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Introduction
2022 Tonga Volcanic Tsunami

 Hunga Tonga-Hunga
Ha'apal volcano

 Large eruption: 04:14:45
(UTC), January 15, 2022.

* The tsunami event had a
complex generating
mechanism, posing a
challenge for the e R
traditional tsunamiearly | = 1% _
warning method based on saab
source Iinversion.

(Witze, 2022 Nature; SCMP, 2022)




Introduction
2022 Tonga Volcanic Tsunami

« Arrived in Japan 7 hr 15 min after the eruption, earlier than expected from an
oceanic gravity wave.

« A maximum height of 1.2 m at Amami Island. fﬂ;géf%\ BETSEORMSLEE - X b>DK
) o EHEE PEANRL SEBT 2022418168 125459
Tsunami Waveform at Amami Tide Gauge
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(Asahi News, 2022)




Data and Method
Tsunami Data Assimilation Approach
‘@ Data assimilation in Meteorology

* |t does not estimate the “source” of typhoon

« Knowing the current status (wavefield), one can
forecast future status by numerical modeling

We can also successively estimate the current
tsunami status by data assimilation technique
with offshore tsunami observation.

» Offshore bottom pressure gauge (OBPG)
* High-frequency (HF) radar
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HF Radar in the Eastern Tsugaru Strait
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HF Radar in the Eastern Tsugaru Strait
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Tsunami wavefield x, = (h(nAt, x,y), P(nAt, x, y), Q(nAt, x, )T

Height X-Velocity Y-Velocity
|. Forecasting Step x,’;(h, P,Q) = Fx;_,(h,P,Q)
TP Offshore bottom pressure gauge
ll. Assimilating Step , (0BPG)

x&(h,P,Q) = x)(h,P,Q) + W, (y,(h) — H,x),(h, P, Q))
+ WZ (Zn(P' Qv)\_ HZx‘I]’CL(h) P, Q))

HF radar
x,’;: Forward tsunami wavefield Xy Assimilated tsunami wavefield
F: Propagation matrix
W Weight matrix H: Sparse linear observation matrix

y.. Observation of OBPG (height) z,. Observation of radar (velocity)
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HF Radar
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S-net OBPG

1.Basic quality
control

2.Convert
pressure to
water height

3.Linear
Interpolation

4.Band-pass
filtering (200—
1200 s)
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Assimilation Setting

Volcanic

eruntion Assimilation Assimilation
P starts Forecastingl Forecasting 2 continues
& O O | >
09:00 14:00 15:00

Computational parameters
Time step: 1 s
Grid size: 0.25 arc min (~ 450 m)
Grid range: 140.0-144.5° E and 40.5-42.5° N
Assimilation step of S-net OBPG: 1 s
Assimilation step of HF radar: 30 min



Results 14:00 UTC
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15:00 UTC

Hakodate Shimokita
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Accuracy Analysis

o1 i | {A{(t: t+T) A%(t:t + T)} 1000
= — ) min , 0
N ANt +T) Al (et +T)

A’ : Forecasted maximum Forecast Time 14:00

amplitude HF radar OBPG

A°: Observed maximum 91% 50%
amplitude 67% 38%

N: Number of coastal tide
gauges (N = 2) HF radar OBPG

T: A defined time interval 63% A7%

after the forecast time 70% 46%



Summary

« Data assimilation successfully forecasted the 2022 Tonga volcanic
tsunami.

* This was the first time an HF ocean radar system was used for
data assimilation.

* The accuracy indexes of HF radar were generally higher than
those of OBPG.

« Specifically, at 14:00, the accuracy index of HF data was 91% for
the following 2 hours and 67% for the following 6 hours. At 15:00,
It was 63% for the following 2 hours and 70% for the following 6
hours.
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Thank you very much for your attention!
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