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Abstract— Indonesia has been known as an area prone to 

earthquakes, volcanic or tectonic earthquakes either. Therefore, it 

is essential to disseminate information to the public about the 

earthquake to raise awareness of the dangers of earthquakes as 

early as possible. 

The GIS-based earthquake information system has available but 

the content has not been able to accommodate all the available 

information because there are many tools which are not available 

.The system is not equipped with several important features such as 

geospatial data are not managed properly so that the news delivered 

incomplete and has not been linked to the news location. Map 

shown is also not equipped with the grouping by district or tagging 

earthquake prone areas. 

Based on these issues, we develop a geographic information system 

mapping earthquake which consist of important information such 

as data summary earthquake in Indonesia (1629-2013), the latest 

earthquake news, earthquake-prone maps, epicenter of the 

earthquake, and seismic data search by province, years, and the 

desired magnitude. The system is built utilizing the Google Maps 

API and Quantum GIS to create maps prone to earthquakes and 
management of spatial data.  
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I. INTRODUCTION 

Indonesia is a country that has high risk in earthquake. It 
caused by its tectonic position which is among Asia and 

Australia plate, and also by the “ring of fire” or the area where 

a large number of earthquakes and volcanic eruptions occur in 

the basin of the Pacific Ocean.  The line passes Indonesia from 

the North Maluku to West Java.  It puts Indonesia into most 

dangerous location for earthquakes.  

In the other side, the awareness of disaster caused by 

earthquake in Indonesia is not familiar among the citizen, 

because the earthquake with serious damage is rarely happens. 

But, recently, this country is woken by some earthquake 

events that caused serious damaged for example big tsunami 

in Aceh, earthquake in Yogyakarta, tsunami in Pangandaran, 
and many more.   

The awareness of earthquake hazard arises among people in 

Indonesia and they start to learn about earthquake more 

intensive than before. The presence of internet technology and 

ease of access of information make the earthquake information 

distributed easier than before.  

It leads the government to provide suitable information 
about earthquake, so the people can find information about 

earthquake easily.  

Directorate of Volcanology and Geological Hazard 

Mitigation (PVMBG) has provided a website that contains 

information about earthquake. The website was developed 

with some information and also be equipped with the map so it 

can display the information spatially.  The website also 
implemented the GIS technology, but the information 

provided is not complete and there are many tools which are 

not accessible by the user.  This condition leads us to build a 

website which implement GIS technology to display 

information about earthquake more complete than the ones has 

provided by PVMBG.  The aim of this system is to facilitate 

the public to find out information about earthquake in detail 

manner such as location of frequent earthquake, 

environmental damage caused by the earthquake, as well as 

areas that are prone to earthquakes. The system has earthquake 

data in Indonesia from 1629 -present. These data were 

obtained from a catalogue of destructive earthquake in 
Indonesia from the Center for Volcanology and Geological 

Hazard Mitigation (PVMBG) Bandung and BMKG website 

Meteorology, Climatology and Geophysics (BMKG).  

Mapping using Google Maps API 

II. LITERATURE REVIEW 

A. Geographic Information Systems 

Geographic Information Systems (GIS) is a computer-

based system (CBIS) is used to store and manipulate 

geographic information. GIS is designed to collect, store, and 
analyze objects and phenomena where geographic location is 

an important characteristic or critical to be analyzed. Thus GIS 

is a computer system which has the following four capabilities 
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in handling geographically referenced data: (a) input, (b) data 

management (storage and retrieval), (c) the analysis and 

manipulation of data, and (d) output [3]. 
A GIS can be thought of as a system that provides spatial 

data entry, management, retrieve, analysis, and visualization 

functions. The implementation of a GIS is often driven by 

jurisdictional (such as a city), purpose, or application 

requirements. Generally, a GIS implementation may be 

custom-designed for an organization. Hence, a GIS 

deployment developed for an application, jurisdiction, 

enterprise, or purpose may not be necessarily interoperable or 

compatible with a GIS that has been developed for some other 

application, jurisdiction, enterprise, or purpose. What goes 

beyond a GIS is a spatial data infrastructure, a concept that has 

no such restrictive boundaries. 
Geographic data in question here is a spatial data 

characteristics are: 

1. Has geometric properties such as coordinates and 

location. 

2. Related to aspects such as space parcels, city, area 

development. 

3. Dealing with all the phenomena that are in the earth, for 

example, the data, the incidence, symptoms or object. 

4. Used for certain purposes, such as analysis, monitoring or 

management. 

Most of the GIS using the concept of "layer" (layer). Each 
layer represents a geographic feature in the same area and then 

all the layers are stacked with each other to get complete 

information. Each layer can be thought of as a transparent 

plastic containing only certain images. Users can select the 

desired transparent-transparent and then superimposed each 

other so that would be obtained image is a combination of a 

number of transparent. 

B. Earthquake 

Earthquake / earthquake is a vibration or shock that occurs 

in the earth's surface due to the release of energy from the 

sudden that creates seismic waves. Normal earthquakes caused 

by the movement of the earth's crust (tectonic plates). 

