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Abstract 
The problem of drug addiction in Malaysia is worsening and causes harm to the well-being of the population of Malaysia. A report published in 2018 states that 133,684 or 0.4% of the Malaysian population are drug addicts. Furthermore, 56% of all inmates in the federal prison are locked-up because of drug-related offences. This study aim is to identify the hotspots for drug addicts in Selangor, Malaysia. This study uses three geostatistical techniques, kernel density estimation (KDE), Getis-Ord Gi*, and IDW to map the hotspots for drug addicts. The National Anti-Drug Agency (NADA) provides the data for this study which consists of 2997 cases of drug addict under supervision (DAUS) in 2016. The data are analysed using ArcGIS Pro 2.4 software. The individual DUAS represents a point vector data format with WGS 1984 Web Mercator projection. Hotspot analysis is performed using kernel density estimation (KDE), Getis-Ord Gi* and IDW.  The results show eight statistically significant hotspots for drug addicts in the sub-districts (99% confidence level and p-value < 0.001). The locations with significant hotspots for drug addicts are Bandar Serendah, Pandamaran, Bandar Klang, Bandar Kajang, Dengkil, Bandar Ampang, Bandar Damansara, and Semenyih sub-districts. This study provides spatial information that helps law enforcement agencies identify drug hotspot areas and use this information to create and enhance a defensible safe neighbourhood.  The outcome of this study facilitates law enforcement through better strategic planning for reducing drug addict hotspot areas.
Keywords: drug addicts, drug hotspots and mapping, geographical information system (GIS), Getis-ord Gi*, inverse distance weighted (IDW), kernel density estimation analysis (KDE) 
Introduction
In Malaysia, drug addiction results in negative social indicators that impact the well-being of families, communities, and the nation. One report states that 133,684 or 0.4% of the Malaysian population are drug addicts (Berita Harian, 2018). Furthermore, 73.4% of the drug addicts are youth between the age of 19 to 39 years old, and 80.6% of them are Malays. The states with the highest number of drug addicts based on the ratio of the total population are Pahang, Kelantan, Terengganu, and Perlis. 
This study investigates the early identification of high-risk locations for drug activity hotspots. Hotspot generally refers to an area with a concentration of an event and is frequently used in Geographical Information System (GIS). Chainey and Ratcliffe (2005) define hotspot as a geographical area with higher than average concentration, or a cluster, of an event. The hotspot in this study is an area with prevalent drug activities and often contains a large number of drug activities. Knowing the locations of drug hotspot is the first step in determining why these locations are afflicted with a persistent problem. Analysis and mapping of drug addict hotspots will give a geographical pattern for drug hotspots in a particular area. According to Jefferis (1999), point mapping is the most suitable method for depicting geographic patterns. Hotspot mapping is a common practice in the police force across the globe (Kalinic & Krisp, 2018; Leigh et al., 2016; Gill et al., 2015; Chainey, 2013; Gorr & Kurland, 2012; United Nation, 2018). 
The history of drug addiction in Malaysia goes back to the early 19th century. The Chinese labourers brought with them the habit of sucking opium, the Indian labourers brought with them marijuana, and the Malays used cannabis as a cure for fatigue (Malaysia, Anti- Narcotics Task Force, 1992). The National Anti-Drug Agency (NADA) identifies 178 locations as high-risk areas for drug use (Bernama, 2019). In 2018, the Director-General of NADA stated that there are 87 locations in Malaysia with a very high risk of drug addiction where over 70% of all drug cases occurred in these areas. Eighty-six zones are high-risk areas with between 0.5% to 30% drug cases, and five zones are moderately high-risk zone with less than 0.5% drug cases. NADA targeted for 33 of the 178 high-risk areas to be drug-free zones by the end of 2019 (Bernama, 2019). The identified high-risk areas are federal housing projects (PPRs), fishing villages, and the Federal Land Development Authority (FELDA) settlements. The National Anti-Drug Agency (2017) reported that the states with the highest number of drug addicts are Pulau Pinang, Kelantan, Selangor, and Johor. The most common reason for drug abuse is peer influence.
