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Real-time Tsunami Detection by Acoustic-Gravity Waves
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Operational Software: Global Real-time Early Assessment of Tsunami (GREAT)

Detect - Analyse - Disseminate

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

. . M 7.9 - 2018 261 km SE of Chiniak, Alaska Earth ke 2018-01-23 09:31:40 (UTC
Detects signals; categorises earthquakes / m SE of Chiniak, Alaska Earthquake (UTC)
events; analyses hydroacoustic data;

Earthquake

calculates tsunami size

End-to-end analysis is typically delivered within S=m=
8 min, if the hydrophone is within 1,000 km E 3
distance

Operates automatically, and manually (after
training)

Hydrophones & Tide-gauges data are already
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integrated; other data sources can be > ity
integrated, e.g., seismic/GNSS, SMART cables, [ L e Yorlans e




Access to IMS/CTBTO Real-Time Hydroacoustic Data

Software deployed at IPMA June 2024 Real-time access
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. . . . Assess Tsunami globally & benefits coastal
Cardiff University Tsunami Centre, UK communities, especially SIDS and LDCs
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E-mail alert message

datainnovation.cardiff@gmail.com
MOLUKKA SEA - M6.7 - GREAT TSUNAMI ALERT
To: GREAT Email List

External email to Cardiff University - Take care when replying/opening attachments or links.
Nid ebost mewnol o Brifysgol Caerdydd yw hwn - Cymerwch ofal wrth ateb/agor atodiadau neu
ddolenni.

GREAT TSUNAMI ALERT - MESSAGE 3

Global Real-time Early Assessment of Tsunami (GREAT) System
Issued by: GREAT Monitoring Center, Cardiff University, UK
Date and Time: 10/01/2026 16:22:13 UTC

IMPORTANT NOTICE

This alert is distributed solely for informational purposes to support the GREAT tsunami early
assessment initiative. It is provided to assist national authorities in evaluating risk; each country should
determine its own alert level and may supplement this message with additional local guidance.

PRELIMINARY EARTHQUAKE DATA (Source: USGS)
* Magnitude: 6.7

* Event Date and Time: 2026-01-10 14:58:25 UTC

* Coordinates: 3.7° N, 127.1° E

* Location: Molukka Sea

CURRENT EVALUATION

A seismic event registering a preliminary magnitude of 6.7 was recorded in Molukka Sea region on
date and time: 2026-01-10 14:58:25 UTC. Hydroacoustic data recorded at station H11S1 on
10/01/2026 at 15:49:37 UTC was analysed using GREAT.

==> Our MACHINE LEARNING analysis does not indicate an imminent tsunami risk associated with
this event.

==> Our ANALYTICAL analysis indicates an imminent tsunami risk associated with this event.

ADVICE TO AUTHORITIES
National authorities will determine the appropriate level of alert and the action that should be taken.

FUTURE UPDATES & ADDITIONAL INFORMATION

* This notice is intended as the only update for this event unless further data suggest a change in
conditions.

* For authoritative earthquake details, please refer to the U.S. Geological Survey at

* Further tsunami-related updates are available at our GREAT website: [url pending].

DISCLAIMER

The information provided in this alert is compiled from multiple data sources and is meant for early
situational awareness only. GREAT does not guarantee the timeliness, accuracy, or completeness of
this information. It is the responsibility of local and national agencies to verify details and disseminate
warnings appropriately.

To unsubscribe from these notifications, please send an email to

Direct Model Results




General Activities

Tsunami-Ready | New Collaborations



Meeting with local communities
Central Command (Tsunami Ready)
Badung, Bali, January 2026

(((TEST SIRINE TSUNAMI )
speak 3 [a 2
INDONESIA // BAL]IrI:lgE[gElEg/E/SENGLISH

anjungd B

fndones 2
21dy

Ke luraha”r
B-

P
-, sunami Re

IN CASE OF STRONG OR
LONG EARTHQUAKE OR
ANY OFFICIAL MESSAGE, GO TO
.THE 3%° FLOOR OR ABOVE OF THE*
NEAREST CONCRETE BUILDING

The recognition does ot imply approval or promise that & community can or will perform at
ool case of tsunami. Tsunami Ready recognition does not mean that a
S ESC OO racognizes that the community have bullt thelr
i dance o the agreed indicators of
hey will continue to maintain and

‘ensure the sustainability of this preparedness level.




Meeting with local communities Central Command (Tsunami Ready)
Badung, Bali, January 2026




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

- Current IAA KEPS funding; collaboration includes:
(a) optimisation; (b) ML; (c) flooding
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National water research institute
Hydraulic & instrumentation lab NAHRIM

INSTITUT PENYELIDIKAN AIR KEBANGSAAN MALAYSIA

- Potential collaborations
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MET Malaysia January 2026)

- Optimisation of hydrophone locations AF Tmalaysia




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

LONE 1 - High valnerable rane FONE 1 = No'low vulnerable zone

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

Scientific considerations

e Target end-to-end
analysis time

* Optimal signal to noise
ratio

* Near-/Far-field warning

Constraints

* Deployment costs
e Logistics limitations
* Political limitations


https://doi.org/10.3390/jmse10081088
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M 5.9 - 27 km W of Sangay, Philippines @

2026-01-28 06:47:00 (UTC) | 6.427°N123.796°E | 10.0 km depth

Direct Model Results
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M. o
7 km W of Sangay, Philippines

2026-01-28 06:47:00 (UTC) 6.427°N 123.796°E 10.0 km depth

e Over confidence can be deadly!

