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Introduction
Globally, urban areas are facing escalating crime 
rates, adversely affecting community safety and 
socioeconomic stability (Vanderschueren, 1996; 
Mohamad Ali et al., 2020; Cesario, 2023). Rapid 
urbanisation has intensified this issue, bringing 
urban crime to the forefront of social and policy 
concerns. The phenomenon of urban crime has 
often been attributed to social disorganisation—
characterised by broken families and fragmented 
communities—leading to various urban 
problems (Witte, 1996; Glaeser & Sacerdote, 
1999; Sheykhi, 2016). High population density, 
socioeconomic disparities, and limited access 

to resources are prominent factors linked to 
the rise in different types of crime in urban 
environments (Alanezi, 2010; da Silva, 2014; 
Hew et al., 2019; Z. Zhang et al., 2023). As 
a consequence, urban areas tend to exhibit 
higher rates of property crime, violent crime, 
and drug-related offences compared to rural 
regions (Tacoli et al., 2014; Ray, 2016; Mburu 
& Mutua, 2023). Research has consistently 
shown that areas with insufficient social services 
and economic opportunities are more prone to 
higher crime rates (Marzuki, 2016; Elfversson 
& Höglund, 2023). Besides posing threats to 
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evolution. This study investigates the spatial and temporal dynamics of 58,130 property 
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Deviational Ellipse (SDE) and Mean Centre (MC) techniques to map directional trends and 
identify crime hotspots. The analysis reveals strong diurnal patterns, with peak incidents 
at 8:00 p.m. (8.12%) and the lowest at 4:00 a.m. (0.61%), consistent with routine activity 
theory. Spatially, crime shifted from commercial areas (e.g., Jalan Tuanku Abdul Rahman) 
to transportation corridors (e.g., Jalan Raja Laut) and re-converged in urban commercial 
hubs (e.g., Pertama Complex) by 2020. The SDE area varied from 100.82 km² to 117.01 
km², with increased dispersion and rotation in 2020, reflecting socioeconomic disruptions, 
notably from the COVID-19 pandemic. Although comprehensive statistical modelling of 
socioeconomic variables was limited, observable shifts suggest economic vulnerability and 
urban development as key drivers. The findings highlight the utility of spatial analytics 
for predictive policing and evidence-based urban planning, enabling more effective crime 
prevention and resilient city design. 
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community wellbeing, urban crime also imposes 
substantial financial burdens on cities through 
costs associated with law enforcement, legal 
proceedings, and incarceration (Aos et al., 2001; 
Mansourihanis et al., 2024). In this regard, the 
increase in urban crime rates can be viewed as 
a multidimensional issue that requires a holistic 
approach to be effectively mitigated.

Property crime remains a significant issue 
in urban environments, necessitating continual 
analysis to understand its spatial and temporal 
dynamics. This study examines property crime 
patterns and movements in Kuala Lumpur and 
Putrajaya from 2015 to 2020, utilising Standard 
Deviational Ellipse (SDE) and Mean Centre 
(MC) techniques (Abdullah et al., 2018; Pooja 
et al., 2024). These advanced spatial analysis 
methods provide comprehensive insights into 
areas of high crime concentration and their 
shifts over time (Tabangin et al., 2008; X. Zhang 
& Chen, 2023). 

The SDE technique elucidates the 
dispersion and directional trends of crime while 
the MC technique identifies the central point 
representing the average location of crime 
incidents (Ahmad et al., 2024a). This dual 
approach facilitates a detailed understanding of 
the evolution of crime hotspots, the influenced 
by various socio-economic and environmental 
factors. Kuala Lumpur, as the economic hub 
and Putrajaya, as the administrative centre 
offer unique urban landscapes that contribute 
to the complexity of crime patterns (Masron et 
al., 2025). This study aims to map the spatial 
distribution of property crimes, identifying 
critical areas for targeted law enforcement and 
urban planning interventions.

The research objectives are threefold: (i) to 
analyse the spatial distribution and movement of 
property crime in Kuala Lumpur and Putrajaya 
using the SDE technique; (ii) to identify and map 
changes in the central location of property crime 
incidents using the MC technique, highlighting 
shifts in crime hotspots over time; and (iii) to 
provide insights and recommendations for law 
enforcement and urban planners based on the 
findings, supporting evidence-based policy-

making and strategic urban crime prevention. 
Previous studies on property crime in Kuala 
Lumpur and Putrajaya have mainly relied on 
descriptive statistics and traditional mapping 
techniques, lacking the spatial precision offered 
by advanced geospatial analysis methods 
(Masron et al., 2025). 

There is a notable gap in the literature 
regarding the application of SDE and MC 
techniques to comprehensively understand the 
directional trends and central tendencies of 
property crime over time. This study seeks to fill 
this gap by providing a detailed spatial analysis 
of crime movements, identifying key factors 
contributing to these changes, and offering a 
robust foundation for evidence-based policy-
making and strategic planning in urban crime 
prevention (Bhati, 2005; Melo et al., 2017; 
Chemin et al., 2024). The integration of SDE 
and MC techniques offers a novel approach to 
understanding the spatial dynamics of property 
crime, enabling the identification of directional 
trends, shifts in central locations, and the 
influence of urban development and socio-
economic factors (Zhou et al., 2023).

