation, Ministry
of Education in Saudi Arabia for funding this research work through the project no. (IFKSURG-2-519).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Bhatta, B. Causes and Consequences of Urban Growth and Sprawl. In Analysis of Urban Growth and Sprawl from Remote Sensing
Data; Bhatta, B., Ed.; Advances in Geographic Information Science; Springer: Berlin/Heidelberg, Germany, 2010; pp. 17-36.
ISBN 978-3-642-05299-6.

Urban Development. Available online: https://www.worldbank.org/en/topic/urbandevelopment/overview (accessed on 21
November 2022).

Al-Sadhan, A.; Bin, N. A View of Social Changes in the Saudi City after Urban Expansion, Scientific Article. Al-Jazeera Newspaper,
22 February 2011; p. 14026.

Abdelatti, H.; Elhadary, Y.; Babiker, A.A. Nature and Trend of Urban Growth in Saudi Arabia: The Case of Al-Ahsa Province—
Eastern Region. Resour. Environ. 2017, 7, 69-80.

Al-Juaidi, F. Al-Kharj Region; King Fahd Library: Riyadh, Saudi Arabia, 2019.

Al-Ghazwani, N.; Al-Abdul-Mohsen, F; Al-Hayati, N. Monitoring Urban Expansion in Al-Kharj Governorate Using Remote Sensing
during the Period (1973-2010 AD); Department of Geography, King Saud University: Riyadh, Saudi Arabia, 2011.

Al-Muthaibi, A.; Al-Juaidi, F. Monitoring Urban Growth in Al-Kharj Cities Using Remote Sensing Data in the Period 1973-2014.
Geogr. Res. 2020, 126.

Al-Enezi, N.S. Analysis of Urban Growth and Trends in the City of Jeddah Using Remote Sensing Techniques and Geographic
Information Systems. Master’s Thesis, Umm Al-Qura University, Makkah Al-Mukarramah, Saudi Arabia, 2019.

Batty, M. Urban Modeling. In International Encyclopedia of Human Geography; Thrift, N., Kitchin, R., Eds.; Elsevier: Oxford, UK,
2009; pp. 51-58.

Sui, D.Z. GIS-Based Urban Modelling: Practices, Problems, and Prospects. Int. J. Geogr. Inf. Sci. 1998, 12, 651-671. [CrossRef]
[PubMed]

Waddell, P. UrbanSim: Modeling Urban Development for Land Use, Transportation, and Environmental Planning. J. Am. Plan.
Assoc. 2002, 68,297-314. [CrossRef]

Isawah, W.; Younesi, I. The reality of urban growth in the Arab world. J. Inf. Noteb. 2020, 15, 11-37.

Ayasrah, T. Simulation of Urban Growth Based on Autonomic-Cellular Behavior Modeling and Land Change Modeling, an
Applied Study on the Sakib Region in Jordan. J. Archit. Plan. 2018, 30, 1-23.

Altuwaijri, H.A.; Alotaibi, M.H.; Almudlaj, A.M.; Almalki, EM. Predicting Urban Growth of Arriyadh City, Capital of the
Kingdom of Saudi Arabia, Using Markov Cellular Automata in TerrSet Geospatial System. Arab. ]. Geosci. 2019, 12, 135.
[CrossRef]

Clarke, K.C.; Gaydos, L.J. Loose-Coupling a Cellular Automaton Model and GIS: Long-Term Urban Growth Prediction for San
Francisco and Washington/Baltimore. Int. J. Geogr. Inf. Sci. 1998, 12, 699-714. [CrossRef] [PubMed]

Al-Darwish, Y.; Ayad, H.; Taha, D.; Saadallah, D. Predicting the Future Urban Growth and It’s Impacts on the Surrounding
Environment Using Urban Simulation Models: Case Study of Ibb City—Yemen. Alex. Eng. ]. 2018, 57, 2887-2895. [CrossRef]
Rana, M.S,; Sarkar, S. Prediction of Urban Expansion by Using Land Cover Change Detection Approach. Heliyon 2021, 7, e08437.
[CrossRef] [PubMed]

Jokar Arsanjani, J.; Helbich, M.; Kainz, W.; Darvishi Boloorani, A. Integration of Logistic Regression, Markov Chain and Cellular
Automata Models to Simulate Urban Expansion. Int. |. Appl. Earth Obs. Geoinf. 2013, 21, 265-275. [CrossRef]

