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Abstract 
 

In the last decades, crime has become a major issue against local decision-makers 

in the Pekanbaru city region.  The incidence of criminality in a region depends not 

only on local socio-economic conditions, but also on the ones in nearby regions, 

due to significant population mobility. Understanding the relationship between 

crime and its surrounding environment can reveal possible strategies that can reduce 

crime in a neighborhood. Techniques account for such territorial correlations, such 

as use of spatial weights that capture the influence of each region upon its 

neighbors. Among the spatial methods, the geographically weighted regression 

(GWR) is a valuable instrument that allows estimating local coefficients, specific 

to each location, thus providing useful information for appropriate policy design at 

the regional level. In this context we employed a criminality GWR model in an 

attempt to find the local determinants, both economic and demographic, that explain 

the spatial distribution of criminal offenses in Pekanbaru city region. The results 

indicated that the incidence of this phenomenon in Pekanbaru is linked to factors 

largely acknowledged in the literature, such as poverty, unemployment, and 

population. Thirty novelty brought about by the GWR model compared to previous  
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research is that it also revealed important spatial variations in the impacts of the 

variables and indicated which region is more vulnerable to specific factors. From a 

modeling perspective the GWR model represents a better fit than the classic OLS 

model, in addition to capturing the spatial variation in coefficients’ estimation. 

 

Keywords: Crime, Geographically Weighted Regression Poverty, Population, 

Unemployment 

 

1 Introduction 
 

   In the last decades, crime has become a major issue against local decision makers 

in n most metropolitan areas around the world region. The study and analyse to 

understanding the context of crime the where and when of a criminal event is key 

to understanding how crime can be controlled and prevented [1]. The incidence of 

criminality in a region depends not only on local socio-economic conditions, but 

also on the ones in nearby regions, due to significant population mobility. 

Consequently, the purpose of the present research is to explore how the geographies 

of different crimes intersect with the geographies of social, economic, and 

demographic characteristics in urban places and to develop an understanding of the 

implications of specific contexts of crime and the spatial relationships between 

those contexts. The research presented here will further our understanding of the 

context of crime by testing the spatial relationships between crime and various 

neighborhood characteristics. As such, this research contributes to the 

environmental criminology literature, the goal of which is an understanding of the 

criminal event and, among other factors, “the legal, social, psychological, and 

physical backcloth against which crime occurs.” [2]. The focus, then is the 

environment in which crime occurs, referred to by various researchers as the 

backcloth, context, or situation [2-3]. Specifically, the focus of this research is on 

the context of criminal can be explained by different factors such as population, 

poverty and unemployment. Poverty has been associated with crime [4-6] poverty 

may encourage criminal acts and at the same time may weaken the interest of 

committing a crime due to the lack of worthwhile targets in a poor area [7]. The 

level of poverty can interact with population density to explain crime. For instance, 

Patterson found significant associations between population density and violent 

crime [8] and argues that increasing population density in more urbanized areas can 

originate weaker social interactions and lower informal social control. Despite 

divergent relationships between crime and population density, and between crime 

and poverty, it can be said that population inequality and fewer economic resources 

can be important factors that contribute to an increase in crime [9,10]. These 

relationships are connected with geography, where issues of spatial context and 

spatial autocorrelation are determinants for crime distribution. For instance, higher 

levels of socioeconomic disadvantages in surrounding areas could influence higher 

levels of crime in a focal neighborhood [10]. Additionally, cities, where poverty is 

spatially concentrated, could have higher levels of crime due to the amplified 

disadvantage that very poor areas can experience in relation to available resources  
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in surrounding neighborhoods [5]. Assessing the spatial patterns of crime is useful 

to recognize which areas are the most affected by illegal activities. There are several 

techniques of spatial analysis, including those that are based on spatial 

autocorrelation. A spatial autocorrelation refers to the correlation within a geo-

located variable across the space [11], and is useful for identifying if the spatial 

pattern displayed by a phenomenon such as crime is significant [12], With a spatial 

autocorrelation analysis is possible to identify the hotspots of a variable. Spatial 

technique that can be useful for crime analysis is the geographically weighted 

regression (GWR). A GWR procedure is an extension of a usual regression where 

the coefficients of the model are also functions of their locations [13]. The use of 

GWR in crime analyses has been shown to provide more accurate models of crime 

and to identify misspecifications of usual regression models [14,15]. Unlike the 

usual regression models which estimate global coefficients that apply equally to all 

regions, this method provides coefficient estimations that change from one region 

to another, according to spatially defined weights. Consequently, GWR lets the 

model to fluctuate territorially, capturing the real spatial patterns and reaching a 

better image of spatial variation of the phenomenon of interest, compared to 

traditional global. This Research focus to applied the GWR for analysis relationship 

the criminal rate with three variable independent, namely poverty, population and 

unemployment in Riau Province. 