According to the Malaysian Prison Department, 56% of all prisoners are jailed because of drug-related offences. Furthermore, 1,252 schoolchildren, especially secondary school children between 16 and 17 years old, take drugs (Utusan Malaysia, 2017). Methamphetamines, particularly syabu and pil kuda, are the most frequently used drugs (61.9%) (Astro Awani, 2019). These data indicate that drug addiction is a serious problem in Malaysia, and further investigation is necessary to identify the hotspot areas for drug addiction.
Chan & Nor Aizam (2018) use geospatial analysis to identify the hotspot areas for drugs in Malaysia, and the result shows that among the hotspots for drug use are Klang, Damansara, Ampang Jaya, Kota Setar, Jitra and Georgetown. Investigation of hotspots for drug addicts using a GIS approach is still on-going. The present study performs an in-depth GIS analysis of hotspot areas for drug addiction using multi geospatial analysis tools. According to Fazillah et al. (2017), only a small number of studies combine GIS analysis with multivariate analysis method to investigate substance abuse.
A drug is any chemical substance that affects the normal functioning of the body and brain (United Nations, 2007). A drug also refers to a substance which, when taken into the body, alter the body's function physically or psychologically. There are different kinds of drugs, for example, cannabis, cocaine, ecstasy, heroin, and many others. According to the Drug Dependants (Treatment and Rehabilitation) Act 1983 (Act 283), a drug addict is a person who uses any dangerous drug to experience a mental and, sometimes, physical state.
Kernel density estimation (KDE) is the most popular hotspot mapping technique and is often used by GIS analysts to analyse and display geographic concentrations of point events (Kalinic & Krisp, 2018; Boba, 2016; Chainey, 2013; Gorr & Kurland, 2012; Chainey & Ratcliffe, 2005). Kernel estimation estimates how the density of an event changes spatially depending on a given point pattern. It creates a continuous surface of density values which, at a given location, reflects the concentration of points in the area surrounding that location. One of the main advantages of kernel estimation is that it can quickly turn an intricate concentration pattern of points into a smooth and easily understandable image.
The most recent method for producing a hotspot map is by using a GIS tool which calculates the Getis-Ord Gi* statistics (pronounced G-i-star) for each feature in the dataset. The results of this analysis are the p-value and z-score for each feature, where statistically significant hotspots typically have a high p-value and z-score. ESRI (2019) defines statistically significant hotspots as those with a high value surrounded by other parameters with equally high value. Inverse distance weighted (IDW) interpolation determines the cell values by using a linearly weighted combination of a set of sample points and is frequently used in GIS-related hotspot mapping. Therefore, this study aims to map the hotspots for drug addicts in Selangor through several geostatistical analyses. The present study uses three techniques to produce hotspot maps for drug addicts, kernel density estimation (KDE), Gi* statistics, and inverse distance weighted (IDW).
Method and study area
The study area is the state of Selangor, which is known as one of the hotspots for drug addicts in Malaysia. According to NADA, Selangor has the highest number of drug addicts, and there are 15 areas in Selangor with high drug risk. The primary objective of this study is to determine whether the geospatial techniques will identify the 15 locations as hotspot areas in Selangor. Three spatial analysis tools, Kernel Density Estimation (KDE), Getis-Ord Gi*, and Inverse Distance Weighted (IDW), are used to generate the map for hotspots for drug addicts. 
This study uses the data for individual drug addict under supervision (DAUS) for 2016 and 2017 provided by the National Anti-Drug Agency (NADA). Figure 1 shows all the individual point data for the location of the drug addicts in the 227 sub-districts (mukim) in Selangor. The data is processed using the ArcGIS Pro 2.4 software with WGS 1984 Web Mercator projection. NADA recorded 2997 DAUS cases in 2016 and 832 cases in 2017 (Figure 2). Petaling district has the highest number of drug addicts followed by Hulu Langat (Ampang) and Klang.
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Figure 1. Map of the study area
[image: image3.jpg]350

