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• Detects signals; categorises earthquakes / 
events; analyses hydroacoustic data; 
calculates tsunami size

• End-to-end analysis is typically delivered within 
8 min, if the hydrophone is within 1,000 km 
distance

Operational Software: Global Real-time Early Assessment of Tsunami (GREAT)

• Operates automatically, and manually (after 
training)

• Hydrophones & Tide-gauges data are already 
integrated; other data sources can be 
integrated, e.g., seismic/GNSS, SMART cables, 
... 

O5.2-076

Detect  Analyse  Disseminate

M 7.9 - 2018 261 km SE of Chiniak, Alaska Earthquake  2018-01-23 09:31:40 (UTC)

• Provides initial assessment based on EQ epicentre, sensors’ locations, and required evacuation time.



Access to IMS/CTBTO Real-Time Hydroacoustic Data
Software deployed at IPMA June 2024 Real-time access

Cardiff University Tsunami Centre, UK
Assess Tsunami globally & benefits coastal 
communities, especially SIDS and LDCs

e-mail Alerts

Live streaming



E-mail alert message

Join GREAT mailing list



General Activities

Tsunami-Ready | New Collaborations



Central Command (Tsunami Ready)
Badung, Bali, January 2026

Meeting with local communities



Central Command (Tsunami Ready)
Badung, Bali, January 2026

Meeting with local communities



Universiti Putra Malaysia (Dec 2025 - Jan 2026) Short Sabbatical

- Current IAA KEPS funding; collaboration includes: 
(a) optimisation; (b) ML; (c) flooding

(Host: Prof. Aduwati Sali)



Tsunami flume

Water tank

National water research institute
Hydraulic & instrumentation lab

- Potential collaborations



MET Malaysia January 2026)

- Optimisation of hydrophone locations



Towards hydrophone deployment – optimisation
(Tsunami, Hurricanes, Flooding)

Scientific considerations

• Target end-to-end 
analysis time

• Optimal signal to noise 
ratio

• Near-/Far-field warning 

Constraints

• Deployment costs

• Logistics limitations

• Political limitations

Citation: Moon, W.C.; Sidek, L.M.; Lau, T.L.; Puay, H.T.; Majid, T.A.; Wahab, A.K.A.; Teo, F.Y. A Shared Vision on the 2004 Indian Ocean Tsunami in Malaysia: Hazard Assessments, Post-Disaster 
Measures and Research. J. Mar. Sci. Eng. 2022, 10, 1088. https://doi.org/10.3390/jmse10081088 

https://doi.org/10.3390/jmse10081088






M 9.1

• Over confidence can be deadly!



Event examples

Kota Belud, Malaysia 2026



Results: recent real-time analysis
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Event examples

Cabra, Philippines 2022



Results: recent real-time analysis
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Global Real-time Early Assessment of Tsunami

Required Hydroacoustic Network



• One hydrophone cost ~ USD 10k-15k 
• + deep deployment and associated costs (incl. optimisation) => total cost USD 70k-100k 



First Ocean Decade Tsunami Programme Conference & 
The International Tsunami Symposium, Hyderabad, India (November, 2025)
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Towards Indian Ocean hydrophone deployment 
(in collaboration with INCOIS)



Hydrophone deployment optimisation location
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Bay of Bengal
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(Warning time = Tsunami travel time – Acoustic travel time)
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Andaman Sea
Hydrophone location: Diego Garcia (HA08)

HA08 <30 min



Andaman Sea
Virtual hydrophone location: North Andaman

North
Andaman



Andaman Islands
Hydrophone locations: 

Deago Garcia (H08), North & South Andaman, Great Nicobar

South
Andaman

Great Nicobar

North
Andaman



Indonesia, Sumatra Coastline
Hydrophone location: Diego Garcia (HA08)

HA08

<10 min

<30 min



Indonesia, Sumatra Coastline
Virtual hydrophone location: North Sumatra

North
Sumatra

<30 min



Indonesia, Sumatra Coastline
Virtual hydrophone location: South Sumatra

South
Sumatra

<30 min



South Atlantic (South American coast)
CTBTO Hydrophones: H09 & H10

H09

H10



South Atlantic (West African coast)
CTBTO Hydrophones: H09 & H10

H09

H10



Landslides

R. Omira, M.A. Baptista, R. Quartau et al. Earth and Planetary Science Letters 578 (2022) 117333

R.S. RamalhoR. Omira & J. Kim (UKRA IAA project)



Landslides

- Lack of hydrophone data prevents reliable testing of GREAT with landslides

- The alternative: simulations (in collaboration with IPMA)
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• GeoClaw uses an incompressible Boussinesq equation  cannot generate the acoustic signals 



Landslides

- Lack of hydrophone data prevents reliable testing of GREAT with landslides

- The alternative: simulations (in collaboration with IPMA)
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Landslide example

Transect



The acoustic modes appear as expected



Inverse model results

• Preliminary results are promising  next generation of ML could include landslides

• A side note: we derived a compressible Boussinesq equation with the objective to help implementing 
it in GeoClaw & FunWave



Machine Learning

• Looking to integrating Satellite data

• Next generation of ML could include landslides

• Random forest classifier was demonstrated recently (independently) with accuracy of 95%

• Improvements by: 
(1) Feature extraction (physics-based) 
(2) Improving quality of data



Conclusions

• Our operational software (GREAT) has been running in real-time since June 2024. 

• An end-to-end analysis can be made within 8 min on average if a hydroacoustic 
station was within 1,000 km.

• Acoustic technology can be used for seismic and non-seismic sources – preliminary 
results for Landslides are promising.

• Current ML is 95% accurate & next generation to include landslides.

• Tsunamis in South China, Sulu, and Celebes sea can be devastating.

• Optimisation of hydrophone deployments; new collaborations with UPM (with MET 
Malaysia) & INCOIS.

• North/South Andaman islands hydrophone deployment can increase evacuation time 
substantially.

• Future collaboration with BMKG; optimisation of hydrophone deployment along the 
Indonesian coast is crucial.

Join GREAT mailing list



Thank You


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49

