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ABSTRACT 
 

Tectonic activity in the past one year in North Sumatra is quite active as it’s located in seismic region on the fault 
zone accommodates most of the strike-slip movements associated with the sloping convergence between the 
Indo-Australian and Eurasian plates. In this case, we used clustering approach to see the potential for 
earthquakes originating from fault activities in Northern Sumatra recorded by seismic network sensors that 
have been installed either Broadband type or the new mini region. Northern Sumatra based on the source of 
earthquake activity can be divided into several segments. The main goal of this study to identify the distribution 
of the Northern Sumatra inland earthquake based on segment activity using the clustering approach. The result 
shown that the dominance of onshore earthquakes in North Sumatra varies greatly based on magnitude. The 
magnitude frequency distribution for the period 2019 and January to June 2020 was dominated by 
earthquakes with magnitudes below 4. The clustering approach in this study illustrates the classification of 
magnitude of terrestrial earthquakes in North Sumatra in the categories of minor, light and moderate. In 2019 
and January-June 2020 period the dominance of the most sources of earthquake was due to the Aceh Central 
segment. 
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1. INTRODUCTION  
 

The Northern Sumatera is located in seismic 
region on the ring of fire in the word. In addition to 
the subduction zone of the island’s west coast, 
Sumatra also has a large slip fault, as known as the 
Semangko Fault, which stretches across the island 
[1], [2]. The fault zone accommodates most of the 
strike-slip movements associated with the sloping 
convergence between the Indo-Australian and 
Eurasian plates. Based on the earthquake events that 
often occur in Sumatra in general [3] cluster based on 
seismic maps along the fault. In this case the Sumatran 
Fault Segment, can be described based on the level of the 
cluster where the maximum magnitude of the earthquake 
is obtained from the segment and regression. 

Tectonic activity in the past one year in North Sumatra 
is quite active. This can be seen from the results of 
seismicity in 2019. The dominance of earthquake 
activity in Northern Sumatra generally occurs on land, as 
in figure 1. In this case, identification is needed in 
distributing earthquake events that occur in Northern 
Sumatra.  

The identification of land earthquakes based on Figure 
1 shows that variations in magnitude can be classified 
into 2 colors, namely small and medium magnitudes. 
Land earthquake events in the 2019 period show that the 
distribution of earthquake events on land is strongly 
dominated by Sumatra Fault Zone activities and local 
segment. 
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The North Sumatra Seismicity Map in figure 1, 2019, 
illustrates the source of the earthquake occurrence 
caused by several local segment activities. The 
distribution of the earthquake epicentre in North Sumatra 
is very interesting to study, seeing the frequency of 
earthquake events increasing, and potentially in the 
earthquake return period. Earthquake return periods can 
be described as recurrence intervals that indicate the 
average time or estimated time the earthquake occurred. 
In this case, the measurement of earthquake return period 

is closely related to statistical measurements which are 
based on historical data over a long period, and are used 
for risk analysis. The analysis is intended to assume that 
the probability of an earthquake event occurring does not 
vary from time to time and does not depend on past 
events. 

 

 

 

Figure 1. Seismicity of the Northern Sumatra region May Period 2019 - May 2020 

In this study, we focus for clustering of earthquakes 
occurring on the northern Sumatra. Clustering 
approach is a main problem to see the potential for 
earthquakes originating from fault activities in 
Northern Sumatra recorded by seismic network 
sensors that have been installed either Broadband 
type or mini region in Northern Sumatera based on 
the source of earthquake activity can be divided into 
several segments. As we know, the new mini region 
had been installed in Northern Sumatra [4] and had 
been working to detect the earthquake activity. 
Based on [2], [5], [6] explained the source of the 
earthquake segment in North Sumatra was strongly 

influenced by the Sumatra Fault Zone and several local 
segments. 

In general, the results of this study will be illustrated 
how the frequency of earthquakes in the Northern 
Sumatra can be used as a reference in further analysis of 
seismic sources that can be monitored by network 
sensors in North Sumatra based on the local fault 
segment that is the source. This study aims to identify the 
distribution of the Northern Sumatra inland earthquake 
based on segment activity using the clustering approach. 
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2. DATA AND METHOD 

In this study, we utilized earthquake data from the 
earthquake catalog of the Deli Serdang Geophysics 
Station. The recorded earthquake data was observed 
from 2019 and January-June 2020, with the category 
of earthquakes on the northern Sumatra land. The 
selection of earthquakes on land in the period 2019 
and January 2020 to June 2020 provides a solid basis 
for evaluating the performance of sensors that have 
been installed and reviewed in previous reports. A 
list of earthquake events on land can be seen in 
Figure 2. 
 

