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1.1. INTRODUCTIONINTRODUCTION
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The Indonesian region very 
complicated plates convergence : 
subduction, collision, back-arc 
thrusting, back-arc and opening 
faults

Moving relatively to each other 
• the India-Australia plate :

moving northward 
• the Philippine sea plate :  

moving west-
northwestward. 

• the Caroline plate : moving 
east-southeastward (near
Aru) and west-
northwestward (near Yap 
trench)

Every year about 460
earthquakes (M > 4.0 )

Tectonic Setting and Tectonic Setting and SeismicitySeismicity of Indonesiaof Indonesia
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Earthquake and Tsunami HistoryEarthquake and Tsunami History

EARTHQUAKE WITH M ≥ 7.0 RS
IN INDONESIA, 1900 - 2004

EARTHQUAKE WITH M ≥ 7.0 RS
IN INDONESIA, 1900 - 2004

A. TOTAL : 212

B. IN THE SEA : 182  ( 86 % )

C. SHALLOW IN THE SEA : 153 ( 72 % )

D. GENERATED TSUNAMI) : 86 ( 40 % )

A. TOTAL : 212

B. IN THE SEA : 182  ( 86 % )

C. SHALLOW IN THE SEA : 153 ( 72 % )

D. GENERATED TSUNAMI) : 86 ( 40 % )
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Tsunami Impact on Cities in IndonesiaTsunami Impact on Cities in Indonesia

1.1. Banda AcehBanda Aceh
2. Medan
3.3. PadangPadang
4.4. BengkuluBengkulu
5.5. LampungLampung

6.6. JogjakartaJogjakarta
7.7. DenpasarDenpasar
8.8. MataranMataran
9.9. KupangKupang

10.10. MakassarMakassar
11.11. ManadoManado
12.12. AmbonAmbon
13.13. JayapuraJayapura
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2. Lesson Learned from 2. Lesson Learned from 
Tsunami and Tsunami and 

Earthquake DisasterEarthquake Disaster
Tsunami Banda Aceh : Sunday, 26 December 2004

Tsunami Pangandaran : Monday, 17 July 2006
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AcehAceh Tsunami : a brief reminder Tsunami : a brief reminder 

• 132,000 confirmed dead
• 37,000 missing
• 572,000 displaced
• 1.3 million homes and buildings 

destroyed
• 8 ports and 4 fuel deports 

damaged
• 85% of the water and 92% of 

the sanitation system broke 
down

• 120 km of roads and 18 main 
bridges demolished

• total losses amount to US$ 4.5 
billion, which represents 2.2%
of National GDP and 97% of 
Aceh’s GDP
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thethe causescauses

Catastrophic earthquake
Scale 9 with shallow epicenter offshore
Very strong ground shaking for 4 minutes felt in 
many areas
People moved out of their houses out of fear

Followed by a tsunami
Wave height ranging from 4 – 35 m
Most people have never seen such calamity in their 
lives
Did not know what to do – chaotic
No warning was issued
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What remains What remains 
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Main and aftershocks, 17 Main and aftershocks, 17 JuliJuli 2006 : 2006 : BMGBMG
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1994/6/2

1904/9/7
1957/9/26

1951/9/11

1859/10/20
2006/7/17
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Why did it take so 
many lives ?

Victims of earthquake and tsunamiVictims of earthquake and tsunami
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1 Many people did not feel the earthquakeMany people did not feel the earthquake

Very slow

A little slow(1-
2km/s)

High (2-3km/s)

Rupture 
velocity

NoneNoneSlow slip

GeneratedModerate

Tsunami 
earthquake
(at sea 
bottom)

GeneratedHighEarthquake

Tsunami
Seismic 

wave 
radiation

Type

Tiga jenis gempa bumi

What is “tsunami-earthquake”?

Earthquake that generates higher tsunami 
than expected from seismic analysis.