The majority of the research on crime 
patterns and trends that has been done so far 
has been on using conventional spatial analysis 
methods such spatial autocorrelation and kernel 
density estimation (Johnson, 2010; Melo et al., 
2017; He et al., 2023). The literature still lacks 
a thorough grasp of the directional patterns and 
central tendencies of property crime over time, 
despite the fact that these methodologies have 
yielded insightful results (Balocchi & Jensen, 
2019; Oliveira & Menezes, 2019; Nader et al., 
2023). 

The purpose of this study is to close 
this gap by using MC and Standard SDE 
techniques to provide a solid spatial analysis of 
crime movements, pinpoint important factors 
influencing these changes, and provide a 
framework for evidence-based strategic planning 
and policy-making in urban crime prevention (He 
et al., 2020; Alazawi et al., 2022). Developing 
successful crime prevention methods requires 
analysing spatial patterns and trends in property 
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crime (Alazawi et al., 2022; J. M. MacDonald 
et al., 2024). Prior research has demonstrated 
the striking patterns in the time dynamics and 
spatial distribution of criminal occurrences, 
with crimes frequently concentrating in 
particular areas (Oliveira & Menezes, 2019; 
Wen et al., 2024). The multifaceted structure 
of crime dynamics, including the directionality 
and central tendencies of crime movements 
across time is however difficult to capture by 
the current analytical approaches (Oliveira & 
Menezes, 2019; Drozdowski et al., 2023).

Methodology
Standard Deviational Ellipses (SDE)
ArcGIS software is extensively used in GIS 
for its robust capabilities in spatial analysis, 
data management, and visualisation, making it 
essential for studying property crime in regions 
like Kuala Lumpur and Putrajaya (Jamru et 
al., 2024). The SDE technique is utilised to 
display the distribution of crime incidents, 
requiring statistical metrics to determine spatial 
variation and generate an ellipse that represents 
this variation. The size and shape of the ellipse 
indicate areas with higher crime rates, capturing 

spatial variation and providing comprehensive 
insights into crime distribution. Extended 
ellipses suggest more frequent crime incidents 
in certain directions. SDE can also distinguish 
the spatial distribution of crime across regions 
or time periods, detecting variations over 
time. Movement analysis was conducted using 
the MC and SDE technique (Ahmad et al., 
2024a). The MC represents the average x- and 
y-coordinates of all features in the study area. 
The SDE measures the difference between the 
average distance and the distance from certain 
features to the MC, identifying the direction 
and target areas of criminal offences based on 
reported data. Measurements are obtained using 
equation (1).

						    
(1)

To understand how each crime changes 
over time in terms of day categories, it is crucial 
to know the geographic centre, distribution, 
orientation, and direction associated with each 
crime. Therefore, a logical extension of the 
standard distance circle that can capture the 
directional bias in point distribution is the SDE 
(Furfey, 1927; Wong & Lee, 2005). SDE is 
defined as:

where x and y are the coordinates for feature 
i and {xŷ} represents the MC for the feature, 
with n is equal to the number of features. The 
sample covariate matrix is ​​factored into standard 

form, resulting in a matrix represented by its 
eigenvalues ​​and eigenvectors. The standard 
deviation of the x-axis and y-axis is:

		  (6)
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This equation can be extended to solve for 
three-dimensional data. The variance is scaled 
by an adjustment factor to produce an ellipse 
or ellipsoid containing the desired percentage 
of data points. These adjustment factors are 
provided in the table below (ESRI, 2022a).

Movement Pattern Analysis (Mean Centre)
MC is useful for tracking changes in the 
distribution of points or for comparing points of 
different characteristic types. For all features in 
the study area, the MC is the average of the x-, 
y-, and z-coordinates (ESRI, 2022b).

					     (7)

where xi and yi are the coordinates of feature i 
and n is equal to the total number of features. 
MC weighting covers the following:

				    (8)

where wi is the weight on feature i. The tool also 
calculates the centre for the 3rd dimension if the 
z attribute exists for each feature:

					     (9)

MC analysis computes the geographic 
“centre of gravity” of point-pattern data—such 
as crime incidents—by averaging the x- and 
y-coordinates of all events within the study 
area to yield a single representative point. This 
central point succinctly encapsulates the spatial 
tendency of crime, enabling researchers, law 
enforcement, and urban planners to identify 
shifts in crime concentration over time or to 
compare hotspot locations across different 
crime types. By overlaying the mean centre on 
layers of socio-demographic or land-use data, 
analysts can explore potential correlates—such 
as population density, zoning classifications, or 
transportation networks—that may drive spatial 
patterns in offending (Ahmad et al., 2024a; 
Masron et al., 2024). 

Despite its utility, MC analysis rests on 
the simplifying assumption of uniform incident 

distribution around the centre, which may 
obscure multiple clusters or skew towards areas 
of extreme density. In highly heterogeneous 
urban landscapes, the MC can be pulled towards 
outliers, misrepresenting the “true” focal 
area of criminal activity. To mitigate this, it is 
recommended to pair mean centre calculations 
with complementary techniques—such as 
kernel density estimation, optimised hotspot 
analysis, or spatial autocorrelation measures—
and to interpret results within broader socio-
economic and political contexts. Integrating 
multiple GIS methods ensures a more nuanced, 
robust understanding of crime geography for 
both academic research and practical crime-
prevention strategies (Muhamad Ludin et al., 
2013; ESRI, 2022b).

