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SPATIO-TEMPORAL CLUSTERING OF DRUG ADDICTS

NOOR AISYAH RASHIF!, AIDA MELISSA MOHD SHUKRI?, WAN FAIROS WAN YAACOBS,
NIK NUR FATIN FATIHAH SAPRI4, AND MUHAMMAD AMIR ZAHIEN AMRAN®

ABSTRACT. This paper mapped spatio-temporal heterogeneity drug addicts’ ca-
ses in Malaysia within 9 years to understand the geographical area of states and
to cluster the hotspot areas of high-risk drug addicts. Spatial maps were used
to visualize the drug addicts hotspot areas in 16 states of Malaysia for 9 years
(2010-2018). Using Ward linkage hierarchical clustering, this study character-
ized the drug-addicts risk areas into several clusters. From the spatial map, the
most frequent hotspot areas of drug addiction in Malaysia were identified to be
Kedah, Pulau Pinang, Selangor, Kelantan, Johor and Perak. The result from hi-
erarchical clustering generated three drug-addicts risk clusters namely the high
risk drug addicted (HRDA) states which were Pulau Pinang, Selangor, Kedah,
Kelantan, Perak, Johor in cluster 1, the moderate risk drug addicted (MRDA)
states which were Terengganu, Pahang and Federal Territory of Kuala Lumpur
in cluster 2 and the low risk drug addicted (LRDA) states which were Negeri
Sembilan, Perlis, Melaka, Federal Territory of Putrajaya, Federal Territory of
Labuan, Sabah and Sarawak in cluster 3. These findings are beneficial for the
respective stakeholders to plan actions and intervention needed to be under-
taken to reduce the number of drug addicts focusing on the high-risk area of
drug addicts.

Lcorresponding author

2010 Mathematics Subject Classification. 62P25.
Key words and phrases. Drug addiction, Spatial map, hierarchical clustering, high-risk,

hotspot.
7353



7354  N.A. RASHIF, A.M.M. SHUKRI, W.F.W. YAACOB, N.N.F.F. SAPRI, AND M.A.Z. AMRAN
1. INTRODUCTION

Drug is a substance taken for both therapeutic purpose and abused substance
[1]. The problem of drug use and addiction is a global issue [2]. In many years,
statistics compiled for the number of drug addicts in Malaysia showed several
pattern. In Kelantan, Terengganu, Sabah and Federal Territory of Labuan, the
number of drug addicts recorded showed an increasing trend [3]. New Straits
Times also highlighted that 87 areas were denoted as areas with the highest risk
[4].

Drug addiction problems are also associated with various social and health
related problems [5]. Many awareness programs and rehabilitation on the dan-
gers of drugs had been implemented by government agencies or private parties,
but the same problem remains as it is difficult to combat [6]. Several studies
have been conducted to understand and interpret the drugs addiction patterns
and behaviour. Among the popular techniques used are Geographic information
system (GIS) technology [7] and spatial analysis. Besides that, researchers also
used the method of clustering. Toriman et al. [7] used clustering to identify
the hot spot area and to classify it into high drug addicted cluster in the state of
Terengganu, Malaysia. Thus, this study uses the Wards linkage hierarchical clus-
tering technique to characterize the drug-addicts risk area into several potential
clusters.

2. METHODS/MATERIALS

2.1. Data Description. This study used the secondary data source obtained
from National Anti-Drugs Agency (NADA). This study is a retrospective cohort
study that used the record of drug addiction covering all states in Malaysia for a
period of 9-year from 2010 to 2018. Table 1 presents the description of the data
used in this research.

TABLE 1. Sources of data

Data Period Measurement

Yearly number of drug ad- 9-year period (2010 — Number of drug addicts
dicts in Malaysia by state ~ 2018)
Longitude 16 states in Malaysia Degree, Minutes, Seconds

Latitude 16 states in Malaysia Degree, Minutes, Seconds
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2.2. Methods of Data Analysis.

