
remote sensing  

Article

A Method for Exploring the Link between Urban Area
Expansion over Time and the Opportunity for Crime
in Saudi Arabia
Mofza Algahtany 1,2,* and Lalit Kumar 1

1 School of Environment and Rural Science, University of New England, Armidale NSW 2351, Australia;
lkumar@une.edu.au

2 Ministry of Justice, Riyadh 11472, Saudi Arabia
* Correspondence: malgahta@une.edu.au; Tel.: +61-267-735-217

Academic Editors: Qihao Weng, Richard Gloaguen and Prasad S. Thenkabail
Received: 11 July 2016; Accepted: 14 October 2016; Published: 19 October 2016

Abstract: Urban area expansion is one of the most critical types of worldwide change, and most urban
areas are experiencing increased growth in population and infrastructure development. Urban change
leads to many changes in the daily activities of people living within an affected area. Many studies
have suggested that urbanization and crime are related. However, they focused particularly on land
uses, types of land use, and urban forms, such as the physical features of neighbourhoods, roads,
shopping centres, and bus stations. Understanding the correlation between urban area expansion
and crime is very important for criminologists and urban planning decision-makers. In this study,
we have used satellite images to measure urban expansion over a 10-year period and tested the
correlations between these expansions and the number of criminal activities within these specific
areas. The results show that there is a measurable relationship between urban expansion and
criminal activities. Our findings support the crime opportunity theory as one possibility, which
suggests that population density and crime are conceptually related. We found the correlations
are stronger where there has been greater urban growth. Many other factors that may affect crime
rate are not included in this paper, such as information on the spatial details of the population,
city planning, economic considerations, the distance from the city centre, neighbourhood quality,
and police numbers. However, this study will be of particular interest to those who aim to use remote
sensing to study patterns of crime.
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1. Introduction

Many researchers have suggested that criminal activities and urban growth changes are related.
These studies have focused particularly on land uses, types of land use, and urban forms, such as
the physical features of neighbourhoods [1], roads [2], shopping centres, and bus stations [3–5].
However, knowing the correlation between expansion of urban areas and crime is very important
for criminologists and urban planning decision-makers. In this paper, we attempt to investigate the
link between the expansion of urban areas and the potential for crime by analysing satellite images
over time together with the number of crimes committed during the same timeframe using remote
sensing techniques.

Environmental criminology is a very important aspect to understand when dealing with crime
and for crime prevention. Additionally, studying people‘s interactions with environmental factors,
such as the points of transportation, work, shopping centres or even the outskirts of the city, can help
in crime prediction [6–9]. Boessen and Hipp have reported that although recent studies tend to split
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the crime study areas into small scales, such as streets blocks or blocks of houses, the surrounding
areas have an extensive impact [10].

Urban area expansion is one of the most critical types of worldwide change, and most urban
areas are experiencing increased growth in population and infrastructure development. Increases
in urbanization lead to many changes in the daily activities of people living within an affected area.
Urban area expansions, over time, can also change the potential for crime [11]. Usually, people are
attracted to large cities because they are social and economic centres; however, this makes them more
opportune places for crime to occur. Crime is an intricate issue, and many researchers have concurred
that a connection between crime and land use exists [12,13]. Theories about opportunity for crime
suggest that crime and population are related; where there is a density of crime, there is a density of
population [14]. This opportunity increases when targets are found in an appropriate place and there
is no surveillance in the urban area [15,16]. Crime and the fear of crime blight and drain the social
and economic vitality out of urban life [17,18]. Urbanization increase and growing city environments
have the potential to influence the timing and placement of criminal activities [5,19–21]. Urbanization
information, such as zoning and area characteristics, can help us understand patterns of criminal
activity [22].

Urban and neighbourhood changes, and government planning programs, play key roles in the
increase in criminal activity [23]. Commonly, urban areas around the world have had annual increases
to their populations, which lead to increases in urban areas. However, planning and management of
these increases are different from society to society and from government to government. Good urban
planning in urban areas is playing an important role in the provision of a society’s needs, such as
infrastructure development, ecosystem management, and safety controls, while poor planning leads to
more societal problems, such as drugs and crime [24,25]. Urban area expansion also affects cities at
finer scales, such as at the neighbourhood level; thus, growing environments play an essential role in
shaping the criminal activity within a given area [26–28]. Some urban area combinations and designs
can make chances for crime greater, such as blocking surveillance sight lines. By contrast, other urban
combinations and designs can help in preventing crime [29].