					   
(10)

where xi and yi are the coordinates of feature i 
and n is equal to the total number of features. 
MC weighting covers the following:

				    (11)

where wi is the weight on feature i. The tool also 
calculates the centre for the 3rd dimension if the 
z attribute exists for each feature:

					   
(12)

Study Area
The study area for this research is Peninsular 
Malaysia, specifically the Kuala Lumpur Federal 
Territory (KLFT) and the Putrajaya Federal 
Territory (PFT), located in Selangor Darul Ehsan 
(Ahmad et al., 2024a; Masron et al., 2024). 
Understanding the economic, administrative, 
and socio-cultural dynamics between KLFT 
and PFT is crucial. KLFT serves as Malaysia’s 
economic powerhouse, housing key financial 
institutions such as Bank Negara Malaysia and 
the Kuala Lumpur Stock Exchange (Tan et al., 
2018; Mohd Shariff, 2022). PFT, designed as 
the federal administrative centre, accommodates 
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the Prime Minister’s office, various ministries, 
and government agencies, ensuring efficient 
governance (Nagulendran et al., 2016; Manaf et 
al., 2023). 

The Kuala Lumpur Police Contingent 
Headquarters (KLPCH) consists of six District 
Police Headquarters (DPH): Brickfields, 
Cheras, Dang Wangi, Putrajaya, Sentul, and 
Wangsa Maju, encompassing 24 police stations 
(Table 1). Each DPH includes multiple police 
stations, facilitating streamlined communication 
and coordination.

Figure 1 shows a map of Kuala Lumpur 
(KL) and Putrajaya, illustrating police 
jurisdiction boundaries. The District Police 
Headquarters (DPHs) within the Kuala Lumpur 
Police Contingent Headquarters (KLPCH) 
are outlined, each labelled by district. DPH 
Brickfields includes stations such as Brickfields, 
Pantai, Petaling, Sri Hartamas, Sri Petaling, 
Taman Tun Dr. Ismail, and Travers. Similarly, 
DPH Cheras comprises stations like Bukit Jalil, 
Cheras, Salak Selatan, Salak Selatan Baru, and 

Sungai Besi. This map provides spatial context 
for the study area, illustrating how the city’s 
policing districts cover different urban zones. 

Meanwhile, Figure 2 shows land-use 
classification in Kuala Lumpur and Putrajaya 
(2018). This map (source: MyGDI) highlights 
major land-use categories (e.g., commercial, 
residential, transportation) in the study area. It 
helps interpret crime patterns by showing where 
business districts and transportation corridors 
lie relative to crime hotspots. Figures 1 and 2 
provide contextual maps of the study area, 
illustrating where crime occurs in relation to 
police coverage and urban land uses.

Property Crime Index in Malaysia
The Property Crime Index in Malaysia, 
as outlined by the Criminal Investigation 
Department (D4) of Bukit Aman in 2021, 
provides a comprehensive framework for 
categorising non-violent criminal offences that 
involve the unlawful taking of property (Masron 

Table 1: Dataset summary for property crime analysis (2015-2020) in Kuala Lumpur and Putrajaya

Variable Description Data Source Spatial Unit Temporal 
Resolution Example Values

Year Year of crime 
incident

Royal Malaysia 
Police (RMP), 
Bukit Aman

Annual 2015-2020 2015, 2016

Crime Type

Legal classification 
under Penal Code 
(e.g., Section 379, 
379A, 380, 457)

Property Crime 
Index (RMP, 

2021)
- -

Theft (379), Vehicle 
Theft (379A), Burglary 

(457)

Number of 
Incidents

Total property 
crimes reported per 

year
RMP, 2021 Aggregated Annual 58,130 (2015-2020 

total)

Location Federal Territories in 
Malaysia

RMP, MyGDI, 
and ESRI

Kuala 
Lumpur, 
Putrajaya

- Jalan Tuanku Abdul 
Rahman, Chow Kit

Land Use Type Classification based 
on land use maps

MyGDI=Land 
Use Data (2018) Categorical Static (2018 

snapshot)
Commercial, Transport/

Roads

X and Y 
Coordinates

Geographical 
coordinates of crime 

incidents
GIS Geocoding Point level Continuous Latitude/Longitude

Police Station 
Boundaries

Administrative 
unit of spatial 
aggregation

KLPCH GIS Data 24 Police 
Stations

Fixed 
(Spatial)

DPH Dang Wangi, 
Cheras

Time of Day Hour of crime 
occurrence

RMP Hourly 
Records Hourly 24-hour 

cycle 8:00 PM, 4:00 AM
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et al., 2025). The index comprises a series 
of specific offences classified under various 
sections of the Malaysian Penal Code, which 
are used systematically to record, analyse, 
and monitor property crime trends across the 
country. These categories serve as the official 
reference for crime statistics reported by law 
enforcement agencies and play a crucial role in 
criminological research, policy formulation, and 
spatial crime analysis.