2.2.1. Spatial and Temporal analysis. The spatial map was plotted for each state
with different colour tones using R software to display the hotspot area of drug
addiction in Malaysia. Temporal analysis was also used throughout the 9-year
period, which is a detailed timeline analysis that could relate towards the drug
addict pattern and potentially lead to other sources of evidence [8] across the
time.

2.2.2. Ward Hierarchical Linkage Clustering. In this study, Ward hierarchical
linkage agglomerative clustering was used to the normalized datasets by means
of the ward method. On the basis of single Euclidean measures similarity, the
object was classified, and the classification of the object was illustrated in a
dendrogram. The Ward’s method of distance determination is a hierarchical ag-
glomerative approach that treats each observation as a single cluster and pair
of clusters which emerge as one that moves up the hierarchical cluster of the
object into a bigger cluster. This algorithm was used in defining the compact
clusters and finding a partition with small sum of squares. In Ward Hierarchical
Clustering, this method measures the distance between A and B by how much
the sum of squared will increase when two points are merged:
A(A,B) = Y & —riausl[® = D |I7 = iall* = ) ||7 — s
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where m; is the center of cluster j, and 7, is the number of points in the cluster
j. Ais called the merging cost of combining the clusters A and B. Ward’s method

does not rely on a random starting guess, so its answer is unique [9].

3. RESULTS AND DISCUSSIONS

3.1. Descriptive Analysis.

3.1.1. Descriptive Analysis of Drug Addicts by States. The distribution on the
number of drug addicted person as according to each state is presented by the
boxplot in Fig. 1. The boxplot shows a significant difference in the distribution
of drug addicted person among the states in Malaysia. Pulau Pinang spotted the
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highest ranking in the average number of drug addicts compared to the other
14 states. It is then followed closely by Kedah and Perak. The Federal Territory
of Putrajaya had the lowest average number of drug addicts, since Putrajaya
recorded the lowest population among the 16 states.
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FIGURE 1. The Boxplot of the Number of Drug Addict by States

3.2. Spatial and Temporal Analysis.

3.2.1. Spatial mapping of Drug Addicts in Peninsular Malaysia. The maps demon-
strated the results of analysis to visualize the differences in the number of drug
addicts across Peninsular Malaysia and East of Malaysia, the island of Borneo.
Spatial distribution of drug addicts in Peninsular Malaysia by year is described
by a series of features in Fig. 2 of A) to I). The spatial distributions showed a
few shades of red. The darkest shades of red indicated that the area was in the
category of very high count of drug addicts whereas the brightest red indicated
very low count of drug addicts.

The spatial mapping showed significant changes throughout the 9 years. The
first map in Fig 2(A) is the mapping for 2010 which showed that 3 out of 13

states had the darkest shades of red.
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FIGURE 2. Spatial Mapping of Drug Addicts in Peninsular

Malaysia in A) 2010, B) 2011, C) 2012, D) 2013, E) 2014, F)
2015, G) 2016, H) 2017,1) 2018
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The darkest shades of red keep changing. The number of drug addicts in
Kedah was seen to change at first from dark shades (high) of red to the brightest
shades, then the colour changed again to the darkest shades (very high). Kedah
in 2018 still became one of the hotspot areas in Peninsular Malaysia. Other
than Kedah, the pattern in the number of drug addicts in Kelantan was also
seen to change from a high number of drug addicts to very high number of drug
addicts within the 9 years. Among the unique significant explanation for Kedah
and Kelantan is the geographical position of both states that are very close to
the border of Thailand. This could motivate drug trafficking activities such as
access to the source supply and distribution. Therefore, both states need to be
monitored more often.

3.2.2. Spatial mapping of Drug Addicts in East Malaysia. The spatial mapping of
drug addicts in East Malaysia is plotted in Fig. 3. East Malaysia comprises of
Sabah, Sarawak and Federal Territory of Labuan. The map show both Federal
Territory of Labuan and Sarawak indicated a very low state of drug addiction
risk. The distribution was constant for 9 years under study. However, for the
state of Sabah, the number of drug addicts showed an increasing pattern from
very low to low risk area of drug addicts.

