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Indonesia is located at the confluence of 3 large, active plates that are
constantly moving. Therefore, Indonesia is one of the countries that has a
high level of seismicity risk. This study aims to classify seismicity data in the
Indonesian region based on coordinate data which contains variable data on
frequency of occurrence, depth, and strength of seismicity. Seismicity data
was obtained from the BMKG official website using data for the period 2018
to 2020. The clustering technique used was the DBSCAN algorithm. This
algorithm requires epsilon and MinPts input parameters. The results of the
cluster formed will then be validated using silhouette coefficients. Based on
the coordinate data, 4 clusters were formed with 4 disturbances. Based on
the characteristic data, 3 clusters were formed with 5 disturbances. The
silhouette coefficient obtained was 0.35 for coordinate data and 0.39 for
characteristic data. This research is useful for increasing the use value of
abundant seismicity information and can be used as an effort to mitigate
seismicity natural disasters.

1. Introduction

Seismicity modeling has been done by many
researchers. However, seismicity modeling is still a
major and open challenge in geoscience. One of the
well-known techniques used is the clustering
technique [1].

The application of the clustering technique was
carried out by [2] to find 3 phases of the eruption
process based on seismicity clusters in volcanic
areas. Another study conducted by [1] to determine
clusters with irregular shapes in seismic areas. This
technique is able to identify the fault section of the
repeated seismicity events carried out by [3]. As well
as being able to identify non-linear site responses
carried out in [4].

According to [5], Indonesia's territory is located
between the confluence of 3 large active plates,
namely the Indo-Australian plate, the Pacific Ocean
and the Eurasian plate, resulting in Indonesia having
a fairly high level of seismicity even in the world.

The application of the clustering technique was
also carried out by researchers using seismicity data
in the Indonesian region. The study was conducted
using data over a certain period of time. The study
was conducted using seismicity data until 2017.
There are 2019 seismicity data used but only for a
few months [6-11]. Therefore, this study will use a
continuation period, namely 2018 to 2020.

The algorithm that will be applied in this research
is the DBSCAN (Density Based Spatial Clustering of
Application with Noise) algorithm. This algorithm
was chosen because based on previous research,
DBSCAN is more effective than the CLARANS
algorithm [12]. According to [6] its ability is also
different from other algorithms such as K-Means and
K-Medoids. The DBSCAN algorithm can be used to
detect outliers or noise and there is no need to
determine the number of clusters at the beginning.
Research conducted by [8] states that this algorithm
is better at determining parameters than the
DMDBSCAN (Dynamic Method Density Based Spatial
Clustering of Application with Noise) algorithm.

Based on this explanation, this research will offer
a study to participate in implementing the clustering
technique wusing the DBSCAN algorithm and
seismicity data in the Indonesian region for the
period 2018 to 2020. This study aims to cluster
seismicity data based on coordinate data and
seismicity characteristics data, as well as to visualize
the results of clusters formed. The benefits of this
research are to increase the use value of abundant
seismic information, to increase efforts to mitigate
seismicity natural disasters, and to be used for the
development of science related to the clustering of
spatial data using the DBSCAN algorithm.
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2. Methods

Based on the previous explanation, the following are
the research methods used in this study (Fig. 1). The
research data was obtained by downloading on the
official website of BMKG (Badan Meteorology and
Climatology Geophysics). Seismicity data used was a
type of tectonic seismicity (caused by a shift in the
earth's crust or tectonic events). The data that has
been obtained were then be analyzed using
descriptive statistics. Preprocessing of data was
carried out with data cleaning, data integration, data
selection, and data transformation so that the data is
ready to be used for clustering.
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Fig.1: Research flow chart.

Data clustering was done using the DBSCAN
algorithm. This algorithm requires input parameters
Epsilon (maximum radius between one point to

another) and MinPts (minimum point in a cluster
that is formed). The input parameters are more
effectively searched using the search for optimal
values or parameters using the help of a k-dist graph.
The clustering will show the number of clusters and
the noise formed. As for determining whether or not
the cluster is formed by means of validation.
Validation is done using the silhouette coefficient
value. The best results will then be visualized using
the help of map visualization. Fig 1. shows the stages
of research carried out in this study.

3. Results and Discussion

Data collection was done by downloading the results
obtained as many as 30,302 data with 8 types of
variables. The data were then be classified based on
the seismicity incident area so as to get the results of
47 seismicity areas. The variables used were the
latitude and longitude coordinates, the depth of the
seismicity, the strength of the seismicity, and the
frequency of the occurrence of seismicity. Figure 2 is
a visualization of the results of the distribution of
seismicity for the period 2018 to 2020.

Fig. 2: Distribution of seismicitys for the period 2018-
2020.

Based on the seismicity distribution map in Fig 2.
which will be explained briefly in Table 1, regarding
the descriptive analysis of the data to be used for
research consists of the average value, median value,
minimum value, and maximum value of the
seismicity frequency data variable earth, the depth
of the seismicity, and the strength of the seismicity.

It is shown in Table 1 that the average depth
value is at a depth of 66 km which is included in the
category of shallow seismicity because it is less than
70 km [13]. As for the average seismicity strength of
4.0 on the Richter scale, which if equated with the
MMI scale is classified as a seismicity with a low risk
level.

Table 1. Descriptive statistics.

Information Frequency of Depth Seismicity
occurrence (km) strength (SR)
Average 645 66 4.0
Middle value 250 39 3.8
Minimum 1 10 2.9
Maximum 3823 469 6




Data clustering is done after determining the
optimal parameter values. After the seismicity data
has been classified based on the area of occurrence
and analyzed, parameter determination is carried
out using a technique that is more effective than trial
and error, namely with the help of a k-dist graph as
shown in Fig 3. Determination of the best or optimal
epsilon and MinPts parameter values seen from
sharp changes that occur in the graph. The epsilon
parameter is indicated by a sharp change, while the
k input parameter indicates the MinPts input
parameter.
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Fig. 3: K-dist graph.