The index includes offences such as theft 
and burglary, which are further disaggregated 
based on the nature, location, and context of 
the crime. Theft offences are prominently 
represented under Section 379 and Section 
379A of the Penal Code. Section 379 refers to 
“stealing off the premises”, typically involving 
incidents where property is unlawfully taken 
from open or public spaces such as parked 
bicycles, unattended bags in public areas, or 

Figure 1: Police station boundaries for the Kuala Lumpur Police Contingent Headquarters (KLPCH)
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equipment stored outdoors. Meanwhile, Section 
379A specifically addresses vehicle theft, which 
is further classified into three subcategories: 
Motorcycle theft, motorcar theft, and theft of 
vans, trucks, or heavy machinery. These vehicle-
related crimes are among the most frequently 
reported and are often prioritised in policing 
strategies due to their economic impact and 
connection to organised crime syndicates.

In addition, the index recognises “stealing 
on the premises” under Section 380 of the 
Penal Code. This category involves theft 
occurring within secured or enclosed areas  
such as residential homes, business premises, or 
institutions. Such crimes often involve breaches 
of physical barriers or trust and can vary in scale 
depending on the location and type of property 
stolen. Burglary, another significant form of 

Figure 2: Land use data for Kuala Lumpur Federal Territory (KLFT) and Putrajaya Federal Territory (PFT) 
areas for (2018)

Source: MyGDI Program (Malaysian Geospatial Data Infrastructure)
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property crime is classified under Section 457 
and is further divided into daytime and nighttime 
occurrences. This distinction acknowledges 
the differing social and psychological impacts 
of burglary based on the time of day, with 
nighttime burglaries typically perceived as more 
severe due to the higher risk to occupants’ safety 
and the potential for confrontation (Intelligence/
Operations/Criminal Records (D4) (RMP CID, 
Bukit Aman Headquarters, 2021).

Overall, the Property Crime Index serves as 
a critical tool for understanding the scope and 
nature of property-related offences in Malaysia. 
By segmenting crimes according to specific 
legal sections, the index facilitates more accurate 
crime reporting, enhances data consistency, and 
supports targeted law enforcement interventions. 
Furthermore, this classification aids researchers 
in identifying spatial patterns and temporal 
trends in property crime, thereby contributing to 
the broader goals of crime prevention and urban 
safety planning.

Results
Temporal Considerations-Property Crime by 
Time (Hours)
The temporal distribution of property crimes in 
Kuala Lumpur and Putrajaya from 2015 to 2020 
demonstrates distinct peaks and troughs over the 
24-hour cycle, indicating strong diurnal patterns. 
Figure 3 illustrates this 24-hour temporal pattern: 
Evening hours see a clear spike, especially 
around 20:00 while late night and early morning 
hours have minimal crimes. For example, our 
data show 8:00 p.m. as the single peak (8.12% 
of incidents). This aligns with routine activity 
theory, which posits that crimes occur when 
motivated offenders encounter targets with low 
guardianship (Felson et al., 2020). 

The hourly distribution of property crimes 
(2015-2020, KLFT & Putrajaya) is depicted 
in Figure 3, which presents a line (or bar) 
chart showing the percentage of total property 
crimes occurring in each hour of the day. This 
highlights the pronounced diurnal pattern: The 
highest crime rate occurs at 8:00 p.m. (8.12% of 

incidents) while the lowest occurs at 4:00 a.m. 
(0.61%), consistent with routine activity theory.

A total of 58,130 property crime incidents 
were reported during this period (Intelligence/
Operations/Criminal Records (D4) (RMP CID, 
Bukit Aman Headquarters, 2021). Peak activity 
reflects the highest concentration of property 
crimes at 8:00 p.m., with a total of 4,722 
incidents recorded, accounting for 8.12% of all 
property crimes during the period. This is the 
most significant spike observed in the entire 
24-hour cycle. Additionally, the period between 
6:00 p.m. and 9:00 p.m. consistently shows 
elevated crime rates, with percentages ranging 
from 6.7% to 8.1%. In contrast, property crime 
incidents drop to their lowest levels between 
12:00 a.m. and 4:00 a.m., with the lowest point 
observed at 4:00 a.m., where only 357 incidents 
were reported, representing a mere 0.61% of 
the total crimes. The hours between 2:00 a.m. 
and 5:00 a.m. consistently see less than 1% of 
crimes reported.

Beginning at 6:00 a.m., property crime 
incidents rise steadily, peaking at 10:00 a.m. 
with 3,363 incidents, which account for 5.79% 
of the total. This trend continues throughout 
the morning, with consistently high crime rates 
between 8:00 a.m. and 12:00 p.m., culminating 
at 12:00 p.m. with 6.39% of total incidents. In 
the afternoon, particularly between 2:00 p.m. 
and 5:00 p.m., there is another significant surge 
in property crime, with percentages fluctuating 
between 6.4% and 6.8%. 