Earthquake that coastal people do not feel 
but only tsunami attacks (ex. 1896 Sanriku
tsunami)

Implications: Earthquake that ruptures slowly so 
that seismic wave is not fully generated but 
tsunami is generated
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the recession of the sea phenomenon prior to 
tsunami were unnoticeable 

Coast at east of  Pangandaran at 
jam 15.30 WIB, 19 July 2006

2 Earthquake happened during the low tideEarthquake happened during the low tide
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6.70m+7:41:53.2S109:15:51.8EWidara Payung

4.69m7:41:37.6S108:39:06.0EPangandaran

7.67m7:41:01.2S108:36:43.3EBulak Laut

5.34m7:41:31.9S108:32:09.4EBatu Hiu

2.12m7:44:48.6S108:29:51.3EBatukaras

5.9m7:49:10.2S108:26:32.1E

3.67m7:48:56.0S108:24:09.9E

3.74m+7:45:52.8S108:03:35.7ESindangkerta

5.20m7:40:05.9S107:41:26.6EPameungpeuk

Inundation 
height

LatitudeLongitudeLocation

3 Generated tsunami waves were relatively highGenerated tsunami waves were relatively high
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Tsunami SimulationTsunami Simulation
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Wave heights along the southern coastWave heights along the southern coast
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Elevation < 10 m

4 Some coastal area have a moderate slope topographySome coastal area have a moderate slope topography
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5 Tourism areaTourism area
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24 Januari 2006 19 Juli 2006

West of West of PangandaranPangandaran
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6 Tsunami hit in late afternoonTsunami hit in late afternoon
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7 No warning was issuedNo warning was issued
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…… in response in response 

Ministry of Research and Technology responsible in 
coordinating various agencies in the Development of Tsunami
Warning Systems throughout Indonesia

BAKOSURTANALBPPT LAPAN LIPI BMGDKP

ESDM BAPPENASKOMINFODEPLUKLH
BAKORNAS PBP

ITB
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3. CURRENT STATUS OF INDONESIA 
Tsunami Early Warning Systems (Ina-TEWS) 
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Schematic Diagram of InaSchematic Diagram of Ina--TEWSTEWS

Sensing  Devices :
•Seismometer
•Accelerometer
•OBU :

- Seismometer
- Accelerometer
- Pressure

•GPS 

Transmit 
Data :
Bottom to 
Surface,
Surface 
to center 

Processing 
Center

Transmit 
Information :
SR/MMI
Location (LS+BT)
Depth
Time
Predict : Tsunami ? 

Recipients :
•Bakornas
•Satkorlak
•Satlak
•Media 

Geo Input

Recipients :
•Bakornas
•Satkorlak
•Satlak
•Media 

COMMUNITY

Target : 
• operational December 2008

• local government received warning 5 minutes after earthquake
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Roles of National and Local Government Roles of National and Local Government 

Structure Component Structure Component National GovernmentNational Government
Installation of sensing devicesInstallation of sensing devices
Data analysis and processing to produce warningData analysis and processing to produce warning
Warning dissemination to interface institutions (Local Warning dissemination to interface institutions (Local 
Government, Related Institutions and Media)Government, Related Institutions and Media)

Culture Component Culture Component Local GovernmentLocal Government
Disseminate warning to affected communityDisseminate warning to affected community
Ensure that community act properly Ensure that community act properly 
Increase community preparednessIncrease community preparedness
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Structure ComponentStructure Component

Seismometer : Seismometer : 67 / 160 units
Accelerometer : Accelerometer : 51 / 500 units
Sea surface monitoringSea surface monitoring

DARTDART--Buoy : Buoy : 1 / 22 units
Tide gauge : Tide gauge : 9 / 80 units

Crustal Movement Monitoring (GPS) : Crustal Movement Monitoring (GPS) : 13 / 40 units
Tsunami Database: Tsunami Database: 2 / 14 regions
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Seismometer Seismometer 
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TideTide‐‐gaugesgauges
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DARTDART‐‐buoy buoy 
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GPS GPS 
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Plan to install Continuous GPS ( 27 GPS near tide gauges and 10 GPS near Buoys)

Crustal Deformation MonitoringCrustal Deformation Monitoring
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Tsunami ModelingTsunami Modeling

1. The 1797 West Sumatran Tsunami
2. The 1818 Bali Tsunami
3. The 1820 Bima Tsunami
4. The 1833 Bengkulu Tsunami
5. The 1883 Krakatau Volc Tsunami
6. The 1935 North Sumatera Tsunami
7. The 1969 Mandar Tsunami 
8. The 1992 Flores Tsunami

16 of 109 tsunamis 
have been 
simulated

9. The 1994 East Java Tsunami
10. The  1996 Toli-Toli Tsunami
11. The 1996 Biak Tsunami
12. The 1998 PNG Tsunami
13. The 2000 Banggai Tsunami
14. The 2004 Aceh Tsunami
15. The 2005 Nias Tsunami
16. The 2006 Pangandaran Tsunami Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam

http://www.pirba.ristek.go.id

The 2004 Aceh TsunamiThe 2004 Aceh Tsunami

Latief, Aditya, Haris, (2005)