 

a 

b 
 

Figure 2. Land earthquake events in Northern Sumatra: 
a. 2019 period, b. period January-June 2020 

 
The number of earthquake events in the 2019 period 
in Figure 2(a) was 184 with an average magnitude of 
earthquakes 3.31, and the number of earthquake 
events in January-June 2020 in figure 2(b) amounted 
to 211 events with an average earthquake magnitude 

of 3.04. This condition shows the frequency of the 
number of earthquake events from 2019 to January-
June 2020 has increased.  
Earthquake strength ranges from being so weak that 
it cannot be perceived as violence which can cause 
serious damage to the entire city. Seismicity or 
seismic activity of an area refers to the frequency, 
type and size of earthquake experienced during a 
certain period of time. Earthquake classification 
based on magnitude can be seen in Table 1. 

Table 1: Earthquake classification based on magnitude 
[7] 

Earthquake 
Qualification  Magnitude 

Minor < 4.0 

Light 4.0 - 5.0 

moderate 5.0 < M < 5.9 

Strong 6.0 < M < 6.9 

Major 7.0 < M < 7.9 

Great >8.0 
 
Earthquake parameters in North Sumatra are very 
dependent on seismic network sensors installed in 
North Sumatra in both Broadband type and Mini 
Regional type. In this case, the earthquake 
occurrence recorded in the earthquake catalog at 
Deli Serdang Geophysical Station is based on the 
seismic network in Figure 3. 
 
Figure 3. is the distribution of mini regional sensors 
and broadband at Geophysics Station of Deli 
Serdang. There are 26 types of Broadband and 16 
Mini regions which are already operating and 
support earthquake parameter analysis both on land 
and at sea. The distribution of these sensors will 
support BMKG's national operations for earthquake 
and tsunami early warning. 
In this study, we used K-means clustering as the 
simplest and most popular "unsupervised machine 
learning algorithms". The purpose of this algorithm 
is to find groups in the data, with the number of 
groups represented by the K variable. K variable 
itself is the number of clusters we want [8], [9]. K-
means clustering is a type of unsupervised learning, 
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which means that it is used when we have unlabeled 
data [10], [11]. 

 
Figure 3. Map of Mini Regional and Broadband Sensor Distribution in Deli Serdang Geophysical Seismic Network 
 
The algorithm works iteratively to find clusters in 
the data, and the number of groups is represented by 
the variable K. We use the euclidian distance to find 
the distance between the data center point and the 
center of mass, and with this distance we can sort the 
data points into clusters [12]–[14]. Euclidian 
distances can be calculated as: 
Between two points 
If p = (p1, p2) and q = (q1, q2) then the distance is 
given by 

 
 (1)  
 
 

For the three dimensions the formula is, 
 

 
  (2) 

 
In this case, the steps for grouping K-means as a 
machine learning approach parth model are shown in 
Figure 4 by determining the number of clusters (K) 

for the dataset and selecting k random points in the 
dataset. This random point k is called a centroid and 
must be equal to the number of clusters. Calculate 
the Euclidean distance between each data point and 
the selected centroid cluster. A point is considered to 
be in a certain group when the Euclidean distance is 
minimum. Determine the new centroid for each 
cluster by taking the average of all points assigned to 
the cluster. Repeat steps 2 and 3 until the centroid 
position no longer changes and the cluster 
assignment remains the same. 
The process of this study can be seen in detail in 
Figure 5, which is divided into 3 stages, namely the 
pre-processing of land earthquake data based on the 
Northern Sumatra Earthquake sourced from the Deli 
Serdang Geophysical Station, the second stage by 
processing and computing time-series earthquake 
data overland period 2019 and January-June 2020 
with a cluster approach. And the last stage is by 
optimizing the K value and output plotting from the 
computation results of the Northern Sumatra 
earthquake earthquakes cluster. 
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 Figure 5. The flowchart of Northern Sumatra 
Earthquake Clustering  
 
 
3. RESULTS AND DISCUSSION 

The number of land earthquakes that occurred 
in 2019 was as many as 184 events with different 
magnitude variations. Based on analytical data the 
number of earthquakes based on magnitude can be 
seen in Figure 6a. The number of land earthquakes 
that occurred in 2020, January to June was 211 
events with different magnitudes. Based on 
analytical data the number of earthquakes based on 
magnitude can be seen in the figure 6b. 

a 

b 
Figure 6 Number of earthquakes based on 

magnitude: a. 2019, b. January-June 2020 
 
Figure 6 a is an earthquake that occurred on land 

in the period 2019. Results of computation of time-
series on land earthquakes in North Sumatra 
illustrates the smallest magnitude at 1.8, most 3.1 
and largest 4.9. Figure 6b. is an earthquake that 
occurred on land in the January-June 2020 period. 
The computational time-series results of land 
earthquakes in Northern Sumatra illustrate the 
smallest magnitude at 1.8, most 3.0 and largest 5.0. 