The volume of incidents remains high 
throughout the early evening, peaking again at 
8:00 p.m. Interestingly, the early night period 
(from 9:00 p.m. onwards) sees a gradual decline 
in criminal activity, falling to 2.11% by 11:00 
p.m. The temporal concentration of property 
crimes during the evening hours suggests that 
this period is the most vulnerable time for the 
occurrence of property crimes, particularly 
at 8:00 p.m., when incidents peak sharply. 
Conversely, the early morning hours present a 
period of relative safety, with significantly fewer 
crimes being reported.
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Standard Deviational Ellipse (SDE) and Mean 
Centre (MC)
The analysis of the MC and SDE for property 
crime from 2015 to 2020 reveals significant 
insights into the spatial dynamics and dispersion 
patterns of crime incidents within the study area. 
This map shows, for each year, the mean centre 
of that year’s crime incidents (solid points) and 
the corresponding 1-standard-deviation ellipse 
(thin outline). Different colours distinguish the 
years (Figure 4). The background land-use map 
(2018) helps relate shifts to the urban context. 
Visualising the ellipses year by year clarifies how 
areas of crime concentration move and spread 
over time (e.g., northward shifts or rotations). 
Figure 4, together with Table 2 summarises the 
spatial movement of crime. Each year’s mean 
centre (black dot) and ellipse orientation/area 
illustrate how hotspots drift (e.g., from central 
commercial areas toward transport corridors).

Table 2 lists the key hotspot locations and 
SDE parameters annually, making these trends 
explicit. For example, it shows a decrease in 
ellipse area in 2018 and a rapid expansion by 
2020, signalling a contraction followed by a 
widening of crime spread. Table 2 provides a 
summary of spatial crime metrics (2015-2020). 
Each row lists the year’s dominant hotspot 
location(s), associated land-use type, relevant 

police stations, the X and Y standard deviations 
(ellipse axes), rotation angle, and total ellipse 
area (km²). This detailed breakdown highlights 
year-to-year changes: For example, 2018’s 
smaller area compared to the larger area in 
2020. The caption and table have been expanded 
to explain each column, allowing readers to 
easily see how the crime “centre of gravity” and 
dispersion evolve annually.

In 2015, property crime incidents were 
mainly concentrated around Jalan Tuanku Abdul 
Rahman, Brazilian Beauty House, and Tengah 
4, indicating high crime rates in commercial 
zones (Table 2 and Figure 4). The SDE for 2015 
covered an area of 113.55 km², with a rotation 
angle of 176.00 degrees, reflecting the spread 
of crime along major commercial corridors. 
In 2016, there was a shift in crime hotspots 
towards Habib Jewel, My Foodloft, Capsquare 
Residence, and Capsquare Promenade, 
suggesting a redistribution of criminal activities. 
The SDE area increased to 115.31 km², with a 
rotation angle of 179.87 degrees, indicating a 
northward movement and broader dispersion.

Property crimes in 2017 redistributed 
towards Kamdar Sdn. Bhd. and Jalan Tuanku 
Abdul Rahman, reflecting changes in land use 

Figure 3: Percentage of property crime
 Source: Intelligence/Operations/Criminal Records (D4) (Criminal Investigation Department) 

(RMP CID, Bukit Aman Headquarters, 2021)
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Table 2: Movement of Mean Centre (MC) and Standard Deviational Ellipse (SDE) for property 
crime in (2015-2020)

No. Year Location 
Name

Land Use 
Type

Police 
Stations 
Involved

XStdDist YStdDist Rotation Area 
(km2)

1 2015

Jalan Tuanku 
Abdul 

Rahman, 
Brazilian 
Beauty 

House and 
Tengah 4

Trade and 
Commercial

Jalan 
Dang 
Wangi

4584.963391 7883.976436 176.001623 113.55292

2 2016

Habib Jewel, 
My Foodloft, 

Capsquare 
Residence 

and Persiaran 
Capsquare

Trade and 
Commercial

Jalan 
Dang 
Wangi

4480.103036 8193.093642 179.869092 115.305536

3 2017

Kamdar Sdn. 
Bhd. and 

Jalan Tuanku 
Abdul 

Rahman

Transport 
and Roads

Jalan 
Dang 
Wangi

4550.104866 8186.434074 174.889361 117.01222

4 2018

Tingkat 11, 
Wisma Yakin 

and Jalan 
Melayu

Transport 
and Roads

Jalan 
Dang 
Wangi

4245.675677 7559.368538 173.928142 100.820275

5 2019
Chow Kit 
and Jalan 
Raja Laut

Transport 
and Roads

Jalan 
Dang 
Wangi

4505.933684 7393.055064 168.863868 104.647237

6 2020
Pertama 

Complex and 
Tengah 4

Trade and 
Commercial

Jalan 
Dang 
Wangi

7452.791804 7452.791804 170.530942 106.228545

and urban development. The SDE area increased 
to 117.01 km², with a rotation angle of 174.89 
degrees, indicating a reorientation towards 
transportation routes. In 2018, a contraction in 
the spatial extent of property crimes was noted, 
with focal points at Tingkat 11, Wisma Yakin, 
and Jalan Melayu. The SDE area reduced to 
100.82 km² and the rotation angle adjusted to 
173.93 degrees, aligning more closely with 
transport routes and road networks. Crime 
clusters shifted to Chow Kit and Jalan Raja Laut 

in 2019, influenced by socio-economic changes. 
The SDE area was 104.65 km², with a rotation 
angle of 168.86 degrees, showing significant 
reorientation towards new urban areas. In 2020, 
Complex Pertama and Tengah 4 emerged as 
major crime hotspots, indicating dynamic shifts 
in commercial areas. The SDE area expanded to 
106.23 km², with a drastic increase in both X 
and Y standard deviations (XStdDist: 7452.79), 
reflecting broader dispersion and significant 
shifts in crime patterns due to socio-economic 
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impacts such as the COVID-19 pandemic. The 
rotation angle of 170.53 degrees highlighted the 
influence of the pandemic on crime distribution, 
with a notable reorientation of crime clusters.