Tsunami Height Distribution

Tsunami 
Inundation
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Culture Culture ComponetComponet : Community Preparedness: Community Preparedness

Roles of Local Government
1. Ensure security of the sensing devices 
2. Develop risk maps and rescue scenario
3. Determine evacuation place
4. Construct signboards
5. Develop crisis center / command center
6. Conduct tsunami drill regularly
7. Develop siren systems
8. Determine / construct escape building / tsunami 

shelter
9. Develop spatial plans which taking into account 

disaster risk reduction
10. Develop school curricula on disaster risk reduction
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1. Ensure security of sensing devices1. Ensure security of sensing devices

Seismometer Accelerometer Tide-gauge

DART-Buoy
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2. Develop risk maps2. Develop risk maps

355,5Sanur
285,8Nusa Dua
445,7Kuta

406,0Bandara
427,9Jimbaran

Travel 
time

(minutes)

Wave Height
(meter)

Location

Courtesy: Hamzah Latief, et. al., 2006, 
Tsunami Research Group - ITB

Example: BaliExample: Bali

114.42 BT,-10.52 LS
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3. Determine evacuation place3. Determine evacuation place

TEMPAT 
EVAKUASI

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam

http://www.pirba.ristek.go.id

4. Construct signboards4. Construct signboards

Example in Bali
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5. Develop crisis center5. Develop crisis center

Example: Crisis Center in Jakarta
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Padang, 

26 Desember 2005

6. Conduct Tsunami Drill Regularly6. Conduct Tsunami Drill Regularly

Bali,

26 Desember 2006

26 December 2007: Banten

2008 :
Eastern 
Indonesia
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7. Develop Siren Network7. Develop Siren Network

Future Indonesian 
Siren Network
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8. Construct Escape Building 8. Construct Escape Building 



6

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

9. Spatial Plan which consider DRR9. Spatial Plan which consider DRR
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10. School Curricula10. School Curricula
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4. End4. End--toto--end Tsunami Simulation in end Tsunami Simulation in 
Padang City on 26 December 2005Padang City on 26 December 2005
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Tsunami Prone Area in the WorldTsunami Prone Area in the World

PADANG City

(Source : Geographica)
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Community PreparednessCommunity Preparedness

Tsunami in Indonesia are local type
• Generated very close to coastal communities
• Insufficient time to accurately assess the risk
• Less time to disseminate warnings and carry out orderly evacuation
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Seismological Summary of Seismological Summary of SumateraSumatera

Several big earthquake have been recorded in the West Coast of Sumatra (e.g. 1833, 1935 and 
2004) and initiated tsunami disaster. Based on paleo-tsunami research, the next big earthquake 
with tsunami is forecasted to occur at Padang

Padang

(Natawidjaya, 2002)
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Area : 694,96 km2

Inhabitants :    901.488 people

Coast length :   +/- 84 km

Number of surrounding rivers : 21

Geografical Position : 0°54’ - 1° 08’ S

Altitude : 0 – 10 m (60%)

Statistics of Padang CityStatistics of Padang City
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Public Education MaterialsPublic Education Materials
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National Media CampaignNational Media Campaign
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Local Media CampaignLocal Media Campaign
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Distributed Materials and Previous ExerciseDistributed Materials and Previous Exercise

Earthquake and tsunami drill

Hazard Map Evacuation Routes Learning media
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Increasing Awareness for Government OfficersIncreasing Awareness for Government Officers
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Workshop for Developing Evacuation MapWorkshop for Developing Evacuation Map
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TOT for Local Officers, Students, NGO and PublicTOT for Local Officers, Students, NGO and Public
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TOT for Local Officers, Students, NGO and PublicTOT for Local Officers, Students, NGO and Public
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Elevation of Padang CityElevation of Padang City

: 0-5 mdpl

: 5 – 10 mdpl

: 10 – 25 mdpl

: 25 – 100 mdpl

: > 100 mdpl

Safe Area:  > 5 mdpl

Mdpl: Meter diatas 
permukaan laut

: Zona Bahaya Tsunami

: Zona Waspada Tsunami

: Zona Aman Tsunami

: Zona Relokasi

: Zona Relokasi

Kogami 2005 Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
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Dokumentasi LIPI