In this study the magnitude classification 
recorded in the Deli Serdang geophysical data 
catalog is categorized into 5 classes, namely in the 
minor, light, moderate and strong categories. 
Percentage of magnitude of inland earthquakes in 
North Sumatra from 2019 can be seen in Figure 7a. 
Based on analytical data in Figure 7a, the earthquake 
in the 2019 period is divided into 2 categories, 
namely magnitude with the categories of minor and 
light. In the figure 7b the magnitude classification 
recorded in the Deli Serdang geophysical data 
catalog is categorized into 5 classes, namely in the 
minor, light, moderate and strong categories. 
Percentage of magnitude of inland earthquakes in 
North Sumatra from January to June 2020. 
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a 

b 
Figure 7. Percentage of groundwater grade by 

magnitude classification: a. 2019, b. January-June 2020 
 
Figure 8 (a) is the frequency distribution of 

terrestrial earthquakes in North Sumatra in 2019. 
The plot results in Figure 8 illustrate the highest 
frequency of terrestrial earthquakes in April 2019 
and in September 2019 the frequency of events was 
minimal. Figure 8b. is the frequency distribution of 
land earthquakes in North Sumatra in the periods 
January-June, 2020. The plot results in Figure 14 
illustrate the most frequency of land earthquakes in 
April 2020. 

In this case, an analysis study of earthquake 
clusters in Northern Sumatra for the 2019 period was 
conducted. The magnitude cluster of the North 
Sumatra Earthquake in the 2019 period was 
conducted to classify the Earthquake on the segment 
in North Sumatra. Land earthquakes both on a small 
and large scale will have an impact, the earthquake 

magnitude cluster is based on damage estimates. 
Figure 9 is an export map that illustrates damage 
estimation based on the magnitude of the 2019 
period. The results of the plotting obtained 2 
categories, namely limited damage (blue dot) and 
minor damage (green dot). 

a 

b 
Figure 8 Distribution of the frequency of the North 

Sumatra earthquake based on magnitudo per month: a. 
2019, b. 2020 

 
The cluster analysis of earthquake events in 

Northern Sumatra in January to June 2020 was 
conducted. Clustering is done to classify land 
earthquakes against segments in North Sumatra. 
Land earthquakes both on a small and large scale 
will have an impact. This study also conducted an 
earthquake magnitude cluster based on estimated 
damage potential. Figure 15is an export map 
depicting damage estimates based on the magnitude 
of the strength of the January-June 2020 period. 
From the ploting results, 3 categories are obtained, 
namely limited damage (blue dot), minor damage 
(green dot) and Slight Damage. 
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a 

b 

Figure 9. Estimated damage potential based on the 
magnitude level: a. 2019, b. 2020 

 
With the k-mean cluster approach, the 

characteristics of the North Sumatra earthquake in 
the 2019 period are divided into 4 classes. From the 
results of k-means clustering the k value can be seen 
in Figure 10a. 

With the k-mean cluster approach, the 
characteristics of the North Sumatra earthquake in 
the January-June 2020 period are divided into 4 
classes. From the results of k-means clustering the k 
value can be seen in Figure 10b. In the dataset 
without labels find the optimal value of K. In this 
case, the number of clusters needed in the 
classification of the Northern Sumatra earthquake is 
uncertain. Therefore, a heuristic approach with the 
Elbow method is used to identify the optimal value 
for K. In this study identifying values for K uses 
multiple learning. We plot the sum of squared 
distances on running k-means for various K values. 

 

a 

b 
 

Figure 10. K-value of the Northern Sumatra 
earthquake: a. 2019, b. January to June 2020 

 
In the dataset without labels find the optimal 

value K. In this case, the number of clusters needed 
is uncertain. Therefore, a heuristic approach with the 
Elbow method is used to identify the optimal value 
for K. In this study identifying values for K uses 
multiple learning. We plot the sum of squared 
distances on running k-means for various K values. 
there are limitations to using the elbow method 
because it is a heuristic approach. 

Using the optimal number (K) as with the elbow 
method, earthquakes can be grouped from the 
dataset into four different groups. The number or 
earthquake with a magnitude of 1.5 or higher is much 
higher in the red group. A total of 92 earthquakes 
formed the red cluster, and 33 earthquakes formed 
the blue cluster. The North Sumatra region closest to 
the local segment is most affected by the earthquake 
in this 2019 period. The 2019 earthquake and 
aftershocks explain why we have such a cluster in 
the Northern Sumatra region. A total of 194 
earthquakes with a magnitude of 3 or more occurred 
in 2019 and a total of 42 earthquakes with a 
magnitude of 4. In Figure 11 b, the number or 
earthquake with a magnitude of 1.5 or higher is much 



 

Journal of Theoretical and Applied Information Technology 
31st January 2021. Vol.99. No 2 

