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Abstract 
 
The government and earthquake associations have 
recorded the seismic data in spatial-temporal usually 
used to measure the earthquake intensity, but such 
information has not been processed to obtain the 
earthquake density. This condition makes it difficult to 
map all the risk, so it creates the lack of participatory 
development to the earthquake areas that have a high 
density. This research proposes a new approach for 
measuring the density of earthquake and performing 
automatic clustering with valley tracing method to detect 
the number of group spatial regions automatically from 
analysis of cluster moving variances. The density is 
obtained with a new approach that involves the area and 
the amount of data on clusters. This system follows the 
steps: (1) display the spatial-temporal earthquake dataset 
into a map, (2) create vector space data consist of 
temporal, spatial, and magnitude, (3) detect number of 
cluster with valley tracing method on automatic 
clustering, (4) calculate the earthquake density, and (5) 
display special temporal visualization with the cluster 
density measurement result. To perform the proposed 
idea, this system is examined with an experimental study 
for a series of quake about Indonesia and Japan during 
the last 50 years from ANSS catalog. 
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1. Introduction 

Earthquakes are natural events that happen as 
tectonic stress or energy released from faults, fracture on 
Earth's crust [1]. It was caused by the sudden breaking 
and movement of tectonic plates of the earth‟s crust. A 
large earthquake can cause the great damage, such as 
landslides, snow avalanches, tsunamis (giant sea waves) 
and volcanic eruptions. If the earthquake occurs in a 
populated area, it may cause collapse of building or other 
man-made infrastructures, injuries, and deaths. 

In a current research, the government and earthquake 
associations have recorded the seismic data in temporal 
and spatial. These data are very useful for measuring the 
frequency of earthquakes or called as intensity. However, 

such information has not been processed to obtain the 
earthquake density. This condition makes it difficult to 
map all the risk, so it creates the lack of participatory 
development to the earthquake areas that have a high 
density. 

Knowing the earthquake-prone areas is essential. 
Especially in countries that often occur earthquake. There 
have been many researchers, who conduct research on 
earthquake, including: R. Sadeghian and G. R. Jalali-
Naini found a new probability density function (PDF) for 
forecasting the time of earthquake occurrence [1], 
Rusnardi R.P, Junji Kiyono, and friends constructed area 
earthquake source model and estimated the frequency 
magnitude relationship by using the catalogs compiled 
[2], S. Das and C. Henry examined where aftershocks 
occur using data from several recent large earthquake [3], 
Masryur Irsyam, Donny T Dangkua, and friends 
presented the development of spectral hazard maps for 
Sumatra and Java islands, Indonesia [4], Hiroyuki 
Fujiwara, Shinichi Kawai, and friends developed an open 
web system, includes the hazard map results and data on 
seismic activity, source models, and underground 
structure [5]. These studies provide many benefits to 
human life. However, no one has ever examined the 
density of earthquakes. As well as information on the 
population density of an area, the density can provides a 
lot of information. By knowing which areas have the 
highest density, attention can be directed to the right 
target to analyze the likelihood of earthquakes, 
earthquake prediction, or early warning 
 
2. Proposed Idea 

This research proposes a new approach for measuring 
the density of earthquake. Earthquake density is different 
with earthquake intensity that only involves the number 
of earthquake even on an area. The density is measured 
after performing automatic clustering in areas affected by 
the earthquake. Automatic clustering is an initial process 
to obtain the number of cluster automatically before 
performing the clustering to group the earthquake dataset. 
This idea implements valley tracing method to detect the 
number of group spatial regions automatically from 
analysis of cluster moving variances. The valley tracing 
method determines the global optimum by variance 
differentiation and ensured the credibility ratio of the 
global optimum. Hierarchical clustering carried out after 
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area of each cluster has by 1o of latitude and longitude or 
it has an approach to 9.713,5 km2 on each grid cell. The 
number of each 1o has is different with Indonesia, 
because the coordinate of Japan is in the north.  

 
Table 7. Earthquake density about Japan on each cluster 

 

Cluster Number 
of Points  

Wide Area 
(km2) 

Density 
(n/ km2) 

1 275 699.336 3.93 x 10-4 
2 12 116.556 6.86 x 10-4 
3 17 165.121 1.70 x 10-4 
4 27 262.251 1.18 x 10-4 
5 15 145.695 1.03 x 10-4 
6 1 9.713 1.03 x 10-4 

The outcome from visualization earthquake points, 
here are Japan prefectures included in each cluster: 

Table 8 : List of Japan Prefectures on each cluster 
 

Cluster 1 
Priority 2 

Hokkaido, Niigata, Gifu, Iwate, Chiba, 
Nagano, Akita, Aomori, Ibaraki, 
Miyagi, Yamagata, Ishikawa, 
Shizuoka, Yamanashi, Fukushima 

Cluster 2 
Priority 1 

Hokkaido 

Cluster 3 - 

Cluster 4  
Priority 3 

Hyogo, Kyoto, Shiga, Ehime, 
Miyazaki, Oita, Kagoshima, Shimane, 
Fukuoka, Nagasaki, Kumamoto 

Cluster 5 - 
Cluster 6 - 

 
Cluster 3, 5, and 6 do not have any list of prefecture 

because these areas are outside of Japan. The density 
measurement gives a result that cluster 2, it was on 
Hokkaido prefecture has the highest value. This condition 
means that these areas have a huge potential of 
earthquake hazard.  
 
6. Conclusion 

Indonesia and Japan are both located on tectonic 
plate boundaries. This condition makes both countries has 
a high priority of natural hazard and disaster prevention.  

There are many methodologies to fine the 
earthquake-prone areas, such as intensity. This research 
proposes a new approach for measuring the density of 
earthquake. Earthquake density is different with 
earthquake intensity that only involves the number of 
earthquake even on an area. The density is measured after 
performing automatic clustering in areas affected by the 
earthquake. 

This idea implements valley tracing method to detect 
the number of group spatial regions automatically from 
analysis of cluster moving variances. The Valley tracing 
method gives difference result for Indonesia and Japan. 
We choose centroid linkage for Indonesia and complete 
linkage for Japan as the highest value of accuracy.  

Measuring the cluster density with a new approach 
gives the result as we measure the population density. 
First we have to count the member of each cluster as the 
population, and then we find the wide of cluster area. We 
have to convert the wide of cluster area by multiplying 
with 12.248,7 km2  for Indonesia and 9.713,5 km2  for 
Japan. The earthquake density was found out by dividing 
the population with the wide of cluster area. 
The result of these research gives information that the 
areas which the highest potential of earthquake are in 
North Maluku, North Sulawesi, Central Sulawesi, South 
Sulawesi, East Kalimantan, West Sulawesi, Gorontalo, 
Special Region of West Papua, and Southeast Sulawesi 
province in Indonesia. Whereas in Japan, the highest 
potential is in Hokkaido prefecture. It means, the areas 
have the right to get concern from government about 
early warning of earthquake 
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