Tsunami simulation (without air-sea waves) on the 2022/01/15
Hunga Tonga- Hunga Ha'apai submarine volcanic explosion
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0. Background and purpose

On January 15, 2022, after 13:14 Japan time (World time (UTC); 4:14), a large eruption of the "Hunga
Tonga-Hunga Haapai" submarine volcano off the coast of Tonga in the South Pacific Ocean.A series of
large-scale eruptions of submarine volcanoes caused tsunamis to reach countries along the Pacific coast.
There is a fragmentary damage report (New Zealand government; reference information) that a tsunami of
more than 15 m has hit and caused damage around Tonga, but the details are unknown.On the other hand,
tsunamis were observed not only around Tonga but also in the Pacific Ocean, the Caribbean Sea, and the
Mediterranean Sea. The maximum of 1.2 m tsunami was observed in Japan and there is also a report that
two women died in a car in Peru, South America where the tsunami exceeded 2 m.

At that time, the volcanic eruption and tsunami information was issued by the Pacific Rim Tsunami Warning
Center, but it was at a caution level. The Japan Meteorological Agency also reported that there was no
significant tide level rise in areas along the way to Japan such as Tuvalu, Kiribati, and Micronesia.
Expected to be less than. Actually, the tide level fluctuation (tsunami) was confirmed during the time when
the atmospheric pressure change was observed, and then it was switched to the warning / warning. This
tsunami is likely to be related to Lamb waves.

Here, we reproduce the tsunami around the Tonga submarine volcano (here, eruption, pyroclastic flow,
mountain collapse, caldera collapse, etc.) and the situation of propagation to Japan. Here, it is called an
eruptive tsunami.

Tsunami caused by air pressure is out of scope here (detailed analysis is required while scrutinizing the
numerical model from now on).

By comparing (difference) with the measured values, it will be possible to clarify the actual condition of
the air coupled tsunami.
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2. Tsunami modeling IR GIEDBUEREMT
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3. Tsunami propagation results (Small area bk > 73 [&120)
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3. Tsunami propagation results (Small area k > 73 &2
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4. Tsunami propagation results (middle area)
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4. Tsunami propagation results (middle area)
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4. Tsunami waveform at tide gauge
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6. Tsunami ,max water level and arrival time
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6. Tsunami waveform in Japan—E&;K K2 D LLEL (18hrHBI7)
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6. Tsunami waveform in Japan
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compared to previous studies. More detail damage
mechanism is remaining as future work.
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8. Conclusions

Tsunami analysis was performed around the eruption of Tonga volcano (small area) and surrounding
area (medium area), and in the Pacific region (large area) to Japan. Here, the air-coupled tsunami
was not considered, but the characteristics of the tsunami (eruptive tsunami) caused by other
causes could be analyzed.

First, around Tonga, a tsunami scale of over 2 m is estimated.

Around the Polynesian and Melanisian archipelago around it, the scale is about 1 m. The
influence of the air coupled tsunami can be seen around here, but the initial components could
not be reproduced in this eruptive

tsunami. The difference between the tide record and the numerical analysis result (eruptive
tsunami) can be estimated as the component of the air coupled tsunami. The scale of the air
tsunami here is small.

In Japan, the air coupled tsunami is prominent, followed by the eruptive tsunami. This arrival time is
slower than the phase velocity of the long wave, which may be related to the dispersion and the
resonance phenomenon at the ridge.

It is highly possible that the difference between the results of this numerical analysis (eruptive
tsunami) and each tide detection record is an air coupled tsunami, which will be useful for future
mechanism elucidation and numerical model development.
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