
EUMETSAT SATELLITE APPLICATION COURSE 

MUSCAT, 16 FEBRUARY 2013 

DR.FAUZI-IOC-UNESCO 

F.FAUZI@UNESCO.ORG 

Satellite as a tool in  

Tsunami Early Warning system 



2 



Question  

1. Satellite: tool of communication or as a sensor 

2. Can we use satellite as a sensor to detect tsunami ? 

3. If it can, how long it takes to get the latest image ?  

4. Otherwise, satellite is only a tool of communication 

in tsunami early warning system. 
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Outline  

1. Satellite : for communication or for sensor 

2. Early Warning System (EWS) 

3. Tsunami generation 

4. Tsunami Early Warning System 

5. Dissemination system and controling 

 



Detect and Monitors the Natural phenomena 

Extreme 

Response in timely manner 

Precursor 

(Early Warning) 

Before During After 



Early warning system (Ref: UN-ISDR) 

The provision of timely and effective information, 

through identified institutions, that allows 

individuals exposed to a hazard to take action to 

avoid or reduce their risk and prepare for 

effective response.  

Early warning systems include a chain of concerns, 

namely: understanding and mapping the hazard, 

monitoring and forecasting impending events, 

processing and disseminating understandable 

warnings to political authorities and the 

population, and undertaking appropriate and timely 

actions in response to the warnings. 
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END to END SYSTEM 

Response and 

Preparedness 

Capacity in critical condition 

Early Warning System 

Forecasting 

Detection/ 

Monitoring  

Dissemination 

• Receive early warning 

• Understand warning 

• Interpret the warning 

• Rapid decision making 

and reaction 

• Mobilization: 

• People 

• Local officers 

• Logistics 

• Temporary shelters 

• 1st aid 

• Life support 

• Water and sanitation 

• Communication  

Synchronisation  

upstream - downstream 

Emergency 

Response 
Community 

Preparedness 

Public  

Education 

Evacuation plan 



Field stress along the plate collision 



Bottom pressure 

gauge 

Buoy 

Satellite 

Tide gauge 
GPS 

??? 

Tsunami Warning System 

3.Sea Level 

and GPS 

Siren 

TSUNAMI 

WARNING 

CENTER 



Which earthquake generates 

tsunami 

• Earthquake with 

Magnitude >6.5 

• Below the sea 

• Depth < 70km. 

• Mostly with vertical 

dislocation 

 

Mean Sea Level 



霧峰光復國中

攝影：黃慈銘
1999/09/25

Chi-Chi, Taiwan 

Earthquake, 1999 



Satellite image before and  after 

Tsunami Aceh (Sumatra) 26 December 2004 

Images © DigitalGlobe  

http://www.digitalglobe.com/


Tectonic of Makran subduction zone 
 Ref: Mohammad Heidarzadeh et al 2008 



Historical earthquake 
Ref: Mohammad Heidarzadeh et al 2008 





MAKRAN 

Subduction 

zone 

1 hour 

30 min 

Simulated event 

Local Tsunami Threat 

5cm/year 



Abrupt change, physics of the earth 

(<30mnt) after the large 

earthquake generated tsunami 

• Deformation of the ground 

• Strong shaking  (>1mnt) 

• Change of water pressure at the 
bottom and surface 

• Could be sea water receding at 
the beach 

• Low sound of explosion or 
rumble from the sea 

• Tsunami 

Near field 

• Seismic wave 

•  Could be sea water 

receding at the 

beach 

• Tsunami 

propagation, change 

of water pressure at 

the bottom and 

surface  

• Tsunami 

Far field 



Measurement or detection 

• Deformation 

• Strong shaking or seismic 
wave  

• Change of water pressure at 
the bottom and the surface 

• Change of sea level at the 
beach 

• Rumble sound 

Phenomena 

• GPS (Global 

Positioning System) 

• Strongmotion 

seismograph 

• Seismograph 

• DART-buoy, wave 

radar  

• Tide Gauge  

• Infrasound 

Sensors 



Satellite as a tool in Tsunami Early Warning 

Early stage 

(before tsunami arrives in 

the coast) 

Observation Information 

for decision 

• Sea level surface height 

• Earth deformation  

Dissemination system 

• Dissemination of early 

warning messages 

 

 

Post event 

(After tsunami arrives in 

the coast) 

Observation  Emergency 

response  

• Earth deformation 

 

Dissemination system 

• Dissemination of 

information 
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Network of seismic 

sensors 

20 

21 Broadband stations 
 

• 7 BB in Operational 
  
•10 Short period in operational, 
upgrade into BB and 3 data loggers  
• 1 CTBTO stations 

• Implementation starts in  

December 2012  

for 10 months 



•  7 new stations 
•  3 current stations 

Near real time data  

are available in GTS 

-1 minute sampling rate 

- 5 minutes transmission 

Start operation  

in December 2012 



  

GPS network 

4 at Tide Gauge 

6 at Meteo 

stations 

Current station 

• Implementation starts 

    in  December 2012        

    for 10 months 

New stations 



   

Wave Radar  

Co-located with sea level 

Stations. 

the exact locations will be 

assessed to obtain 

the best capability 

5 Wave Radar stations 



SEISMIC Buoys Tide Gauges WR GPS 

Sensor System Integration 

Simulation 
System 

Risk- & Vulnerability 
Modelling 

Geospatial  
Data Repository 

Situation Assessment and  
Decision Support 

Open Architecture of Tsunami Warning Center 

Processing 

Sensors 

Dissemination 

System  

 Tsunami 

Scenario 

Aggregation 

Earth 

Observation 



Time line of tsunami warning 

 

Earthquake 

T1=5m 

T2=6m 

0 

t5 

FIRST WARNING 

ESTIMATION OF THE THREAT 

FIRST OBSERVATION  

END OF THREAT 

SECOND OBSERVATION 

FIRST UPDATING 

SECOND UPDATING 

THIRD OBSERVATION 

Bulletin no 1 

Bulletin no 2 

Bulletin no 3.1 

Bulletin no 3.2 

Bulletin no 3.3 

Bulletin no 4 

t0 

T3=20m 

t4 

t6 

Seismic 

Tsunami  

scenario 

Tide gauge 

Buoy 

GPS 



NMHEW-Center 

WARNING CHAIN WP4 

SMS Ph/FAX WEB EMAIL TCP/IP TOOLS 

INTERFACE  

INSTITUTION 

NEMC 

(NCCD) TV/Radio 
Will be 

determined 

PUBLIC at RISK 

ADDITIONAL TOOLS 

? ? ? 



Network of dissemination monitoring 
(Indonesia TEWS) 

INTERNAL Government Military  Media Misc 

Not working 



Satellite 

provider 

SMS 

Server  

EWS 

Web Server 

Dissemination 

Server 

Automatic 

Automatic 

DVB  

components 

Digital Video Broadcasting System (DVB) 

And dissemination control 

Transmit the web content  

to remote area 

DVB monitoring center 

GSM 

modem 

SMS 

GSM 

modem 



Question  

1. Satellite: tool of communication or as a sensor 

2. Can we use satellite as a sensor to detect tsunami ? 

3. If it can, how long it takes to get the latest image ?  

4. Otherwise, satellite is only a tool of communication 

in tsunami early warning system. 
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