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Tsunami early warning using high-frequency ocean radar system
In the Kii Channel, Japan
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High-frequency (HF) ocean radar

Example: HF radar in Chile observed the tsunami of the 2011 Tohoku earthquake.

March 12,2011, HF Radar WERA at Rumena, Chile [Beam 0 deg]
Radial Components of Surface Currents (mis)
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(Dzvonkovskaya et al., 2011; Roarty et al., 2019)



HF radar in Japan
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2011 Tohoku Tsunami

» Generated by the M9 Tohoku Earthquake on March 11, 2011
. Arrrved In K|| Channel approxrmately 3 hours after the earthquake

e Hokkaido ?
_.\l \
']
NOETH KDARFA )
ol 5'.‘
)¢ : ':: Horshu & J
’ i {
..-" .— . A ’
SOUTH KOREA g !
g K Otdye
£ Bwsndis o
= o B - L S T
’ e oY :
P :
& e 8
IV" y
e ‘

(Frgure Source The New York Times)
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Vector Synthesis of Surface Vector

* At least two land
stations are required
for vector synthesis

* |Itis necessary to
Install the beams of
the two stations to
be close to 90
degrees

@ Radial velocity of Station A 184R 77
@ Radial velocity of Station B $R4R 77 [
@ Synthesized velocity of observation point

Beam direction (radial velocity) -> NS/EW direction



Vector Synthesis of Surface Vector

sinf; cos0;” U1 i: Number of HF radar land station
sinf, cosO, | u\ | Uy 6,: Azimuth of the grid
: (v) B U,;: Velocity in the beam direction
Ssinfy  cosOy. Uy u, v: Velocity in the EW/NS direction
When N > 2:

N

—~ 2 _
E(Uri T rl)z/a-i — min
i=1

When N = 2 (in this study):

(u)_lsinﬁl COSHl]_ll ]
v/ |sin6, cos6, U,
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] Omaezaki Location of Observational Point (OP)
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Time Series of Sea Surface Current

N-S velocity (m/s)
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E-W velocity (m/s)

N-S velocity (m/s)

Time Series of Sea Surface Current
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Data Assimilation for Early Warning

Offshore Tsunami
Observation
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Do not need source information! (Gusman et al., 2016)
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Tsunami wavefield x, = (h(nAt, x,y), P(nAt, x,v), Q(nAt, x, y))!
Height X-Velocity Y-Velocity

|. Forecasting Step x{l(h, P,Q) =Fx3_,(hP,Q)

Il. Assimilating Step

x2(h,P,Q) = x),(h, P, Q) + W(z,(P,Q) — Hx/,(h, P, Q))

x,];: Forward tsunami wavefield x5 Assimilated tsunami wavefield
F: Propagation matrix W Weight matrix**

H: Sparse linear observation matrix

z,,. Observation of HF radar (velocity)

Assimilation starts at 08:05 UTC (JST 17:05)

** New algorithm of calculating W was proposed by Dr. Sahana 14



3. fak

Time: 2011 March 11, 08:05 — 09:00 UTC (17:05 — 18:00 JST)

S —— . . . . . ————a | — : | | : : —————a
-0.25 020 015 -010 -005 000 005 010 0415 020 025 -0.25 020 015 -010 -005 0.00 005 010 045 020 025

Water height (m) Water height (m)

124" 1257 126" 134 1357 128

Forecasted tsunami wavefield using Simulated tsunami wavefield computed
data assimilation of HF radar from source model of Satake et al. (2013)
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0.22 m (09:10) Observation
Forecast at 08:10 l Kobe Prediction
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Observed maximum height: 0.23 m  Normalized Prediction Error (Navarrete et al., 2019)
Predicted maximum height: 0.12 m

Accuracy (%): 52.2% min { |3

Tsunami Height (m)
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0.22 m (09:10) Kobe Observation

"‘é‘“ Forecast at 08:20 i Prediction
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0.22 m (09:10) Kobe Observation

E Forecast at 08:30 Prediction
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« HF radar observed the tsunami of the 2011 Tohoku earthquake,

with a value of ~ 0.1 m/s at most observational points after 08:00
(UTC).

« Data assimilation of surface current velocity successfully predicted
the tsunami waveforms of Kobe tide gauge at 08:20,

approximately 50 min prior to tsunami arrival.
* The normalized prediction error decreased over assimilation time.

Thank you for your attention!
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