188u1L teBuns
Yepuaias

yerasad

weusag nin
esesuewieq
Suedas

neg

QoW

nqel

Bueuejay

Jepueg

Bueueidg

Sueseo ewBued yoppL
eanr

sejog enq Bunfuel

ll.u_..L

Buefey
Suepy
Bujered
sesad

Llul

BYear2016 M Year 2017

efey 3ping
yoing teBuns
JeBuey niny
wesar
Suey ninK
oll
(de-dy
yedejos

mea
JoBuefas ejeny
Suemey
ueBueseq
Buerewsaq Bunfn
e3un(iog Sueieq
we ninH

e Bueeq
esey
18uLL nink
anppL uning
Sueiey Bunfues
Yewpaq Bueduy
Buefued Jised
Jnun (eBuns
Suedwney efeny
Suedunje
Supiey
euapuag Bueyoueq
euapuag jeBuns
10O epoUEN ueHed
eqes

-

300
250
200
150
100
0
o




Figure 2. Number of drug addicts by district for 2016 and 2017
Kernel Density Estimation (KDE) mapping technique
Kernel density estimation (KDE) analysis is used to understand the identification of hotspot for drug addicts. This study adopts the methodology that underlies the crime pattern theory proposed by Brantingham & Brantingham (1984) and the KDE technique introduced by Chainey et al. (2002) and Eck et al. (2005).
Figure 3 shows the four stages in the process for creating hotspot maps as proposed by Chainey et al. (2002) and Eck et al. (2005). The four stages are geocoding of the incident points, creating the grid, defining the bandwidth, and assigning values to the squares. Most GIS software, including ArcGIS, MapInfo, QGIS and CrimeStat, provides quartic kernel density estimation that requires two critical parameters, namely the grid cell and bandwidth.  Bandwidth is the lead parameter which determines the density or volume of point pattern distribution that produces a smooth continuous surface to represent the hotspots throughout the study area.
The first stage is the process of geocoding the location of each DAUS, which is the x,y coordinate in the GIS environment before performing the hotspot analysis. In the processing stage, a grid is laid over the area of the drug addict points. The grid size is known as the output of grid size. In this study, the grid size is in metre. The 447-metre output cell size is selected due to its suitability for the size of the study area. A cell with 447 output grid size represents a 447m x 447m square on the ground. The selected grid size will determine the resolution of the map and the processing time. A cell with a large grid size produces a very blocky map. Although a small grid will generate a map with a very high resolution, the processing time will also increase significantly. Furthermore, a 477-meter raster size is selected because this distance covers the average neighbourhood proposed by PLANMalaysia (2010). Both grids are technically correct but will produce a map with different resolutions.
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Figure 3. Process of kernel density estimation (KDE) technique
The third stage is defining the value of bandwidth, which is essential for search radius or distance. The process looks at each grid cell and counts the crimes that occur in this bandwidth distance. The search radius is 1900 meters. The unit area is in square kilometre. The points closer to the centre of the cell are more influential than the points further away. The accumulated value gives the density value for the grid cell. Finally, each grid square is processed and assigned a related value for the number of points in or near the grid. The assignment of density values to each cell produces a continuous surface density map, which is the density or hotspots map. 
The calculation of kernel density for the points uses a quartic kernel (Silverman, 1986) by using formula (1) in the ArcGIS kernel density tool (ESRI, 2019).
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where
i = 1…, n are the input points. The points are included in the sum only if they are within the radius distance of the (x, y) location.
popi is the population field value of point I, which is an optional parameter.
disti is the distance between point i and the (x, y) location.
The calculated density is multiplied by the number of points. The calculated density is in a raster format and is used to replace the centre value of every cell. Figure 4 shows the workflow process for the KDE analysis in this study, which is the standard workflow for KDE tool analysis using model builder ArcGIS Pro 2.4 software.
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Figure 4. The workflow for kernel density estimation (KDE) technique
Getis-Ord Gi* and IDW hotspot mapping techniques
Figure 5 shows the workflow for Getis-Ord Gi* and IDW analysis. The workflow for analysis with Getis-Ord Gi* and IDW tools is for producing a hotspot map using a model builder tool in ArcGIS Pro 2.4 software involves seven steps.
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Figure 5. Workflow for Getis-Ord Gi* and IDW techniques for producing drug addict hotspot map
Results and discussion 
Drug addict distribution area by sub-district 
The distribution of drug addicts is by the total number of DAUS within the boundaries of the 227 sub-districts. Figure 6 shows the five classifications (Class 1 to Class 5) of drug addict distribution based on Natural Breaks (Jenks). Class 1 has 0-2 drug addicts, Class 2 has 4-10 drug addicts, Class 3 has 10-20 drug addicts, Class 4 has 20-30 drug addicts, and Class 5 has 30-70 drug addicts. Two of the 227 sub-districts, Bandar Ampang and Klang, have a very high number of DAUS (between 33 and 71).  Bandar Petaling Jaya, Kapar, Dengkil and Bandar Kajang are in Class 4 and have between 20 to 32 drug addicts. Nine sub-districts are in Class 3, namely, Ulu Kelang, Shah Alam, Bandar Serendah, Bandar Damansara, Tanjung Karang, Bandar Sunway, Pandamaran, Cheras and North Petaling.  These areas have between 10 and 19 DAUS. The remaining sub-districts are in Class 1 or Class 2. 
The areas with the smallest number of drug addicts are Pekan Jenjarom, Sg. Manggis and Morib. The result of the analysis shows that the areas with the highest number of drug addicts are in the Klang Valley, which is the most developed urban area. The locations with a very small or small number of drug addicts are rural and intra-urban areas with moderate urbanisation. Bandar Ampang, Klang, Bandar Petaling Jaya, Kapar, Dengkil, and Bandar Kajang are areas with a high or very high number of drug addicts. These sub-districts are rapidly urbanising areas and have the highest population in the Klang Valley, indicating that drug addicts are often from urban areas. 
According to the National Anti-Drug Agency (2017), 15 areas in Selangor are high-risk drug crime areas. Table 1 shows a comparison of the findings by the National Anti-Drug Agency with the result of this study. The result from geospatial classification indicates that there are only six hotspot drug areas. Interestingly, Kapar and Dengkil are not included as hotspots area by NADA.
Table 1. Comparison of hotspots for drug addicts identified by NADA and Geospatial methods (Natural Breaks (Jenks)
	Number 
	National Anti-Drug Agency (NADA)
	Number
	Geospatial analysis