Based on the help of the k-dist graph as shown in
Fig 3. the determination of the optimal input
parameter values for Epsilon and MinPts is obtained
as in Table 2. and Table 3.Fig 3. shows that the input
value of k is 3, which is seen on the y-axis (3-NN
distance) while the epsilon value obtained from a
sharp change is at a value of 0.15. The determination
of the input value will then be assessed using the
silhouette coefficient for the best validation.

Based on Table 2. the results of clustering based
on seismicity coordinates obtained the best
silhouette value of 0.35 with an epsilon input value
of 0.15 and MinPts of 3. The results obtained show
that 4 clusters are formed with 4 noise. The next
table, below This is the result of clustering based on
data on seismicity characteristics.

Table 2. Clustering results based on seismicity coordinate
data.

Eps MinPts Cluster Noise Silhouette
0.1 1 20 0 0.31
2 10 10 0.3
3 5 20 0.18
4 2 29 0.15
0.15 1 7 0 0.25
2 5 2 0.32
3 4 4 0.35
4 4 8 0.27
0.2 1 3 0 0.09
2 3 0 0.09
3 2 2 0.09
4 2 2 0.09

Table 3. Clustering results based on seismicity coordinate
data.

Eps MinPts Cluster Noise Silhouette
0.1 1 18 0 -0.05

2 4 14 -0.03
0.2 1 8 0 0.26

2 3 5 0.39
0.3 1 4 0 0.19

2 2 2 0.28

Based on Table 3. shows the best results based on
the largest silhouette coefficient value with input
epsilon of 0.2 and MinPts of 2. The results obtained
are clusters formed of 3 with noise of 5. Based on
research that has been done previously by several
references contained in In the introduction section,
the results or silhouette coefficient values obtained
are almost the same, namely in the number past 0.2
with noise less than 10. The best validation value is
obtained if the value is close to 1. However, this
value is included in the category that is in line with
previous research. Or it can be said to strengthen
what is the result of previous research. Fig 4. shows
the results of visualizing the average silhouette
value.
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Fig. 4: Silhouette value (a) based on seismicity
coordinate data (b) based on seismicity characteristic
data.



Based on Fig. 4. shows that each data or category
in the cluster has a different color. This is shown for
both cluster and noise. As for the average value that
is used as the silhouette coefficient or validation, it is
taken from the average silhouette width that has
been shown at the top of the visual. The results
obtained in figure (a) are the best silhouette results
based on seismicity coordinate data and figure (b)
shows the best silhouette results based on seismicity
characteristic data. This difference in value indicates
that a number close to 1 or in this case 0.39 is
included in the best cluster category.

Determination of the optimal parameter values
and their validation have been carried out. The next
picture will show how the cluster result plot is
formed in the software used. Based on the cluster
formed, each cluster will be distinguished by color.

Based on Fig 5. the results of the 5 clusters
formed are plotted using existing software, so that
each cluster with a different color and shape comes
out, where each cluster has a density with one
another. On Fig. 5. shows the longitude and latitude
on the coordinates of the graph because the data
entered using the relationship or input coordinate
data that contains latitude and longitude.
Subsequent analysis was carried out for seismicity
data based on the characteristics shown in Table 4.
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Fig. 5: Cluster result plot is formed based on seismicity
coordinate data.

Based on Table 4 3 clusters were formed with 5
noise, having the most members in cluster 1 with 37
cluster members. In addition to having the most
members, cluster 1 has a fairly large average
seismicity strength that needs attention. However,
on average, each cluster has a fairly low depth below
70 km, so it is classified as a shallow seismicity that
also needs to be watched out for, including if the
location of the settlement is close to the fault zone of
the seismicity.

Table 4. Profiling the results of the cluster formed based on data on seismicity characteristics.

Statistic

Cluster Variable Range 1 Number Obf
Average Minimum Maximum cluster members
1 Frequency of 504 1 1883 1s/d 1883 37
occurrence
Depth (km) 44 10 116 10s/d 116
Strength (SR) 3,9 2,9 4,8 29s/d 4,8
2 Frequency of 3 1 4 1s/d 4 3
occurrence
Depth (km) 24 10 51 10s/d 51
Strength (SR) 5,6 53 6,0 5,3s/d 6,0
3 Frequency of 3711 3599 3823 3599 s/d 2
occurrence 3823
Depth (km) 19 13 25 13s/d 25
Strength (SR) 3,2 31 3,2 3,1s/d 3,2
Noise Frequency of 846 1 2796 1s/d 2796 5
occurrence
Depth (km) 274 10 51 10s/d 51
Strength (SR) 4,0 3,2 52 3,2s/d5,2
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Fig. 6: Visualization of cluster results formed.

Another purpose of this research is to visually
show the cluster formed. This is shown in Fig 6. The
results of this visualization are shown from the
results of the cluster based on the coordinate data or
the latitude and longitude of the seismicity.

4. Conclusion

The conclusion from the results of this study is that
the clustering of seismicitys carried out using
seismicity  coordinate data and seismicity
characteristics got the best silhouette values of 0.35
and 0.39. Based on the results of the visualization
that has been made, the distribution of seismicitys is
almost evenly distributed throughout Indonesia, but
the western part of Indonesia has seismicity points
or the frequency of seismicity occurrences is quite
low compared to the central and eastern parts of
Indonesia.
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