To create a safe environment, it is important to understand the link between urbanization change
(increase) and opportunities for crime. Understanding the relationship between crime and urbanization
will help us to make the right decisions and develop good strategies that can aid in crime prevention,
as well as reduce the opportunity for crimes to be committed. It can also help police agencies so that
they can be at the right place at the right time; that is, where we expect or predict crime to happen.
In addition, it can assist in decisions, such as where to locate police stations when new ones are
established and help determine which areas need more surveillance. Hence, the appropriate use of
land can help build safer environments and help reduce the opportunity for crime [30].

The relationship between urbanization and opportunity for crime has been studied by researchers
who investigated theories in the field of environmental criminology [31]. However, very few studies
have considered urbanization change over time using remote sensing to study crime. Remote sensing
techniques are powerful tools to analyse change, and it can help in such issues to detect the changes
on the Earth’s surface. In 2013, Nazri examined the spatial relationship between urbanization and
criminal activities in Malaysia. Although his study focused on urban planning, he established a strong
association between neighbourhood increase and opportunity for crime. Stucky and Ottensmann [32]
have researched the link between violent crime and urban areas, and they investigated whether this
relationship is affected by socioeconomic and demographic characteristics. They obtained a variance
of results, where some non-residential areas had a high rate of violent crime, while some areas had
lower rates. They also found some urbanized areas were affected by socioeconomic disadvantage.
Zhang [33] analysed the relationship between bus ridership and crime. He found that high population
density and urbanized area characteristics catalysed criminal activity and tended to make it cluster
crime around bus stops. In 2002, Schmitz and his colleagues have selected three images on three
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different dates to determine the increase in settlement in a particular area of Bredell, in eastern Gauteng,
South Africa [34].

Moving in the opposite direction, some researchers have studied the link between demolitions
or decreases in urban areas and criminal activity. Frazier, Bagchi-Sen and Knight [35] examined the
relationship between demolitions and crime. The aim of their study was to identify the high and low
hot spots of demolition and criminal activity over a five-year period when the city was shrinking.
They found a relationship between demolition areas and migration and patterns of crime in the affected
areas. The movement of crime was toward the city’s edges and suburbs. These findings can help in
understanding the patterns of crime during the implementation of demolition projects in shrinking
cities. In 1999, Cullen and Levitt analysed the link between city crime rates and population decrease.
Sometimes populations decline and citizens migrate toward other cities to get better services in other
urban areas. Highly-educated families tend to leave the city because of changes in the crime rate that
affect their safety. Cullen and Levitt found a relationship between crime and urban flight, and their
results suggest that every crime report corresponds with a decrease of approximately one person in
the city population [36].

Literature in environmental criminology confirms that there is a link between urban expansion
and opportunities for crime to happen. In this paper, we investigated urban expansion and examined
the correlation between urban area expansion and opportunity for crime. However, little research has
previously examined this link digitally by using remote sensing techniques as a classification model to
extract the exact urban expansions to compare with crime rates.

Rapid urban expansion in Saudi Arabia started from the period of the oil boom in the 1950s [37].
Since that time, the three important urban centres in the country, Riyadh, Jeddah, and Dammam,
have experienced rapid growth. Riyadh and Jeddah are some of the fastest growing cities in the
world [38,39]. For example, the spatial coverage of Riyadh was less than 1 km2 in 1916 [40] and,
in the last century, the population of Riyadh was less than 15,000 people. Currently, it has around
eight million people and it is projected to exceed 10 million by 2020 [41]. Makkah province includes
the holy city, Makkah, which receives millions of pilgrims every year [39]. The second city in this
province is Jeddah, which is growing in importance as a seaport on the east coast of the Red Sea.
The peak growth of Jeddah was in the late 1960s, when it ranked as one of the fastest growing cities
in the world [39]. East Area, which is considered the richest oil area in Saudi Arabia, has most of the
petroleum production companies. It includes the most important industrial city, which is Al-Jubail.
For urban planning in Saudi Arabia, decision-making is a centralized process, so urban planning is
a top-down process which is coordinated by the Ministry of Municipal and Rural Affairs across the
country. This makes public participation and the ability to access planning data very limited [42].