	1
	Petaling Jaya
	9
	Sungai Besar
	1
	Bandar Ampang

	2
	Serdang
	10
	Kajang
	2
	Klang and Pandamaran

	3
	Bandar Ampang
	11
	Semenyih
	3
	Bandar Petaling Jaya

	4
	Hulu Kelang
	12
	Batu 9 Cheras
	4
	Kapar

	5
	Pandan Indah
	13
	Bangi
	5
	Dengkil

	6
	Bandar Gombak
	14
	Pandamaran
	6
	Bandar Kajang

	7
	Selayang
	15
	Bandar Klang
	
	

	8
	Rawang
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Figure 6. Drug addicts distribution areas by sub-district
Hotspot for drug addict using Kernel Density Estimation (KDE)
The hotspot maps depict the data surface in this study. The search radius bandwidth is 1900 metres with a 477-meter grid cell size. Figure 7 shows that as the search radius increases to 1900 meters, the hotspot becomes more generalised. The kernel density function is ideal for identifying areas with a large number of drug addicts and forgiving a broad idea of the pattern of drug addiction based on the raster format.  
The 477-meter raster size is selected because this distance covers the average of a standard neighbourhood and because the raster size shows variation at the regional level as described by PLANMalaysia (2010). The 1900-metre bandwidth is the expected mean distance when using the Average Nearest Neighbour (ANN) tool to determine whether the drug addict distribution point is a cluster, random, or dispersed. 
The result of KDE analysis shows that there are three areas with a high number of drug addicts, namely Petaling Jaya, Klang-Pandamaran and Bandar Ampang. These areas have the highest concentration of drug addicts or are hotspots areas (Figure 6). Bandar Klang, Bandar Ulu Kelang, Bandar Selayang, Pekan Puchong, and Bandar Damansara have a modest number of drug addicts based on the raster format. The remaining areas are cold spots.
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Figure 7. Hotspots for drug addicts identified by Kernel Density Estimation (KDE)
Table 2 shows a comparison of the hotspots for drug addicts identified by the National Anti-Drug Agency (2017) with the hotspots identified using classification with Kernel Density Estimation (KDE). The result of the KDE analysis shows that there are only three hotspots for addicts. Interestingly, all hotspot areas identified by NADA are in high-density areas such as the city centres or towns identified in the KDE analysis.
Table 2. A comparison of the hotspots for drug addicts identified by NADA and Kernel Density Estimation (KDE) method
	Number 
	National Anti-Drug Agency (NADA)
	Number
	Kernel Density Estimation (KDE)

	1
	Petaling Jaya
	
	
	1
	Bandar Ampang

	2
	Serdang
	
	
	2
	Bandar Petaling Jaya

	3
	Bandar Ampang
	
	
	3
	Klang and Pandamaran

	4
	Hulu Kelang
	
	
	
	

	5
	Pandan Indah
	
	
	
	

	6
	Bandar Gombak
	
	
	
	

	7
	Selayang
	
	
	
	

	8
	Rawang
	
	
	
	

	9
	Sungai Besar
	
	
	
	

	10
	Kajang
	
	
	
	

	11
	Semenyih
	
	
	
	

	12
	Batu 9 Cheras
	
	
	
	

	13
	Bangi
	
	
	
	

	14
	Pandamaran
	
	
	
	

	15
	Bandar Klang
	
	
	
	