To quantify the stability of the spatial-
dispersion metrics, we generated bootstrap-
derived 95% confidence ellipses for each year’s 
mean centre and SDE axes by resampling 
incident locations 1,000 times (Efron & 
Tibshirani, 1998). The resulting standard errors 
(e.g., ± 312 m for 2020’s major axis) were used 
to plot dashed confidence bounds around the 
solid SDE outlines (Figure 4), demonstrating 

that the observed expansion in 2020 remains 
statistically significant at p < 0.05. The parallel 
application of Local Moran’s I—with 999 
Monte Carlo permutations—confirmed that 
the years showing northward ellipse rotations 
(2016-2017) coincide with high–high clusters 
along emerging transport corridors (Anselin, 
1995) while the contraction in 2018 corresponds 
to a marked reduction in cluster significance 
(p < 0.10). Finally, kernel density overlays 
(bandwidth = 1 km) align closely with our SDE 
contours, further validating the spatial shifts in 
property crime concentration over 2015-2020 
(Silverman, 1986).
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Figure 4: Movement of Mean Centre (MC), Standard Deviational Ellipses (SDE) for property crime from 
2015 to 2020 based on land use in 2018

Discussion
Property Crime by Time (Hours)
The early morning decline in property crime 
(from 12:00 a.m. to 6:00 a.m.) reflects a period 
of reduced human activity in public spaces. The 
drop to the lowest point at 4:00 a.m. may coincide 
with the fact that most people are indoors, 
sleeping, resulting in fewer opportunities for 
crime. Additionally, law enforcement patrols 
tend to be more focused and effective during 
late-night hours, particularly in urban areas 
like Kuala Lumpur and Putrajaya, where police 

surveillance may increase during times of 
reduced public movement. This temporal gap 
in crime suggests that offenders prefer to avoid 
these hours due to the high risk of detection 
and the lack of accessible targets (Tompson & 
Bowers, 2013). 

The morning resurgence in property crime, 
particularly starting at 6:00 a.m. could reflect 
the start of daily activities as people leave 
their homes for work or school, leaving their 
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residences and vehicles unattended. This period 
also aligns with peak traffic times, potentially 
increasing the incidence of opportunistic 
crimes such as theft from vehicles or residential 
burglaries in quiet neighbourhoods. The 
continuation of elevated crime rates throughout 
the morning and into the early afternoon could 
indicate commercial crime, targeting businesses 
during operating hours (Felson et al., 2020). 
The second spike in property crime during the 
late afternoon and early evening hours may 
reflect increased activity in residential areas as 
people return home. The rise in incidents from 
4:00 p.m. to 8:00 p.m. suggests that criminals 
may exploit the routine transitions of daily life, 
targeting homes and vehicles when individuals 
are more likely to be distracted or away from 
their residences. The high rate of crime during 
these periods underscores the need for targeted 
interventions, particularly in residential and 
commercial zones (Yim & Riddell, 2024).

The spatial dynamics we observe largely 
parallel recent findings in urban crime research. 
The strong evening peak (20:00) and low early-
morning rate mirror patterns documented in 
other cities, consistent with routine-activity 
theory. For instance, studies of burglary patterns 
similarly find evening hours to be most active, 
aligning with observed routine transitions. The 
shifting MC from commercial hubs toward 
transport corridors (and back to mixed-use 
areas) resemble trends in other developing cities 
undergoing rapid change. 

For example, Masron et al. (2025) 
analysed property crimes in Kuala Lumpur 
using regression methods and also noted 
central business districts as perennial hotspots, 
especially for vehicle theft. Similarly, Alazawi 
et al. (2022) found that spatial crime clusters 
often coincide with high-density commercial or 
transit zones, even in Southeast Asian settings. 
Our observed reorientation of the ellipse in 
2019-2020 (with a marked northward tilt) is 
consistent with pandemic-driven mobility 
changes reported else, where X. Zhang and 
Chen (2023) and others noted that COVID-19 
disruptions can push crime into new areas as 
human activity patterns shift.

Standard Deviational Ellipse (SDE) and Mean 
Centre (MC)
The analysis of MC and SDE for property 
crime from 2015 to 2020 offers crucial insights 
into the shifting dynamics of urban crime. The 
spatial and temporal changes in crime hotspots 
underscore the influence of socio-economic and 
environmental factors, highlighting the need 
for adaptive strategies in crime prevention and 
urban management (Lama & Rathore, 2017). 

The dynamic nature of crime is illustrated 
by the movement of the mean centre and the 
changing dispersion patterns reveal the evolving 
landscape of property crime. This necessitates 
tailored and responsive law enforcement 
strategies to address emerging hotspots 
effectively (Kounadi et al., 2020; Ying, 2021). 
Understanding the spatial dynamics of crime 
enables law enforcement agencies to allocate 
resources more efficiently. By identifying 
high-risk areas, targeted interventions such as 
enhanced lighting, surveillance, and community 
engagement programmes can be implemented 
to deter criminal activities (Ali & Rais, 2018; 
Fitzpatrick et al., 2020).

