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Abstract: This study aims to group earthquake damage from its magnitude scale and 
visualize it on a geographical map. The magnitude of the earthquake was grouped using 
the K-means model. It is one of the most popular and effective clustering models in 
grouping data, such as earthquake data. The dataset used in this study is earthquake 
data for the last ten years on Lombok Island. The optimal number of clusters was used 
which is 2 in this case, based on the highest Silhouette score of 0.930. The highest 
Silhouette score shows the optimal number of clusters. The cluster on the geographical 
map shows most earthquakes' distribution in Northen Lombok Island with cluster 1 
consisting of 145 earthquakes, while cluster 2 consists of 3 earthquakes. In addition, the 
earthquake's damage based on its magnitude scale, there were four different kinds of 
earthquake damage: slight, limited, minor, and severe damage that have occurred for the 
last ten years in Lombok Island. Minor and Slight damages were dominant, respectively. 
However, severe damage occurred in the northern part of Lombok Island due to an 
earthquake in 2018. 
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Introduction  

Earthquake is one of the threats to human life 
around the world. Indonesia is a country that has a level 
of vulnerability to earthquakes because Indonesia is a 
maritime country located on three plates of the world 
commonly called the Pacific Ring of Fire (Setiawan, I. N., 
Krismawati, D., Pramana, S., Tanur, E., 2022; Utomo & 
Purba, 2019; Kirana et al., 2019). West Nusa Tenggara 
(NTB) is one of the provinces in Indonesia that is often 
affected by earthquakes. Almost every day there are 
earthquakes, but August 2018 was the last major 
earthquake in Lombok, NTB. The earthquake itself 
occurs due to plate motion that causes sudden vibrations 
on the earth's surface (Rifa & Pratiwi, Hasih, 2019). The 
occurrence of earthquakes causes a lot of damage such 
as infrastructure, buildings, highways  

 
 
And can also cause death. Therefore, a disaster 
mitigation effort needs to be carried out by all parties, 
from the government, academics, and researchers 
according to their respective expertise. About these 
mitigation efforts, the clustering technique in data 
mining is very useful for grouping earthquake data 
based on the same characteristics so that it can be used 
as a basis for predicting future earthquake events 
(Murdiaty, Angela, Sylvia, 2020). 
The activity of seismic refers to the frequency, type, and 
size of earthquakes experienced over some time. The 
size of earthquakes can be determined by using the 

Richter scale. Richter scale determines earthquakes' 
magnitude based on amplitude. The following is a class 
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of damage based on the magnitude scale of an 
earthquake (Irawan et al., 2020). 

Table 1: The classification of earthquake’s magnitude scale 
No Magnitude Class of damage 

1 3.0 – 3.9 Limited 
2 4.0 – 4.9 Minor 
3 5.0 – 5.9 Slight 
4 6.0 – 6.9 Severe 
5 7.0 – 7.9 Serious 
6 8.0 or more Great 

Data mining is a popular and widely used approach 
in accessing data today. Data mining is the process of 
searching for important forms or information in data 
using certain methods or techniques (Mardi, 2016). The 
ease of filtering data and information in the form of data 
grouping can use one of the data mining approaches, 
namely clustering. Clustering is the process of grouping 
objects based on similarity into different groups 
(Madhulatha, 2012). There are many types of clustering 
algorithms, but the K-Means clustering method is a 
popular algorithm and is known as a more efficient 
clustering method, especially on large enough data, such 
as earthquake data (Raghuwanshi & Arya, 2012; 
Kertanah, Rahadi, et al., 2022; Wijaya et al., 2024). In 
addition, many studies applying the K-means model 
were conducted by researchers either in earthquakes or 
different study cases. K-means was applied to clustering 
earthquake epicenter (Novianti et al., 2017). Dwitiyanti 
et al.,( 2023) implemented K-means for clustering 
earthquake-prone areas in Indonesia. This study used 
the Silhouette index as an indicator to determine an 
optimal number of clusters. Applying the K-means 
model was studied by Kertanah et al., (2022) for 
clustering analysis in West Nusa Tenggara. This study 
determined an optimal number of clusters by utilizing 
the Silhouette index. The k-means model was 
implemented in clustering for the province of the risk of 
COVID-19 in Indonesia. This study applied three 
different methods to determine an optimal number of 

clusters that are Elbow method, the Silhouette index, 
and Gap statistics, respectively. Another study was also 
conducted by applying the K-means model to cluster 
COVID-19 cases and deaths in Southeast Asia (Abdullah 
et al., 2022).  

As stated by the backdrop above, this study 
proposes a K-means model to group the level of 
earthquake damage based on its magnitude scale. 

