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New methods for tsunami warning

m New types of tsunami observations

m Estimation of tsunami source

O From sea level data
O From GPS(GNSS) data

O From ionospheric data

m Data assimilation
O Bottom pressure data

OO0 Radar data

m Atmospheric pressure waves



Coastal Tide Gauges
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Tsunami Observation Systems

Coastal Offshore Deep ocean
acoustic _
or rader GPS wave gauge to satellite DART
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Tsunami Observation Systems

Bottom Pressure Gauges
on submarine cables
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DART buoys (NOAA)
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Satellite Altimetry Data
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Coastal HF (high-frequency) radar
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lonospheric disturbances
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lonospheric disturbances

Simulation
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Tsunami and GNSS observation systems
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REGARD(the Real-time GEONET Analysis system for

Rapid Deformation monitoring)
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REGARD(the Real-time GEONET Analysis system for
Rapid Deformation monitoring)
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Real-time Inversion or Data Assimilation
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DART Data Assimilation by US NOAA
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Source inversion and data assimilation
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tFISH: tsunami Forecasting based on
Inversion for initial sea-Surface Height

10 min after the earthquake occurrence

Synthetic wavefield

Forecasting without S-net (11 March 2011
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tFISH: tsunami Forecasting based on
Inversion for initial sea-Surface Height

10 min after the earthquake occurrence

Forecasting with S-net (Present)
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Tsunami early warning using data assimilation
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Cascadia array recorded tsunamis from
the 2012 Haida Gwaii earthquake
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Data Assimilation

Data—assimilated wave field
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Wave field from slip distribution
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Data Assimilation
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Data assimilation of S-net and HF radar data
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Hunga Tonga- Hunga Ha’apai eruption 2022

A big eruption occurred at around 4 UT on January 15, 2022.
The eruption column reached 16, 000 m

Himawari—-8 2022, 01, 15 12:10:00J3T

8

January 15, 2022 3 hto 12 UT
True color (day time) and infrared (night time)



Hunga Tonga- Hunga Ha’apai eruption 2022

Atmospheric pressure waves

{15 JAN 2022 03:20UTC)

11:40 UT January 15

https://www.data.jma.go.jp/egev/data/study-panel/tsunami/tonga-
houkokusho/houkoku_honbun.pdf



Hunga Tonga- Hunga Ha’apai eruption 2022
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Hunga Tonga- Hunga Ha’apai eruption 2022

Air pressure and sea level in Japan
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Hunga Tonga- Hunga Ha’apai eruption 2022

Gravity wave Lamb wave

(l) ; / [;l'Uptl()l] / § (l)

(1) Forcibly-displaced wave by Lamb wave (V)
(2) Ocean gravity waves (¢, ~(g,1)")
(2a) Subsidence wave, which compensates uplift by Lamb wave

(2b) Waves displaced by atmospheric gravity wave modes
with resonance effect

(2c) Waves by crustal deformation around the volcano

Kubota et al. (2022)
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Hunga Tonga- Hunga Ha’apai eruption 2022

~.1.5-2hrs | Information on far-field earthquakes [A]
- Large scale volcanic eruption
- Possibilities of tsunami generation

2

Information on far-field earthquakes [B]
- Tsunami observation on foreign tide gauges
- Analysis of Himawari image

Yes Tsunami obs No
in Japan ?

-

Lamb wave

I

Gravity wave

Tsunami No tsunami
warning/advisory observation
Update of Tsunami No tsunami
warning/advisory damage expected
clearance
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UNESCO/IOC — NOAA ITIC Training Program in Hawaii (ITP-TEWS Chile)
TSUNAMI EARLY WARNING SYSTEMS

% AND THE PACIFIC TSUNAMI WARNING CENTER (PTWC) ENHANCED PRODUCTS
P\ £ y ~ TSUNAMI EVACUATION PLANNING AND UNESCO I0C TSUNAMI READY PROGRAMME
unesco e LS IS 19-30 August 2024, Valparaiso, Chile
Intergovernmental
Oceanographic
Commission
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