Modern spatial techniques are powerful tools to analyse such issues and investigate these types
of correlations. They may be used to promote a better understanding and provide the right ideas to
support decision-makers, helping them in the decision-making process regarding crime prevention.

This paper identifies, digitally, the link between urban expansion and the opportunity for crime,
and seeks to answer the question of whether there is a relationship between expansion of urbanised
areas and crime rates. It also shows the type of this correlation. Urban change detection models
have become important tools for analysing the side effects associated with urban expansion over time.
They can measure the consequences and causes of urbanization and urban growth and determine
whether there have been economic or social effects. However, the objective of this research paper is to
use remote sensing to analyse and test the relationship between the urban increase that has occurred
from 2003 to 2012 and the opportunity for crime in Saudi Arabia.

2. Study Area

This study was conducted in four different provinces of Saudi Arabia, including Riyadh, Makkah,
the East Area, and Tabouk (Figure 1). According to the Central Department of Statistics and Information
of Saudi Arabia [43], the first three provinces are considered to be the most populated and fastest
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growing areas in Saudi Arabia, while Tabouk is considered to be one of the slowest growing. Riyadh
Province is located in the central part of the country and includes the capital city (Riyadh). Riyadh is
the largest city in Saudi Arabia in urbanized form. As of 2012, it had a population of approximately
7,309,966 people [43], and it has been considered the second-most populated area, whereas Makkah
had the largest populating with approximately 7,471,975 people. Makkah Province is located in the
west of the country. It is the second largest urbanized area after Riyadh. It has three main cities:
Makkah, Jeddah, and Al-Taif. Makkah is considered a spiritual place for Muslims around the world
and is situated in the province’s centre. Millions of Muslims visit Makkah every year. Jeddah is
the important commercial port on the west coast (Red Sea). Al-Taif is the third city in the Makkah
region, and is located in a mountainous area in the southeast of the province. The East Area is the
third province in the country. It contains six main cities, including Dammam, Al-Khobar, Al-Dhahran,
Ras Tanura, Al-Qatif, and Al-Jubail. As of 2012, it had a population of approximately 4,414,278 people.
It is considered to be the richest oil area in Saudi Arabia, wherein the most petroleum production
exists. Tabouk Province is a member of the remaining nine provinces in Saudi Arabia. It has an average
urban growth compared to the other small provinces; however, it is still smaller than the other three
provinces listed above. In 2012, its population was estimated to be 845,857 people. It is located in the
northwest of Saudi Arabia and shares borders with Egypt and Jordan.
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3. Data

3.1. Population and Criminal Data

The data for common criminal cases were collected by the Ministry of Justice annually;
they include the number of judicial rulings on cases such as drug activity, theft, murder, assault,
alcohol, and outrageous cases (sex-related crime) [44]. These data span the 10 years from 2003 to 2012,
and it should be noted that the criminal data are based on cases that have been finalized judicially,
by instrument or decision, which gives it a high level of accuracy [45,46]. The individual crimes are not
geocoded; they are reported at a provincial level. Population values in the four provinces during the
period from 2003 to 2012 were obtained from the Central Department of Statistics and Information of
Saudi Arabia [43] (Table 1). The analysis was undertaken at the provincial level. Four provinces were
used: Riyadh, Makkah, East Area, and Tabouk. The total number of criminal cases over the 10 years
for all criminal activities (drug, theft, murder, assault, alcohol, and outrageous cases) were 103,896 for
Riyadh, 123,749 for Makkah, 48,571 for East Area, and 12,009 for Tabouk.
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Table 1. Study areas, population, and selected Landsat images used for this study.