Frequency region, referring to the type and scale of 

earthquakes experienced over a period of time. 

Earthquakes are measured using observations from 

seismometers. The moment magnitude is the most common 

scale on which earthquakes larger than approximately 5 are 
reported for the entire globe. The more numerous earthquakes 

smaller than magnitude 5 reported by national seismological 

observatories are measured mostly on the local magnitude 

scale, also referred to as the Richter scale. These two scales 

are numerically similar over their range of validity. Magnitude 

3 or lower earthquakes are mostly almost imperceptible or 

weak and magnitude 7 and over potentially causes serious 

damage over larger areas, depending on their depth. The 

largest earthquakes in historic times have been of magnitude 

slightly over 9, although there is no limit to the possible 

magnitude. The most recent large earthquake of magnitude 9.0 

or larger was a 9.0 magnitude earthquake in Japan in 2011 (as 

of October 2012), and it was the largest Japanese earthquake 

since records began. Intensity of shaking is measured on the 

modified Mercalli scale. The shallower an earthquake, the 
more damage to structures it causes, all else being equal. 

C. Google Maps 

Google Maps is a web mapping service application and 
technology provided by Google, powering many map-based 
services, including the Google Maps website, Google Ride 
Finder, Google Transit,[12] and maps embedded on third-party 
websites via the Google Maps API.[12] It offers street maps 
and a route planner for traveling by foot, car, bike (beta), or 
with public transportation. It also includes a locator for urban 
businesses in numerous countries around the world. Google 
Maps satellite images are not updated in real time, however, 
Google adds data to their Primary Database on a regular basis, 
most of the images are no more than 3 years old.  

Like many other Google web applications, Google Maps uses 

JavaScript extensively.[13] As the user drags the map, the grid 

squares are downloaded from the server and inserted into the 

page. When a user searches for a business, the results are 

downloaded in the background for insertion into the side panel 

and map; the page is not reloaded. Locations are drawn 

dynamically by positioning a red pin (composed of several 

partially transparent PNGs) on top of the map images. A 
hidden iFrame with form submission is used because it 

preserves browser history. The site also uses JSON for data 

transfer rather than XML, for performance reasons. These 

techniques both fall under the broad Ajax umbrella. The result 

is termed a slippy map[13] and is implemented elsewhere in 

projects like OpenLayers 

III. RESEARCH APPROACH 

A. Requirement Analysis 

The information about natural disaster, especially earthquake, 

is handled by Meteorology, Climatology and Geophysics 
(BMKG) Office. BMKG has several agencies in the areas of 

seismicity which aims to help inform the earthquake in 

Indonesia.  One of the related office is Volcanology and 

Geological Hazard Mitigation (PVMBG) in Bandung. 

PVMBG already built a web-based information system about 

earthquake, which can access through the address 

http://www.vsi.esdm.go.id.  

The web site consist three (3) contents which are about 

earthquake, the earthquake and map of publication. 

The first step in this research is exploring the website and 

conducting an interview on the Center for Volcanology and 
Geological Hazard Mitigation (PVMBG).   After exploring the 

existing system we found some problems, such as: 

1. The existing website of earthquake could not 

accommodate all the required information because there 

are many tools that could not executed. 

2. Geospatial data that is not managed properly so that the 

news delivered incomplete, both in mapping and news 

content. 

http://en.wikipedia.org/wiki/Spatial_data_infrastructure
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3. There is no content mapping in detail is shown with a 

particular coloration to indicate areas prone to 

earthquakes are grouped according to the districts in 
Indonesia. 

To resolve this problem, we try to develop new system using 

GIS technology to create the map of earthquake in Indonesia. 

The map will display the earthquake information statistically 

and accompany with some detail information for each 

earthquake event such as magnitude and the damage caused by 

earthquake.  

The system is expected can provide information to the people 

and supported by the main contents such as: 

1. Breaking news, information about recent earthquake. 

2. Maps and Information, information about the  region in 

Indonesia that have experienced earthquakes since 1629-
now in spatial format.  

3. Each area that have experienced earthquakes is marked with 

a dot on a map, and the news is displayed bellow.  

4. The area which has more frequent earthquake is marked 

with specific colors.  

Spatial data contained on this map was made using GIS 

quantum. The new system is expected to run better than the 

previous, its can provide accurate information to the users and 

can expand for more feature and facility in the future. 

B. System Design 

Based on requirement that has defined above, we design the 

system and present it using some diagram such as Data Flow 

Diagram for process modeling and ER Diagram to present the 

data model.  

The highest level of DFD shows two external entity which 

involved in this system, Admin as system administrator and 

the user. The user can be anyone who can access the website. 
User can view the content, send the comment and read the 

comment respond.  Admin has responsible to keep the data up 

to date and reply the comment from users.  

 

Sistem Informasi 

Geografis (SIG) 

Pemetaan Daerah 

Rawan Gempa Bumi 

Admin User 

data_content

data_admin

username, password

balasan_komentar

data_user, komentar

pesan_verifikasi

data_user

komentar

balasan_komentar

data_content

 
Figure 1.  DCD System 

 

As derived process from DCD we define four main process 

which are manage admin data, manage content, manage 

shoutbox (comments) and manage the category( of the news).  