 

 

2  Methodology 
 

2.1 Study Area 

 

Riau is a province of Indonesia. Geographically, Riau which has thousands of 

cities in Pekanbaru is located at position 02 ° 25 'LU-01 ° 15 ° LS and 100 ° 03'-

104 ° 00' BT. The area is quite extensive and is located in the central part 

of Sumatra. It is located on the central-eastern coast of Sumatra along the Strait of 

Malacca. The provincial capital and the largest city of Riau is Pekanbaru. The 

province shares land borders with North Sumatra to the northwest, West Sumatra to 

the west, and Jambi to the south. The total area for Riau province is 87,023.66 

square kilometers (33,600.02 sq mi), which stretches from the slopes of the Bukit 

Barisan to the strait of Malacca. The total population of Riau spread in 12 

regencies/cities as of June 2018 reached 5,921,987 people consisting of 3,053,043 

male inhabitants and 2,868,944 female inhabitants. Based on the population per 

regency/city, the largest population is in Pekanbaru City with 441,554 male 

population and 428,477 female. While the smallest number of population is in the 

Kepulauan Meranti Regency with as many as 106,269 people are male and 98,700 

are female. When viewed from the two regencies/cities which have the largest and 

smallest population in Riau Province, the comparison of many male population is 

more dominant than the female population. 

 

 

https://en.wikipedia.org/wiki/Provinces_of_Indonesia
https://en.wikipedia.org/wiki/Sumatra
https://en.wikipedia.org/wiki/Sumatra
https://en.wikipedia.org/wiki/Strait_of_Malacca
https://en.wikipedia.org/wiki/Strait_of_Malacca
https://en.wikipedia.org/wiki/Pekanbaru
https://en.wikipedia.org/wiki/North_Sumatra
https://en.wikipedia.org/wiki/West_Sumatra
https://en.wikipedia.org/wiki/Jambi
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Figure 1. Study Area Divided Into 12 Areas: Riau Province 

 

 

Riau province has a high crime rate and this has drawn attention from the public 

and scientists. Riau Province as one of the biggest contributors of funds to the 

Indonesian state, therefore the factors causing fluctuations in crime rates such as 

poverty rates, population and unemployment in 10 regency and 2 cities in Riau 

Province will be examined. Figure 1 shows the study area and the local 

neighborhood boundaries. The Riau Province was divided into 10 regencies and 2 

cities (Pekanbaru and Dumai) which is the unit of analysis of this study.  

 

2.2 Data and Geoprocessing 

 

Riau Province property crime data was obtained from the 10 regencies in 2 

cities , which provides free access to the province's  datasets (Province of Riau, 

2018). The rate for crime, poverty, population, and unemployment can be shown in 

figure 2, 3, 4, and 5 respectively. 

 
 

 
 

Figure 2. Rate of Crime Figure 3. Rate of Poverty 
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Figure 4. Rate of Population Figure 5. Rate of Unemployment 

                                              
             

2.3 Geography Weighted Regression (GWR) 

 

The basic form of GWR, Let us consider (𝑢𝑖, 𝑣𝑖) be a set of location coordinates 

i-th point over space. By utilizing location coordinates, GWR extends global simple 

regression framework as [16] 

𝑦𝑖 = 𝛽0(𝑢𝑖, 𝑣𝑖) + ∑ 𝑋𝑖𝑗𝛽𝑗

𝑝

𝑗=1

(𝑢𝑖, 𝑣𝑖) + 휀𝑖, 

where 𝛽𝑗(𝑢𝑖, 𝑣𝑖) is the location (𝑢𝑖, 𝑣𝑖)  at point i while 휀𝑖 is random error term with 

𝑁(0, 𝛿2𝐼). The GWR estimator of 𝛽𝑖 is given by 

 

�̂�𝑖 = (𝑋𝑇𝑊𝑖𝑋)−1𝑋𝑇𝑊𝑖𝑦, 

 

where 𝑊𝑖 is weighting matrix, given by 

 

𝑊𝑖 = [
𝑤𝑖1 ⋯ 0

⋮ ⋱ ⋮
0 ⋯ 𝑤𝑖𝑛

] 

and 𝑤𝑖𝑘 = [1 − (
𝑑𝑖𝑘

ℎ𝑖
)

2

]
2

 when 𝑑𝑖𝑘 ≤ ℎ𝑖 and otherwise is 0.  While 𝑑𝑖𝑘 is euclidean 

distance between data point k and regression point i and ℎ is bandwidth. 
 