Area Landsat Path Row Date Population Population Density p/1 km2

Riyadh
LE7

165 43 2 August 2003 5,616,117 14
166 43 14 January 2003

LC8
165 43 13 January 2014
166 43 20 January 2014 7,309,966 19

Makkah
LE7

169 45 19 January 2003 5,790,275 42
170 45 10 January 2003

LC8
169 45 12 April 2013
170 45 19 April 2013 7,471,975 54

The East Area
LE7

164 41 1 February 2003 3,436,200 6
164 42 24 May 2003

LC8
164 41 12 June 2013
164 42 12 June 2013 4,414,278 8

Tabouk
LE7 173 40 31 January 2003 662,038 4
LC8 173 40 29 July 2013 845,857 6

3.2. Satellite Data

Seven Landsat images from 2003, taken by the Enhanced Thematic Mapper Plus (ETM+),
and seven images from 2012 and 2013, taken by an Operational Land Imager (OLI) and Thermal
Infrared Sensor (TIRS), have been used in this study covering the four provinces and were acquired
from the USGS website [47] (Table 1). We have selected cloud-free images for both the 2003 and the
2012–2013 time periods. In the 2003 data, the ETM+ images were already corrected from scan line errors
caused by the failing of the scan line corrector (SLC). This study aims to detect the expansion of urban
cover and its relationship to increase of crime rates in the selected cities. Therefore, the differences in
date between images were not considered, for the images themselves were enough for this study’s
purposes. For example, in Riyadh Province, there were two images at different times where the first
one was in August and the other was in January. The short period differences in the satellite images in
the same year would have no effect on the analysis because the purpose was only to detect the urban
expansion. Thus, the changes on urban area during short periods are not considered.

4. Processing

4.1. Image-to-Image Geometric Registration

The Landsat images were geometrically rectified to UTM zone 37 for the Makkah and Tabouk
provinces, zone 38 for Riyadh, and zone 39 for the East Area. However, there was a shift in the images
of Riyadh and the East Area. To use ETM+ data for analysis, the images needed to be registered to
the other images and geometrically corrected. A third-order polynomial function was used to register
the 2012 images to the images of 2003 for these two provinces, which share the same path and row,
with 25 control points in the X and Y dimensions. The root mean square (RMS) error was 0.2 pixels.
This approach was described by Goshtasby [48].

4.2. Mosaic Processing

Layer stacking was applied to merge all of the bands of level-1 product images. Afterwards,
where Riyadh, Makkah, and the East Area needed two separate images, we have applied mosaic
processing to merge the two images in order to cover the urban areas of these three provinces.

4.3. Images Subset

To determine the exact urban area based on administrative provinces, we have used image subsets
to extract the urban area boundaries. None of the images had cloud cover. We carefully selected
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clear images because the main aim of this study was to obtain the urban area changes so we could
investigate the link between urban area expansion and the crime rate over time. While the main
purpose was to obtain the difference of digital number (DN) between urban areas, there was no need
to use a complex model, such as an atmospheric correction model [49].

4.4. Classifications and Accuracy Assessment

We used a subset of images to determine the urbanization area boundaries for two dates: 2003
and 2013. Maximum likelihood classification (MLC) was applied based on the spectral bands. This was
done pixel by pixel to compare the digital values of two image classifications [50].

The region of interest (ROI) tool in the ENVI software package (ENVI 5.1 (2013), “Exelis Inc.”,
Boulder, CO, USA) was used to apply stratified random sampling (SRS) for four main land cover
features—water, vegetation, urban areas, and bare land—on all of the provinces’ images separately.
In addition, manual editing was applied on the classification result to increase the accuracy of our
final result. Thus, we have corrected misclassified objects in all of the images to modify incorrect
classification. Accuracy assessment is an essential technique to assess the quality of final results
of classifications (see [51]). The producer’s, user’s, overall accuracies, and kappa coefficient were
analysed for all image classifications to compare the results with reference data and validate the
classification results in confusion matrices (Table 2).

For accuracy assessment, we repeated sample taking (using the SRS method) several times on
each map until we had obtained the appropriate accuracy (Table 2). The purpose of classification
was to extract only the urban area. Thus, other land cover features were considered to be non-urban
features. The pixels of urban class was converted to hectares. The increase of urban area from 2003 to
2013 was calculated for all of the provinces based on a pixel size of 30 m, which is computed as:

A (hac) =
p2

10000
(1)

where A is the area in hectare, and p is pixel size.