© 2021 Little Lion Scientific 
 

ISSN: 1992-8645                                                                  www.jatit.org                                                      E-ISSN: 1817-3195 

 
377 

 

higher in the red group. A total of 92 earthquakes 
formed the red cluster, and 33 earthquakes formed 
the blue cluster. The North Sumatra region closest to 
the local segment was most affected by the 
earthquake in the January-June 2020 period. 

a 

 

b 

Figure 11. Northern Sumatera Earthquake Cluster 
based on K-Means: a. 2019, b. January to June 2020 

 
The January-June 2020 earthquake and 

aftershocks explain why we have such a cluster in 
the Northern Sumatra region. A total of 194 
earthquakes with magnitude below 4 January-June 
2020 period. 

The map in Figure 12a also shows a yellow 
centroid epicenter for two groups. Clusters are 
generated by calculating the euclidian distance 
between centroids and data points. One interesting 
observation on the map is that the earthquake 
epicenter in the North Sumatra region caused by 
both small and large earthquakes explains why the 
epicenter is mostly in the North Sumatra fault area 
and local segment. Figure 12 b. is an earthquake 
cluster in the January-June 2020 period which shows 
a blue centroid epicenter for two groups. Clusters are 
generated by calculating the euclidian distance 
between centroids and data points. One interesting 
observation on the map is that the earthquake 
epicenter in the Northern Sumatra region caused by 
both small and large earthquakes explains why the 

epicenter is mostly in the North Sumatra fault area 
and the local segment and there is an increase in the 
activity of the North Sumatra earthquake. from the 
2019 period to the January-June 2020 period. 

 

 

a 

b 
Figure 12. Northern Sumatra Earthquake Cluster: a. 
2019, b. 2020 

 
 
Segment cluster analysis in this study is divided 

into two categories, the first is the 2019 period and 
the January-June 2020 period. In the 2019 period, 
land earthquakes can be clustered in Figure 13. 

Based on Figure 14, the Batee A segment is very 
dominant in the occurrence of land earthquakes that 
occurred in the 2019 period in the Aceh region, 
followed by the activities of the Aceh central 
segment and the Angkola segment. Whereas in the 
area of North Sumatra the source of earthquake 
activity was dominated by the Renun A segment. A 
complete description of the occurrence of land 
earthquakes in the 2019 period can be seen in Figure 
14. the total number of earthquake events caused by 
segment sources is detailed in Figure 14. 
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Figure 13. Inland earthquake clusters in Northern Sumatra based on the 2019 segment. 

 

 
Figure 14. Total inland earthquakes in North Sumatra based on 2019 segment clusters 

 
Figure 15 is a map of the earthquake clusters for the 
January-June 2020 period. The dominance of the 
source of earthquake events caused by the Aceh 

Central segment is more dominant than other 
segments.  
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Figure 15. Earthquake inland clusters in Northern Sumatra by segment from January to June 2020 

 
 
This condition illustrates the activities of the Aceh 
segment from 2019 to the period January-June 2020 
which experienced a fairly high increase and 
dominated the occurrence of land earthquakes in 
Northern Sumatra. 
In Batee A segment, the activity of apex in this fault 
has decreased from 2019 to January-June 2020. The 
Seimelue North segment which in the previous 

period in 2019 had minimal seismic activity, in the 
January-June 2020 period increased. The high 
activity of the earthquake in the January-June 2020 
period due to several segments made special 
attention in this study, especially when viewed from 
the role of seismic sensors installed in North 
Sumatra. Whether or not the results of the analysis 
will greatly depend on the performance and density 
of existing sensors. 

 

 
Figure 16. Total inland earthquakes in North Sumatra based on cluster segments in the January-June 2020 period. 

In detail, the total earthquake in the January-
June 2020 period can be seen in Figure 15 an 
increase in earthquake activity due to faults or local 
segments prompts special attention for earthquake 
analysis on land and the potential for future return 
periods. 

 
 

4. CONCLUSION 
 
Based on the results of the classtering of the North 
Sumatra onshore earthquake, the dominance of 
onshore earthquakes in North Sumatra varies greatly 
based on magnitude frequency distribution for the 
period 2019 and January to June 2020 was 
dominated by earthquakes with magnitudes below 4. 
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In 2019 and January-June 2020 period the 
dominance of the most sources of earthquake was 
due to the Aceh Central segment. The distribution of 
the frequency of the earthquake in the northern part 
of Sumatra, which increased from 2019 to January-
June 2020, was strongly influenced by the density of 
new sensors of mini region already installed in the 
North Sumatra region. The results of the sensor 
performance study in the previous study had a 
significant impact on the recording of special 
earthquake in the North Sumatra region. Future we 
can identify the earthquake activity in local segment 
area in North Sumatra. 
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