3.2.3. Temporal Analysis of Drug Addicts. The distribution trend of drug addicts
for every state in Malaysia is shown in Fig. 4 (A-P). Selangor, Terengganu,
Kedah, and Pulau Pinang showed an increasing trend for 9 years while Negeri
Sembilan, Kelantan, Sabah, Sarawak, Perak, Melaka and Johor displayed in-
creasing and decreasing patterns from 2010 until 2016, but showed a sudden
slight increase in the years 2017 and 2018.

3.2.4. Clustering Analysis of Drug Addicts by States. The dendrogram obtained
from Wards Hierarchical Linkage clustering is displayed in Fig. 5. The first clus-
ter indicates the high risk of drug addict areas which were Pulau Pinang, Se-
langor, Kedah, Kelantan, Perak and Johor. The second cluster indicates medium
risk drug addict areas which were Terengganu, Pahang and Federal Territory of
Kuala Lumpur. Lastly East Malaysia of Sabah, Sarawak and Federal Territory of
Labuan, Negeri Sembilan, Perlis, Melaka and Federal Territory of Putrajaya were
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FIGURE 3. Spatial Mapping of Drug Addicts in East Malaysia for
A) 2010, B) 2011, C) 2012, D) 2013, E) 2014, F) 2015, G) 2016,
H) 2017, 1) 2018

in the third cluster of low risk drug addict areas. The list of cluster membership
by states that represent each cluster is described in Table 2.

4. CONCLUSION

This paper aims to cluster and identify the hotspot areas of drug addicts in
every state of Malaysia using spatial analysis within 9-year period of 2010 to
2018. The spatial maps obtained indicated that the distribution of drug addicts
in every state was contributed by their geographical area. For instance, the lo-
cation of the states such as Kedah and Kelantan which are near to the border of
Thailand enables an easier supply of drugs activities of supply and distribution
to occur which leads those state in the high risk areas. Selangor, Negeri Sem-
bilan, Terengganu, Perak, Johor, and Pulau Pinang that have industrial areas
also contributed inti high risk areas of drug addicts. Sabah and Sarawak, which
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FIGURE 4. Temporal distribution of drug addicts by states A) Se-
langor, B) Terengganu, C) Kedah, D) Pulau Pinang, E) Negeri Sem-
bilan, F) Kelantan, G) Sabah, H) Sarawak, I) Perak, J) Melaka,
K) Johor, L) Pahang, M) Federal Territory of Kuala Lumpur, N)
Federal Territory of Putrajaya, O) Perlis, P) Federal Territory of
Labuan.

are located in the West of Malaysia and far from Peninsular Malaysia, showed
a lower number of drug addicts. The maps also indicated that small area of
states such as Perlis, Melaka, Federal Territory of Putrajaya, Federal Territory of
Labuan contained a lower number of drug addicts.

This study also clusters the drug addict’s incidence according to state using
cluster analysis. Based on the results obtained, the finding came up with three
levels of cluster which were high risk drug addict area (HRDA), medium risk
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FIGURE 5. Hierarchical dendrogram for clustering drug addicts by

states
TABLE 2. Cluster Membership by State

Cluster 1 Cluster 2 Cluster 3
HRDA MRDA LRDA
Pulau Pinang Terengganu Negeri Sembilan
Selangor Pahang Sabah
Kedah Federal Territory of Perlis
Kelantan Kuala Lumpur Melaka
Perak Sarawak
Johor Federal Territory of

Putrajaya
Federal Territory of
Labuan

drug addict area (MRDA) and low risk drug addict area (LRDA) as shown in the
dendrogram plot. The HRDA cluster includes Pulau Pinang, Selangor, Kedah,

Kelantan, Perak and Johor, while the second cluster of MRDA consists of Tereng-
ganu, Federal Territory of Kuala Lumpur and Pahang and the rest of the states
are in the LRDA of cluster which recorded low number of drug addicts.
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