Table 2. Accuracy assessment of classification.

Provinces
Landsat (ETM+) 2003 Landsat (OLI) 2013

Producer’s
Accuracy

User’s
Accuracy

Overall
Accuracy

Kappa
Coefficient

Producer’s
Accuracy

User’s
Accuracy

Overall
Accuracy

Kappa
Coefficient

Riyadh 91.17 99.79 92.65 0.89 93.13 98.39 87.48 0.82
Makkah 96.29 30.05 96.78 0.86 92.47 82.13 80.56 0.56

The East Area 89.75 72.48 90.06 0.86 76.98 95.76 91.09 0.87
Tabouk 85.51 100.00 94.67 0.91 63.56 99.72 88.18 0.82

This increase was divided by the number of years to obtain the annual increase (Table 3).
The annual increase was added to the study years, starting with 2003, to obtain the urbanization
area for each year so as to be able to use it for the regression analysis. We have used only these
two dates (2003–2013) for two reasons. First, the main aim was to calculate the gross change of urban
area. Second, the real changes of each year did not have much effect on the final result, where the
estimated yearly change was enough for the analysis.
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Table 3. Urban change over time.

Urban Area over the 10 Years (ha)

Year Riyadh Makkah The East Area Tabouk

2003 73,359.72 53,124.93 53,295 3501
2004 77,802.66 55,904.7 55,488.89 3532.11
2005 82,245.6 58,684.47 57,682.78 3563.22
2006 86,688.54 61,464.24 59,876.67 3594.33
2007 91,131.48 64,244.01 62,070.56 3625.44
2008 95,574.42 67,023.78 64,264.44 3656.55
2009 100,017.4 69,803.55 66,458.33 3687.66
2010 104,460.3 72,583.32 68,652.22 3718.77
2011 108,903.2 75,363.09 70,846.11 3749.88
2012 113,346.2 78,142.86 73,040.31 3781

Variance (2003–2012) 48,872.34 25,017.93 19,745.31 280

Expansion (%) 66.62 47.1 37.05 8.00

4.5. Statistical Approach

After converting the urban areas from pixels to hectares, we have compared the estimated annual
change in urban area to the annual crime rate for each study region. Crime, overall, was divided by the
number of population for each region yearly, and these values (crimes per person in each region) were
multiplied by 1000 to give crimes per 1000 population to determine criminal cases per 1000 persons
per year. Many statistical approaches were tested to determine which type would be the most suitable
approach for our data. Most of these approaches share the assumption that data should be included
under some conditions, such as number of variables (e.g., multiple regression needs two or more
independent variables), linear relationship, interval or ratio level, significant outliers, and assumption
of bivariate normality. We found that the best statistical approach is the Spearman’s rank-order
correlation because it is nonparametric (distribution-free). This approach can be used to measure the
strength of the relationship between two variables, whether these variables are continuous, ordinal,
or one continuous and one ordinal. When we tested for linear relationships, we discovered there
was no clear linear relationship that existed in all data variables to use linear regression, making it
suitable for analysis using Spearman’s correlation rather than Pearson’s correlation [52]. Spearman’s
rank-order correlation can be used in two methods. Whether the data have tied ranks depends on the
type of data. Since the data did not have tied ranks, we used the follwing equation:

p = 1 − 6 ∑ di2

n (n2 − 1)
(2)

where (di) is the difference between paired ranks, which are crime and urban area expansion, and (n)
is the number of cases.