Mallick, S.K; Das, P.; Maity, B.; Rudra, S.; Pramanik, M.; Pradhan, B.; Sahana, M. Understanding Future Urban Growth, Urban
Resilience and Sustainable Development of Small Cities Using Prediction-Adaptation-Resilience (PAR) Approach. Sustain. Cities
Soc. 2021, 74, 103196. [CrossRef]

Ozturk, D. Urban Growth Simulation of Atakum (Samsun, Turkey) Using Cellular Automata-Markov Chain and Multi-Layer
Perceptron-Markov Chain Models. Remote Sens. 2015, 7, 5918-5950. [CrossRef]

Al-Juaidi, F. Monitoring the Change in the Directions of the Streams of the Valleys in the Al-Kharj Plain Using Remote Sensing
Data and Geographic Information Systems, during the Period from 1950-2006. ]. Gulf Arab. Penins. Stud. 2007, 33, 229-260.


https://www.worldbank.org/en/topic/urbandevelopment/overview
https://doi.org/10.1080/136588198241581
https://www.ncbi.nlm.nih.gov/pubmed/12294534
https://doi.org/10.1080/01944360208976274
https://doi.org/10.1007/s12517-019-4261-z
https://doi.org/10.1080/136588198241617
https://www.ncbi.nlm.nih.gov/pubmed/12294536
https://doi.org/10.1016/j.aej.2017.10.009
https://doi.org/10.1016/j.heliyon.2021.e08437
https://www.ncbi.nlm.nih.gov/pubmed/34901494
https://doi.org/10.1016/j.jag.2011.12.014
https://doi.org/10.1016/j.scs.2021.103196
https://doi.org/10.3390/rs70505918

Sustainability 2023, 15, 7037 18 of 18

22.
23.
24.

25.
26.

27.

28.

29.

30.

Obeidat, T. Scientific Research Concept, Tools and Methods; Dar Al-Fikr: Amman, Jordan, 2013.

Jacob, C. A coefficient of Agreement for Nominal Scales. Educ. Psychol. Meas. 1960, 20, 37-46.

Congalton, R.G.; Oderwald, R.G.; Mead, R.A. Assessing Landsat classification accuracy using discrete multivariate analysis
statistical techniques. Photogramm. Eng. Remote Sens. 1983, 49, 1671-1678.

Eastman, ]. Terrset Geospatial Monitoring and Modeling System Tutorial; Clark University: Worcester, MA, USA, 2016; pp. 345-389.
Sivakumar, V. Urban mapping and growth prediction using remote sensing and GIS techniques, Pune, India. ISPRS—Int. Arch.
Photogramm. Remote Sens. Spat. Inf. Sci. 2014, 8, 967-970. [CrossRef]

Mishra, V.; Rai, P.; Mohan, K. Prediction of Land Use Changes Based on Land Change Modeler (LCM) Using Remote Sensing: A
Case Study of Muzaffarpur (Bihar). India. ]. Geogr. Inst. Cvijic. 2014, 60, 2014. [CrossRef]

Al-Mubarak, H.; Al-Hajji, Z. Urban Sprawl on Agricultural Areas and Its Environmental Effects in Al-Ahsa Governorate Using
Remote Sensing Technology and Geographic Information Systems. 2019, 117, 2213-2240.

Populationpyramid.net. Population Pyramids of the World from 1950 to 2100: WORLD. 2019. Available online: https://www.
populationpyramid.net/world/2050/ (accessed on 4 June 2022).

Hassan, M.M.; Ragab, S.S. Spatial Modeling of Urban Sprawl in Duhok City Using Markov Algorithm. Duhok Univ. J. 2020, 23,
515-529.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.5194/isprsarchives-XL-8-967-2014
https://doi.org/10.2298/IJGI1401111M
https://www.populationpyramid.net/world/2050/
https://www.populationpyramid.net/world/2050/

	Introduction 
	Urban Growth Modeling 
	Literature Review 
	Area of Study and Study Methods 
	Study Area 
	Study Approach 
	Study Methodology 
	Data Preparation 
	Modeling Future Urban Growth 


	Analysis and Results 
	Urban Growth of the Kharj Region 
	Checking the Accuracy of the Land Change Modeler (LCM) 
	Modeling Future Urban Growth for the Year 2040 
	Change Analysis 
	Transition Potential 
	Change Prediction 


	Discussion 
	Conclusions and Recommendations 
	References