Mindanao

Laoag
Tabuk
Vigar
Davao(Cit
idapavar o Hagery
Zamboanga Baquio
2 City
Almines SCbaglian
Lamitan Tegiword Tarlac City
Bosil ~
Koronadal s Gapan

= Olongapos' Marila

() o

o Calamba'™”  Gueson.

{1 Tsunani Travel Tine

General Santos Sataguss Ly

o} Calapan™ b ilippines),. Legazp

e Sorsogon
Sandakan {1 Faults

-

() Cathalogan

Roxas
. Tacioban
(o] " 8ago
' Bacolod ormoc
Jonn e Cebu City

Bis)

Oro
Mindanao

Davao City
Tawal o
Kudat
ko L Kinabalu® Sandaka
Victorial  Keningau
Brunei
Malg
Tarakan Tarakan
Sibu  Kapit
Borneo

Gorontalo

Samarinda
Balikpapal
; Sulowesi
Banjarmasin =
Tomehon 20
Pare Kendari
Baubay £

Kotamobagu

em



Event examples

Kota Belud, Malaysia 2026



M 7.1 - 55 km NNW of Kota Belud, Malaysia

619.8 km depth

2026-02-22 16:57:46 (UTC)
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Event examples

Cabra, Philippines 2022
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Global Real-time Early Assessment of Tsunami

Required Hydroacoustic Network
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A Proposed hydrophone stations

-~ Wave height:



First Ocean Decade Tsunami Programme Conference &
The International Tsunami Symposium, Hyderabad, India (November, 2025)




Towards Indian Ocean hydrophone deployment

(in collaboration with INCOIS)
- W P R S




Hydrophone deployment optimisation location



Bay of Bengal
Hydrophone location: Diego Garcia (HAO08)

(Warning time = Tsunami travel time — Acoustic travel time)

Bay of Bengal / Hydrophone location: HAO8
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Bay of Bengal
Virtual hydrophone location: North Andaman

Bay of Bengal / Hydrophone location: North Andaman
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Bay of Bengal
Virtual hydrophone location: South Andaman

Bay of Bengal / Hydrophone location: South Andaman
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Andaman Sea
Hydrophone location: Diego Garcia (HAO08)

Andaman Sea / Hydrophone location: HAO8
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Andaman Sea
Virtual hydrophone location: North Andaman

Andaman Sea / Hydrophone location: North Andaman
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Andaman Islands
Hydrophone locations:
Deago Garcia (H08), North & South Andaman, Great Nicobar

Andaman Islands
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Indonesia, Sumatra Coastline
Hydrophone location: Diego Garcia (HAO08)

Warning time [min]
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Indonesia, Sumatra Coastline
Virtual hydrophone location: North Sumatra

Warning time [min]

Sumatra / Hydrophone location: North Sumatra
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Indonesia, Sumatra Coastline
Virtual hydrophone location: South Sumatra

Warning time [min]

Sumatra / Hydrophone location: South Sumatra
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South Atlantic (South American coast)
CTBTO Hydrophones: HO9 & H10

South America
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South Atlantic (West African coast)
CTBTO Hydrophones: HO9 & H10

West Africa
7001 —— HAO9
—— HAI1O0
600 -
'c 500
E
g 400
=
c
= 300
©
=
200 -
: i 100 A Luanda Accra
* ) Benguela Lagos
i i Walvis Bay Bata Conakry
o ! : Cape Town Libreville Freetown
s s i 5 Durban Cabinda Monrovia
i i 0 | ‘ | | ‘ | ‘
0 2000 4000 6000 8000 10000 12000

Distance from Durban (-29.44, 31.31) [km]



Instituto
Portugués
> do Mar e da
[ | Atmosfera

R. Omira & J. Kim

Landslides

(UKRA 1AA project)
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Landslides

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

- The alternative: simulations (in collaboration with IPMA)

Simulations Aco

(GeoClaw) gN3a
Assess Inverse oE A
tsunami model

ML
model

* 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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The acoustic modes appear as expected

o Probe 1 (dt = 0.002s}; x = 500 m Time=0 s Surface: Dependent variable u, first time derivative (1/s)
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Inverse model results
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* Preliminary results are promising = next generation of ML could include landslides

* Aside note: we derived a compressible Boussinesq equation with the objective to help implementing
it in GeoClaw & FunWave




Machine Learning

Random forest classifier was demonstrated recently (independently) with accuracy of 95%
Improvements by:

(1) Feature extraction (physics-based)

(2) Improving quality of data
Looking to integrating Satellite data

Next generation of ML could include landslides



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 1s 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 i1slands 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
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