Figure 2 shows the study processes starting with satellite images and crime data analyses that
were used to help for conversion to two variables, urban area expansion and annual crime rate, so as
to be able undertake the suitable statistical testing approach.
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5. Results

5.1. Classification Maps

Figures 3–6 explain the result of classification for urban area expansion in Riyadh, Makkah,
the East Area, and Tabouk, respectively. These expansions took place during the 10-year span from
2003 to 2012. The blue colour shows urban areas in 2003, while the red colour shows the urban
extension area in 2012. Riyadh Province includes the capital city and has one of the highest populations
and largest growing areas. It had the highest extension of urban area, with an increase in urban area
around 54%. Makkah Province includes the largest commercial port on the west coast (Jeddah), and its
urban areas have expanded by approximately 47.1% from 2003 to 2012. The East Area is considered
to be the third-largest province in the country and is located on the east coast. It was determined
to be the third-largest, as it had an urban area expansion of 37.05%. The last province explored was
Tabouk. The urban area in Tabouk has increased in urban area by only about 8% during the period of
the study (Table 3).
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5.2. Correlation between Crime and Urban Area Expansion

5.2.1. Riyadh Province

A Spearman’s rank-order correlation was run to assess the relationship between urban change
over the period of time and crime rate in all four provinces (Table 4). In Riyadh Province, preliminary
analyses showed the relationship to be linear with both variables normally distributed, as assessed
by the Shapiro–Wilk test (p > 0.5), and there were no outliers. There was a positive correlation
between urban expansion and crime (rs(8) = 0.697, p < 0.05) where urban increase explained 66.62%
of the variation in the crime rate in Riyadh (Figure 7). However, Hauke and Kossowski reported
that Spearman’s rank correlation coefficient is not necessarily a significant measure of the strength
relationship between two variables [52].

Table 4. Spearman’s rank-order correlation test results.

Province Riyadh Makkah The East Area Tabouk

Spearman’s rho Urban
Expansions

Crime
Overall

Urban
Expansions

Crime
Overall

Urban
Expansions

Crime
Overall

Urban
Expansions

Crime
Overall

Urban
changes

Correlation
Coefficient 1.000 0.697 * 1.000 0.782 ** 1.000 0.430 1.000 −0.200

Sig.
(two-tailed) 0.025 0.008 0.214 0.580

N 10 10 10 10 10 10 10 10

Crime
overall

Correlation
Coefficient 0.697 * 1.000 0.782 ** 1.000 0.430 1.000 −0.200 1.000

Sig.
(two-tailed) 0.025 0.008 0.214 0.580

N 10 10 10 10 10 10 10 10

Significance
* Correlation is

significant at the 0.05
level (two-tailed).

** Correlation is
significant at the 0.01

level (two-tailed).

No significant
correlation

No significant
correlation

5.2.2. Makkah Province

In testing the relationship between crime overall and urban expansion in Makkah Province,
the Spearman correlation coefficient suggests a positive correlation (rs = 0.782). An increase in overall
crime during the period was strongly associated with an increase in urban area (rs(8) = 0.782, p < 0.05)
(Figure 7).

5.2.3. The East Area

When Spearman’s rank-order correlation approach was run to test the relationship between
overall crime and urban land, the preliminary data assessed by the visual inspection of a scatterplot
showed that the relationship was not exactly monotonic. Although the linear equation shows that
there is a small positive relationship, the correlation was not strong (rs(8) = 0.43, p > 0.05) and we can
say that there was no significant correlation (Figure 7).

5.2.4. Tabouk

There was no significant correlation between these two variables in Tabouk Province.
The correlation coefficient was negative; it was −0.2 with a p-value of 0.580, where it exceeded
0.05 (Figure 7). In Riyadh and Makkah, there was a statistically significant relationship between
crime and urban expansion; thus, we reject the null hypothesis (no correlation exists) and accept the
alternative hypothesis (the correlation between crime and urban expansion over time exists). In the
East Area, the statistical significance of the relationship between crime and urban expansion over
the time period examined was notably less than in Riyadh and Makkah. There was no significant
correlation between crime and urban expansion in the East Area and Tabouk.
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Deductively, there was a positive correlation between urban expansion and crime (rs(8) = 0.697,
p < 0.05), where urban expansion explained 66% of the variation in the crime rate in Riyadh. In Makkah
Province, the coefficient also suggests a positive correlation (rs = 0.782). In the East Area, the correlation
was not strong (rs(8) = 0.43, p > 0.05). There was no significant correlation between urban area
expansion and crime in Tabouk Province. Thus, the correlations were stronger where there has been
larger urban expansion.