3  Result 
 

Through the comparison of the maps in figures 2, 3, 4, and 5 it can be seen that 

the causes of crime rate fluctuations differ from one region to another. Pekanbaru 

as the capital of the province is known to be the place where the highest crime rates 

are shown in Figure 2, with the largest unemployment rate as shown in Figure 5. 

While the unemployment and population rates are not so large as shown in Figures 

3 and 4 respectively. Neighboring areas such as Kampar criminal rates are 

dominated by high levels of poverty as shown in Figure 2 and Figure 3 respectively, 

this reality is in contrast to the city of Pekanbaru. From these results it can be  

population

(1.09,1.27]

(0.902,1.09]

(0.718,0.902]

(0.534,0.718]

(0.349,0.534]

unemployment

(7.86,8.95]

(6.78,7.86]

(5.71,6.78]

(4.63,5.71]

(3.54,4.63]
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concluded that simple linear regression is not enough to show the relationship 

between the causes of crime rates with several factors used in this study. There is 

not enough simple regression model to explain the causes of crime in Riau 

Province. Models of the relationship between crime and several factors in this study 

need to be produced for 10 regencies and 2 cities in Riau province, so that the 

factors that influence crime rates can be known for each region in Riau Province. 

GWR models for all regions in Riau province have been produced as in table 1. The 

GWR model for 12 regions in Riau Province has the same conclusion about the 

negative effect of the population on crime rates, in other words that the increase in 

crime rates is affected by the decline in population, while increasing unemployment 

and poverty is known to increase crime rates. Furthermore, the significant level of 

poverty, unemployment and population variables in influencing crime should be 

tested statistically. Each coefficient generated in the model will be used to answer 

the significant level in influencing the model. Statistical t-test will be used for this 

purpose. In table 2, it can be seen that poverty and unemployment variables 

significantly influence the occurrence of crime in 12 regions of Riau Province, 

while most of the areas known to the population variable do not significantly 

influence the occurrence of crime. 

 
 

Table 1. GWR models for all region in Riau Province 

 

Regency or City in 

Riau Province 
GWR Models 

Kuantan Singingi y = -290.095 + 14.904 X1 + 153.844 X2 - 660.648 X3 

Indragiri Hulu y = -289.596 + 14.900 X1 + 153.824 X2 - 660.843 X3 

Indragiri Hilir y = -289.574 + 14.900 X1 + 153.821 X2 - 660.826 X3 

Pelalawan y = -498.896 + 16.842 X1 + 170.951 X2 - 667.611 X3 

Siak y = -498.928 + 16.841 X1 + 170.933 X2 - 667.337 X3 

Kampar y = -498.983 + 16.842 X1 + 170.942 X2 - 667.383 X3 

Rokan Hulu y = -498.962 + 16.842 X1 + 170.939 X2 - 667.404 X3 

Bengkalis y = -498.901 + 16.841 X1 + 170.929 X2 - 667.334 X3 

Rokan Hilir y = -498.915 + 16.841 X1 + 170.932 X2 - 667.372 X3 

Kepulauan Meranti y = -498.888 + 16.842 X1 + 170.946 X2 - 667.582 X3 

Pekanbaru y = -498.958 + 16.841 X1 + 170.938 X2 - 667.362 X3 

Dumai y = -498.894 + 16.841 X1 + 170.928 X2 - 667.340 X3 
y = Crime Rate, X1= Poverty, X2 = Unemployment,  and X3 = Population 
 

 

Regions in Riau Province such as Pekanbaru, Kampar, Bengkalis, Rokan Hulu 

and Rokan Hilir are known to have quite high crime rates, these areas are known as 

economic centers and areas that have a very high population. 
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Table 2. The Significant Variable in GWR Models 

Regency or City in Riau 

Province 
The Significant Variable 

Kuantan Singingi X1, X2 

Indragiri Hulu X1, X2 

Indragiri Hilir X1, X2 

Pelalawan X1, X2 

Siak X1, X2 

Kampar X1, X2, X3 

Rokan Hulu X1, X2, X3 

Bengkalis X1, X2, X3 

Rokan Hilir X1, X2, X3 

Kepulauan Meranti X1, X2 

Pekanbaru X1, X2, X3 

Dumai X1, X2 
X1= Poverty, X2 = Unemployment, X3 = Population 

 

4  Conclusion 
 

This study contributes to the Riau Province literature on crime prevention by 

investigating the influences of poverty, unemployment and population  in the 10 

regencies and 2 cities. The key findings of this study are that, the poverty and 

unemployment  its two main categories,  have significant relationships with rates 

of crime in all region in Riau Province. These notable findings provide supports for 

decision making in urban planning can reduce property crime in Riau Province, 

especially in its downtown core.  The findings from this study also suggests that the 

population is not significant factors in influence rates of crime. 
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