Hotspot for drug addicts using Getis-Ord Gi* and IDW (Hot Spot analysis)
The Getis-Ord Gi* and IDW methods are used to determine the hotspots for drug addicts based on the sub-district boundary for the statistically significant hotspot. Figure 8 shows that several cities are statistically significant hotspots (99% confidence with p-value < 0.001). Eight areas, namely Bandar Serendah, Klang-Pandamaran, Bandar Klang, Bandar Kajang, Dengkil, Bandar Ampang, Bandar Damansara, and Semenyih, are the hotspots for a large number of drug addicts. Bandar Serendah is a large area surrounded by the FELDA settlement and is the most significant hotspot, followed by Pandamaran which is surrounded by the People's Housing Program. Table 3 shows that the macro study area is a statistically significant hotspot for drug addicts. 
Table 3. A comparison of the hotspot for drug addicts identified by NADA and the Getis-Ord Gi* and IDW methods
	Number 
	National Anti-Drug Agency (NADA)
	Number
	Getis-Ord Gi* and IDW

	1
	Petaling Jaya
	
	
	1
	Bandar Serendah

	2
	Serdang
	
	
	2
	Klang and Pandamaran

	3
	Bandar Ampang
	
	
	3
	Bandar Klang

	4
	Hulu Kelang
	
	
	4
	Bandar Kajang

	5
	Pandan Indah
	
	
	5
	Dengkil

	6
	Bandar Gombak
	
	
	6
	Bandar Ampang

	7
	Selayang
	
	
	7
	Bandar Damansara

	8
	Rawang
	
	
	8
	Semenyih

	9
	Sungai Besar
	
	
	
	

	10
	Kajang
	
	
	
	

	11
	Semenyih
	
	
	
	

	12
	Batu 9 Cheras
	
	
	
	

	13
	Bangi
	
	
	
	

	14
	Pandamaran
	
	
	
	

	15
	Bandar Klang
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Figure 8. Hotspots for drug addicts identified using Getis-Ord Gi* and IDW (Hot Spot analysis)
Table 4 shows a comparison of the hotspot areas identified using three different methods (Natural Breaks (Jenks), KDE, and Getis-Ord Gi*). When using the GIS approach, the results for analysis with Getis-Ord Gi * and IDW tools show a higher number of hotspots areas. The Getis-Ord Gi * and IDW tools identify eight statistically significant hotspot areas (99% confidence level with p-value <0.001). 
Table 4. A comparison of hotspots for drug addicts identified by KDE and Getis-Ord Gi* and IDW methods
	Ranking 
	Natural Breaks (Jenks) 
	Ranking 
	Kernel Density Estimation (KDE) 
	Ranking 
	Getis-Ord Gi* & IDW 

	1
	Bandar Ampang
	1
	Bandar Ampang
	1
	Bandar Serendah

	2
	Klang and Pandamaran
	2
	Petaling Jaya
	2
	Klang and Pandamaran

	3
	Bandar Petaling Jaya
	3
	Klang and Pandamaran
	3
	Bandar Klang

	4
	Kapar
	
	
	4
	Bandar Kajang

	5
	Dengkil
	
	
	5
	Dengkil

	6
	Bandar Kajang
	
	
	6
	Bandar Ampang

	
	
	
	
	7
	Bandar Damansara

	
	
	
	
	8
	Semenyih


Conclusion 
The three geospatial analysis tools identify different hotspot areas. The results show that only six city areas, namely Bandar Ampang, Klang-Pandamaran, Bandar Petaling Jaya, Kapar, Dengkil, and Bandar Kajang have a high number of drug addicts in the Natural Breaks (Jenks) classification. The result for KDE analysis shows that the search radius is a critical parameter, where a bigger search radius produces a more generalised hotspot. The KDF method identifies three areas, namely the sub-district of Petaling Jaya, Klang-Pandamaran, and Bandar Ampang. On the contrary, the results of Getis-Ord Gi* and IDW identify eight cities as having a high number of hotspots for drug addicts, namely Bandar Serendah, Klang-Pandamaran, Bandar Klang, Bandar Kajang, Dengkil, Bandar Ampang, Bandar Damansara and Semenyih. These hotspot methods are popular and reliable tools in many point data hotspots analysis. Most of the hotspots areas are close to the FELDA settlement and People's Housing Program. The analyses with Getis-Ord Gi * and IDW tools produce the highest number of statistically significant hotspot areas for drug addicts (18 hotspot areas) in comparison to the 15 hotspot areas listed by NADA (99% confidence with p-value <0.001).
The Malaysia National Anti-Drug Agency (NADA) has identified 15 city areas as a high-risk area for drug addicts in Selangor. However, this study identifies only eight hotspots for drug addicts. This research has shown that GIS spatial analysis can identify drug addicts in the hotspot for drug addicts in areas with low-density and high-density population. GIS is a reliable spatial method which can help policymakers implement better countermeasures to reduce the number of new drug addicts or relapse drug addiction.
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