Therefore, this study also visualizes and interprets the 
estimation of earthquake damage on a geographical map 
to show the distribution of earthquake damage on 
Lombok Island. 

  
 
 

Method  
This study used earthquake data for the last ten years 
from September 2014 to September 2024 in Lombok 
Island. This data is obtained from the United States 
Geology Survey (USGS) global public seismic catalogs 
(https://earthquake.usgs.gov/earthquakes/search/).  
This study implements the K-means model to group 

earthquake damage. Hence, the number of optimal 
clusters is determined by using the Silhouette index. The 
following is the flowchart of the data processing and 
interpretation stages in this study. 

Start

Data 
Description

Pre-Processing Data
Data Clustering Using

 K-Means Model
Data Visualization 
and Interpretation

End

Figure 1. Data processing and interpretation stages 

This study utilized Python as a tool to do those stages. 
In the first stage, earthquake data was collected with a 
minimum magnitude of 3.0. There are 22 variables in the 
earthquake data. In addition, the pre-processing stage 
was implemented to clean the data from missing values, 
and also selected variables that would be used - time, 
latitude, longitude, magnitude, depth, and place. 
Clustering data was carried out by using the K-means 
model. The result of clusters was evaluated by using the 
Silhouette index to find out the optimal number of 
clusters. 

Result and Discussion 
Data description was carried out to show the frequency 
of earthquakes. Figure 2 presents the frequency of the 
earthquakes that occurred in Lombok.  

 
Figure 2. Lombok's earthquakes for the last ten years 

https://earthquake.usgs.gov/earthquakes/search/


Kappa Journal December 2024, Volume 8 Issue 3, 399-403 
 

401 

 
For the last ten years, from 2014 to 2024, most 
earthquakes occurred in 2018. Moreover, in 2019, there 
were still quite a lot of aftershocks. 
Earthquake's dataset was randomly generated by the K-
means model. The Silhouette index was implemented to 
find out the optimal number of clusters. The following is 
a graph to find out the number of clusters (k). 
 

 
Figure 3. The optimal number of clusters (k) 

 
The Figure above presents the optimal number of clusters. It 
suggests 2 clusters. 

Table 2: The number of clusters against the Silhouette index   

No Number of clusters (k) Silhouette score 

1 2 0.930 
2 3 0.813 
3 4 0.800 
4 5 0.744 
5 6 0.740 
6 7 0.730 
7 8 0.702 
8 9 0.694 

 
Table 2 depicts the Silhouette score with the different 
number of clusters. Cluster number 2 shows the highest 
Silhouette score. It presents the optimal number of 

clusters. Therefore, two clusters will be used in this 
clustering of earthquake damage in the next stage. 
Plotting various earthquakes' magnitudes on the 
geographical map provides more context. It shows how 
different magnitude of earthquakes is distributed across 
Lombok Island based on their source. 

 

Figure 4. Distribution of earthquake’s magnitude 2014 to 2024 

Figure 4 presents the distribution of earthquake 
magnitude that has occurred in Lombok for the last ten 
years. Most earthquakes have occurred in the northern 
Lombok. The following Figure 5 shows the clustered 
earthquake's magnitude for the last ten years in Lombok 
Island. 

 
      Figure 5. Distribution of clustered earthquake’s magnitude 

 
Out of 148 earthquakes in the dataset which have four different 
classes of damage as shown in Figure 6. Cluster 1 consists of 
145 earthquakes (blue color), while the remaining 3 
earthquakes (green color) are in Cluster 2 as shown in Table 3. 
The Euclidian distance between the centroids (yellow star) and 
data was used to generate the clusters. The geographical map 
shows the earthquake's damage was pretty spread in northern 
Lombok Island in Figure 6.  
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Table 3: The number of clusters in earthquake damage. 

No Cluster 
    Member of   

clusters 

1 0 145 
2 1 3 
 

 

 
Figure 6. Distribution of earthquake damage for the last ten 
years 
 

Figure 6 shows mostly earthquakes based on magnitude 
scale that occurred in the last ten years. Both Minor 
damage and slight damage are dominant, respectively. 
However, most of the earthquake's severe damage 
occurred in both the north Lombok Regency and the 
northern area of the east Lombok Regency. Most of them 
occurred in 2018. 
 

Conclusion  

Based on clustering using the K-means model, two 
clusters were carried out. The optimal number of 
clusters is based on the highest Silhouette score. The 
higher the Silhouette score the more optimal number of 
clusters. The result of clustering shows most 
earthquakes were spread out in the northern part of 
Lombok Island. Furthermore, four different damages 
occurred in the last ten years in Lombok Island from 
2014 to 2024. Minor damage was dominant. However, 
Severe damage occurred the most in the northern area of 
Lombok Island in 2018. 
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