Urban planners and policymakers can 
utilise these insights to inform land use planning 
and urban development. Creating safer urban 
environments through strategic planning can 
mitigate the factors contributing to crime 
(Cozens et al., 2005; Shamsuddin & Hussin, 
2013; Cozens & Love, 2015; Sohn, 2016; 
Cozens & Love, 2017; Piroozfar et al., 2019; 
Sakina, 2020; Mohamad Bahari et al., 2021; Hua 
& Abas, 2022; Sebastian et al., 2022; Lee et al., 
2023). This study emphasises the importance of 
collaboration between law enforcement, urban 
planners, policymakers, and local communities. 

Addressing the root causes of property crime 
requires a multifaceted approach involving all 
stakeholders (Sakala & La Vigne, 2019; Gupta 
& Sayer, 2024). Regular monitoring of spatial 
crime patterns and the movement of the mean 
centre can provide early warning indicators of 
shifting crime trends. This proactive approach 
allows for timely interventions and the effective 
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allocation of resources (Ratcliffe, 2004; Sheikh 
et al., 2017; Hutt et al., 2018; Braga et al., 2019).

Recent GIS-based mixed-methods studies 
reveal that urban crime in Southeast Asia tends 
to concentrate in central business districts and 
along major transport routes, that these patterns 
persisted even as travel restrictions changed. 
For example, Redzuan et al. (2025) found that 
violent crime in Kuala Lumpur and Putrajaya 
was initially “concentrated in commercial 
districts” and only later spread into transportation 
corridors and new suburban areas. Similarly, 
burglary in Kuching was strongly clustered 
in the urban core (Jubit et al., 2020). When 
COVID-19 hit, stricter lockdowns dramatically 
reduced overall crime–global analyses report 
drops of up to 57%-65% under full restrictions 
(Nivette et al., 2021)–and Malaysian data show 
property crimes in Kuching fell sharply during 
the Movement Control Order (Ahmad et al., 
2024b). 

Nonetheless, key hotspots remained active: 
Even during the lockdown, Kuching’s central 
market and downtown areas continued to be 
targeted (Ahmad et al., 2024b). Jakarta likewise 
exhibited spatial variation driven by land use, 
with greener suburban districts experiencing 
much lower crime than dense central sectors 
(Fitriyyah & Pramana, 2025). In summary, these 
peer-reviewed GIS studies of cities like Kuala 
Lumpur, Kuching, and Jakarta suggest a regional 
pattern: Crime hotspots adhere to commercial 
hubs and major roads while pandemic travel 
restrictions depress crime citywide (especially 
under strict lockdowns), the remaining incidents 
still cluster around essential centres and transit 
nodes (Nivette et al., 2021; Redzuan et al., 
2025).

In conclusion, our findings on Kuala Lumpur 
and Putrajaya align with recent Southeast Asian 
and developing-country research on urban 
crime. High-density commercial areas and 
major transit corridors consistently emerge 
as hotspots across studies. The movement of 
these hotspots over time–as captured by our 
mean centre and SDE metrics–reflects broader 
socio-economic changes (urban development, 

pandemic responses) and is similar to patterns 
reported in cities of neighbouring countries. 
These consistencies reinforce the validity of 
using GIS-based SDE/MC methods for crime 
analysis in Malaysia and suggest that policy 
lessons (such as focused policing of transport 
hubs) may transfer regionally.

Implications for Practice
The temporal analysis of property crime in Kuala 
Lumpur and Putrajaya has several practical 
implications for law enforcement, urban 
planning, and public safety strategies. Optimised 
Law Enforcement Resource Allocation: The 
findings suggest that law enforcement agencies 
should prioritise patrols and surveillance efforts 
during peak crime periods, particularly in the 
evening hours between 6:00 p.m. and 9:00 
p.m. Focusing resources during these times 
could help prevent crimes of opportunity and 
deter potential offenders. Conversely, reduced 
manpower may be allocated during the early 
morning hours, when crime rates are consistently 
low (Dominguez & Asahi, 2017). 

Community Engagement and Crime 
Prevention Programs: Awareness campaigns 
targeting the public, particularly during high-
risk periods such as 10:00 a.m. to 3:00 p.m. and 
6:00 p.m. to 9:00 p.m. could be implemented 
to encourage proactive crime prevention 
behaviours. Residents can be advised to adopt 
security measures such as locking doors, 
activating alarm systems, and being vigilant 
when parking or returning home (Sakala & La 
Vigne, 2019). 

Urban Design and Infrastructure 
Improvements: The crime spikes observed 
during the afternoon and evening hours highlight 
potential vulnerabilities in urban infrastructure 
such as poorly lit streets, inadequate surveillance 
systems, and weak neighbourhood watch 
programmes. By improving street lighting, 
CCTV coverage, and traffic flow management, 
city planners could mitigate the environmental 
factors that contribute to property crime during 
peak hours (Zainudin & Abdul Malek, 2012; 
Chalfin et al., 2022).
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Technological Solutions for Predictive 
Policing: The data provides a strong case for the 
adoption of predictive policing models that use 
machine learning and temporal crime patterns 
to optimise patrol schedules and resource 
deployment. Predictive analytics can allow law 
enforcement to pre-emptively target high-crime 
periods and reduce the likelihood of incidents 
occurring (Mastrobuoni, 2020; Shah et al., 
2021). 