6. Discussion

Many researchers have suggested that criminal activities and land use changes are related.
These studies have focused particularly on land uses, types of land use, and urban forms, such as
the physical features of neighbourhoods [1], roads [2], and shopping centres and bus stations [3–5].
In this paper, we attempted to investigate the link between the extension area of urbanization and the
potential for crime by analysing satellite images over time together with the number of crimes during
the same timeframe using remote sensing techniques.

Our findings show a positive association between increase in the urban area and the crime rate.
The urban area change of Riyadh Province was 54.5%, and the analyses showed a correlation between
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urban change and the crime rate that was stronger than in the other provinces. Our findings also
showed that in low-expansion urban areas, such as Tabouk (the change in Tabouk was only 8% during
study period), there was no significant relationship between these two variables. It is clear that this
correlation increases gradually whenever the urban expansion increases. The increase of the urban
area in Makkah was 47.1%, and there was a noted correlation, but less than in Riyadh, where R2 = 0.6.
The same held true in the East Area. Urban area expansion was 37%, and there was still a correlation,
but less than in Makkah, where R2 = 0.09. Consequently, there is an increase in the crime rate where
urban areas increase. These results support studies that confirm an existing link between expansion of
urban areas and crime, where crime rate increases whenever urbanization areas increase. Accordingly,
we can say that the study answers the research question of whether there is a relationship between
expansion of urbanized areas and crime rates.

This also helps to explain the difference in crime rates between large and small cities. Criminals
find more opportunities to commit crime in large cities than in small ones. In addition, the size and
types of population are different between large cities and small ones. Workers, visitors, and migrants
are considered as essential components of crime in large cities, while they do not have the same effects
in smaller cities. Daily, people’s activities depend on land use and an area’s function. Crime place
and crime density are different in any given city depending on how near or far they are from a city
centre, shopping mall, or bus station. The opportunity for crime could be greater in commercial areas
where there are elevated populations and targets during the day compared to residential areas [53].
Information such as this aids us in understanding how a city’s land use corresponds to crime patterns
across the urban landscape [54].

Crimes are neither random nor unique, but they do share many features and characteristics [54].
There are many factors that can affect crime rates related to land use change over time, such as city
planning, economic considerations, distance from the city centre, neighbourhood quality, and police
numbers. However, herein, our aim was to investigate the link between urban area expansion and
crime. We found that there is a relationship between urban expansion and criminal activities, where
this relationship increases whenever urbanization increases.

7. Conclusions

Land use change in urban forms is a notable phenomenon around the world and over time.
Land use change detection models have become important tools for studying changes that occur over
a given land. They help in analysing the effects associated with these changes over time, for both
consequences and causes of urban and land use growth and their economic or social effects. In this
study, we have used satellite images of our study area to measure urban change over a period of
10 years and test the correlations between these changes and the number of criminal activities of these
areas. The results have shown that there is a measurable relationship between urban increase and
criminal activity. Our findings support the crime opportunity theory as one of the possibilities, which
suggests that population density and crime are conceptually related. A stronger positive correlation
was found where there was greater urban area increase, and vice versa. There was a strong positive
correlation between urban expansion and crime in Riyadh and Makkah Provinces (rs(8) = 0.697,
p < 0.05). In Riyadh, urban increase explained 66% of the variation in the crime rate, while in Makkah
Province, the coefficient also suggests a positive correlation (rs = 0.782). Urban expansion was 47% in
Makkah. In the East Area, the correlation was not strong (rs(8) = 0.43, p > 0.05), where the correlation
with urban area expansion was 37%. In Tabouk Province, there was no significant correlation between
urban area expansion and crime, where the urban area increase was only 8%. Thus, we found the
correlations were stronger where there has been a larger urban change. Many other factors that may
affect the crime rate are not included in this paper, such as information on the spatial details of the
population, city planning, economic considerations, distance from the city centre, neighbourhood
quality, and police numbers. The sole aim of this paper was to investigate the link between urban
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area expansion and crime rate over time by analysing satellite images digitally. This study will be of
particular interest to those who aim to use remote sensing to study patterns of crime.
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