Evacuation Map and Sign BoardsEvacuation Map and Sign Boards
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Evacuation Routes and Escape Building
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PUSAT KOTAJL. RADEN SALEH

INDARUNG

LUBUK BEGALUNG

TELUK BAYUR

SIMPANG HARU

BY PASS

KAMPUS UNAND

Evacuation Routes and Escape Building
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Evacuation Routes and Escape Building

ULAK KARANG

LAPAI

SITEBA

BY-PASS/BALAI BARU

TABING/AIR TAWAR

BY-PASS

TUNGGUL HITAM

RAWANG PANJANG
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Evacuation Routes and Escape Building

BEBERAPA JALUR DAN TITIK EVAKUASI
SUMBER: Dinas Prasarana Jalan Propinsi Sumbar

SIMPANG 
KALUMPANG

LUBUK 
MINTURUN

BY PASS

BY PASS

BY PASS

LUBUK BUAYA

ANAK AIR

PARAK BURUAK

SIMPANG 
LALANG

SIMPANG 
TABING

SIMPANG DUKU
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DTM of DTM of PadangPadang
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People went to the 
designed evacuation 
place (Pangilun
Mountain)  

Activities at the 
Evacuation Place

Sending warning from National Center (BMG) to 
Major of Padang City (Authorized person) by 
Pushing Red Button

Commemoration of OneCommemoration of One--year Tsunami Disasteryear Tsunami Disaster
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System for sea level monitoring in 
Padang has been established and 
directly connected with BMG on real 
time basis for tsunami warning 
confirmation.

RealReal--time Seatime Sea--level Monitoringlevel Monitoring
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Terjadi gempa kuat 26 Desember 2005; 09.16 WIB; 125 km barat
daya Kota Padang. 

Potensi timbulkan tsunami, segera tinggalkan pantai Kota Padang
dan sekitarnya. (BMG)

Message Content via SMS :

A strong earthquake has occurred on December 26, 2005; 09.16 WIB; 
125 km South-West of Padang City

It potentially can trigger tsunami, please evacuate yourself immediately 
from coasts of Padang City and its surrounding

Tsunami WarningTsunami Warning
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From National Center (BMG-Jakarta) to Major of Padang via SMS

From Major of Padang to Critical Posts by Siren, HT, Local 
Communication. The Critical Posts include:

• The Center of Operational Control

• Fire Brigade

• Police

• Indonesian Red Cross

• Mosques

• Churches

Dissemination of Warning InformationDissemination of Warning Information
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SUASANA SAAT SIMULASI EVAKUASI TSUNAMI
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5. End5. End--toto--end Tsunami Simulation in end Tsunami Simulation in 
Denpasar City, Bali, on 26 December Denpasar City, Bali, on 26 December 

20062006
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1. TOT  1. TOT  for Related Officersfor Related Officers

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

2. 2. TableTopTableTop SimulationSimulation

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

3. 3. SignbordsSignbords

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

4. 4. Media CampaignMedia Campaign

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

6. 6. RehearsalRehearsal

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

7. 7. Actual Tsunami DrillActual Tsunami Drill

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

6. Skenario for Banten 6. Skenario for Banten 
Tsunami Simulation Tsunami Simulation 

Banten, 26 December 2007Banten, 26 December 2007

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

Earthquake ScenarioEarthquake Scenario

Earthquake :
• Magnitude : 7.5 
• Epicenter: 
6.5oLS-105 oBT 
Depth: 20 km 
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Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

Followed by Tsunami Followed by Tsunami ……..

• Arrival time: 45 minutes (at 
Kecamatan  Anyer and 50-
55 minutes at Kecamatan  
Ciwandan and Kec 
Citangkil. 

• Wave height: 2 – 4 meters

Time Series Elevasi tsunami di :
1. Serang
2. Cilegon
3. Merak

Kasus Mw=8.0

Sumber Tsunami Mw=8.0

Tinggi Maksimum Tsunami 
Mw=8.5

Travel time and Inundation D2

Peta Rendaman Daerah 2
Peta Rendaman Daerah 1

7. Plan for the Launching of 
Ina-TEWS

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

ICTW = International Conference on Tsunami Warning

ACDR = Asian Conference on Disaster Reduction

Venue : Westin Hotel, Nusa Dua – Bali

Inaugurated by President of Indonesia

Monday ,Monday , Desember 14,Desember 14, 20072007PIRBA Pusat Informasi Riset Bencana Alam
http://www.pirba.ristek.go.id

Thank YouThank You

ClosureClosure