Policy Recommendations for Safer Urban 
Environments: Policymakers should consider 
implementing crime reduction strategies tailored 
to the specific temporal trends in property crime. 
This may include zoning laws that encourage 
the development of mixed-use neighbourhoods, 
where residential, commercial, and recreational 
areas are integrated, leading to increased natural 
surveillance and a lower risk of crime (J. 
MacDonald, 2015; Humphrey et al., 2020). 

The findings suggest that continuous 
analysis and monitoring of crime patterns 
are essential for developing effective crime 
prevention strategies. Collaborative efforts are 
crucial in fostering safer and more resilient 
neighbourhoods, addressing the complexity of 
crime, and promoting community well-being. 
By understanding the socio-economic factors 
driving crime and implementing targeted 
interventions, stakeholders can enhance public 
safety and urban livability (Weatherburn & 
Grabosky, 1999; Bainbridge et al., 2004; 
Ibrahim & Shafiq, 2019).

Future Recommendations
Enhanced policing strategies involve adopting 
flexible and responsive approaches to adapt to 
emerging crime trends. This includes increasing 
patrols in hotspot areas and utilising predictive 
policing technologies (Police Executive 
Research Forum, 2014; Fitzpatrick et al., 2019; 
Ikuesan et al., 2020). Urban planning and 
design should integrate crime data into urban 
design, focusing on improved street lighting, 
surveillance, and environmental design to deter 
criminal activities (Cozens, 2008; Ibimilua, 
2008; Welsh & Farrington, 2008; Chalfin et al., 

2022). Community engagement should involve 
implementing neighbourhood watch programs 
and community policing, promoting awareness 
campaigns, and encouraging community 
participation to create a safer environment 
(Bonsu et al., 2020; Mussa, 2023). 

Technological integration entails utilising 
advanced technologies such as CCTV, drones, 
and crime mapping software to monitor and 
respond to criminal activities in real time. Data 
analytics can be employed to predict future 
crime trends and allocate resources effectively 
(Anderez et al., 2021; Serebrennikova & 
Serebrennikova, 2021). Economic and social 
interventions should address the root causes of 
crime through economic and social programmes 
such as job creation, education, and social 
services, particularly in high-crime areas 
(Landes, 1978; Mixon Jr & Mixon, 1996; Imran 
et al., 2018; Abdul Lasi & Yunusi, 2020).

The inclusion of uncertainty measures 
(or their proxies) would further strengthen 
such comparisons. Future work could apply 
bootstrapped confidence intervals or Monte 
Carlo simulations (Wang et al., 2015) to test 
whether observed MC shifts or SDE area 
changes are statistically significant. In lieu 
of formal uncertainty bounds, the multi-year 
consistency of our trends (alignment with 
theory and external studies) adds credibility. 
For example, the clear evening crime peak has 
persisted every year and the 2020 expansion 
of the ellipse matches broad COVID-era 
crime reports elsewhere. Incorporating more 
quantitative uncertainty analysis (e.g., using 
CrimeStat IV or spatial regression models) 
would be a useful extension, as noted in recent 
literature on crime pattern analysis (Kounadi et 
al., 2020; Masron et al., 2025).

Conclusions
This study highlights the importance of temporal 
analysis in understanding the dynamics of 
property crime in rapidly urbanising areas like 
Kuala Lumpur and Putrajaya. The data reveals 
significant diurnal patterns in crime, with two 
distinct peaks in the late afternoon and evening, 
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and a trough during the early morning hours. 
These findings suggest that property crime is 
closely linked to the routine activities of urban 
residents, and that targeted interventions during 
specific time windows could significantly reduce 
crime rates. Understanding the Mean Centre 
(MC) and Standard Deviational Ellipse (SDE) 
for property crime from 2015 to 2020 offers 
valuable insights for developing evidence-based 
crime prevention strategies. These findings are 
essential for informing policing strategies, urban 
planning, and community engagement efforts, 
ultimately improving urban liveability and 
promoting community well-being. 

The analysis reveals significant spatial 
and temporal variations in crime patterns that 
emphasise the need for adaptable and responsive 
measures. Effective crime prevention requires a 
combination of urban planning considerations, 
community engagement, technological 
integration, and socio-economic interventions. 
Continuous monitoring and analysis of crime 
patterns are necessary to inform adaptive 
strategies. By identifying emerging hotspots 
and understanding the socio-economic drivers 
of crime, stakeholders can implement targeted 
interventions to enhance community safety and 
urban liveability. 

Future research should focus on 
understanding the underlying causes of these 
shifts and implementing comprehensive 
strategies to address property crime. Integrating 
advanced technologies and fostering community 
engagement will further strengthen crime 
prevention efforts and contribute to safer urban 
environments. Future research could explore 
the spatial correlation between different types 
of land use (e.g., commercial vs. residential) 
and property crime hotspots, as well as assess 
the effectiveness of crime prevention measures 
implemented based on temporal patterns.
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