We define the data and the news which entered to the system 

as the content for simplifying the process.  
 

1.0

Kelola Data 

Admin

2.0

Kelola Content

3.0

Kelola Shoutbox

4.0

Kelola Kategori

Admin

User

data_admin

username, password

pesan_verifikasi

info_content

content_pilihan

balasan_shoutbox

data_user

kategori_pilihan

info_kategori

data_user

status_shoutbox

balasan_shoutbox

data_kategori

data_content

 
Figure 2. Data Flow Diagram Level 0 

Based on data element defined in DFD, we build the data 

model and present it on ER Diagram as shown on Figure 3.  

The diagram consists of 6 entities and the earthquake 

information is put on “titik gempa” or the center of 

earthquake.  

 

ADMIN menyajikan

menyajikan

Berita

Kota

memilikiTitikGempa

Komentarmemiliki

kedalaman

titikkoordinat

id_berita

id_kategori

username

judul

judul_seo

tanggalgempa waktugempa

isi_berita

isi_komentar

id_berita

id_komentar

nama_komentar

url

jam_komentar

tanggal

aktif

Deskripsi

NamaKota

KotaID

Lat

Longitude

Tanggal

TitikID

Lat

Longitude

Tahun

NamaTitik

Magnitude

Kedalaman

Deskripsi

KotaID

M

I

I M

I

M

I

M

M

Kategori

id_kategori

nama_kategori

kategori_seo

aktif

memiliki
I

 
Figure 3 ER Diagram 

 

The next step is transforming the ER Diagram to become the 

table relationship diagram.  To support the system we use 6 

table as describe in figure 4. 
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Tabel Admin

username*

password

e-mail

nama_lengkap

level

no_telp

id_session

blokir

Tabel Berita

KotaID**

id_kategori**

id_berita*

judul

judul_seo

isi_berita

jam

tanggal

hari

gambar

dibaca

Tabel Komentar

aktif

tgl_komentar

isi_komentar

url

nama_komentar

id_berita**

id_komentar*

Tabel Kategori

id_kategori*

aktif

kategori_seo

nama_kategori

Keterangan :
* : primary key
** : secondary key

: one to one
: one two many

username**

Tabel Kota

KotaID*

NamaKota

Longitude

Deskripsi

Lat

Tabel TitikGempa

NamaTitik

KotaID**

TitikID*

Longitude

Lat

Deskripsi

Kedalaman

Magnitude

 
Figure 4 Table Relation 

 

The website was developed using CMS approach so the admin 

can manage the content easily.  As an admin, we can manage 

the content using main panel as shown in Figure 5 

 

 
Figure 5.  Main Panel for Content Management 

 

Admin can input the earthquake data using the panel as shown 

in figure 6. The panel shows the city, earthquake epicenter and 

the impact of earthquake into human or environment 

 

 

Figure 6. Main Panel for Earthquake Events 

Users can see all information in one page that consists of 

recent news, video, image and comments according to 

earthquake events (figure 7). Users also can explore more 

using advanced menu such as display the map, searching the 
data (figure 8) and download the interest file. 

The system also can show the area which has specific range of 

earthquake event, for example, we classify the area as high 

risk earthquake prone, middle, and low based on history of 

earthquake event in the certain area.  Figure 9 show the map 

 

 
 

Figure 7. Main Menu for Users 



Proceeding Conference on Applied Electromagnetic Technology (AEMT)  

Lombok, 11 - 15 April 

 

138 

 

 
Figure 8. Searching Facility 

 

 
 

Figure 9. Map of earthquake region 

 

The data using in this application is entered manually and 

based on past information. If the system already installed and 

hosted, we can add some additional features such as connected 

with earthquake station or detector so the data can update 

automatically.  The system also not include tsunami prediction 
because of mainly tsunami is caused by high magnitude of 

earthquake which has epicenter in ocean area. In this 

application we focused on mapping the area that has more 

frequent earthquake so the people can make consideration in 

planning and building the infrastructure in the specific area. 

CONCLUSION 

Based on implementation of GIS Application in mapping the 

earthquake prone areas in Indonesia, we can conclude some 

interesting issue as follow: 

1. We can make a Geographic Information Systems (GIS) 

Mapping Earthquake Prone by using maps that have been 

digitized and provide features which include the 
provincial earthquake, year and magnitude , as well as 

showing seismic area with coloring based on the amount 

of the number of earthquakes that have occurred in the 

area. 

2. Digitizing the map is done using Quantum GIS to create, 

store and process spatial data. The data then is stored in 

MySQL as textual database and using Google Maps API 

as supported tools to present the spatial data easily. 

3. The website can display the information about earthquake 

more detail because it has news, video and has equipped 

with searching facility and the earthquake event for each 
area which categorized based on frequency. It expected to 

help the user to know which area with high risk of 

earthquake. 

In the future, we can explore and expand the features of this 

website by adding some integrated data such as data from 

satellite, completing missed earthquake information, and 

keeping the data up to date so it can be important reference for 

the citizen. 
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