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Application of High-Frequency Radar for Assimilating Tsunami Wavefield
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Figure 4. (a) Maximum simulated tsunami elevation and hypothetical radar observations coverage. R1 and
202 3) the radar locations. (b) Simulated tsunami wavefield used as the reference (left panel) and assimilation resu (N ad a | et al 1 999 H | nata et al 200 5)

panel). (c) Comparisons between the reference and the assimilated maximum coastal tsunami heights.
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Factors Influencing Current Measurement by HF Radar

(a) Runl (b) Run2
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(¢) Run3
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Purpose of Study

Clarifying beam-angle measurement error distribution using EOF analysis

By consedering a,., is constant and uniform, how the consideration of beam-
angle dependent measurement error distribution can improve the

assimilation and prediction performance

y Radar 1
0,
Bl Radar 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ] : '91v,,—' _-RadarN
> E

adar geometry in a measurement point

G b N = Number of radar.
- — N -
(Hinata et al., 2005) cos20,, oy, 0y = East-west and north-south
z 7) measurement errors.
o2 1 — Orp _ . : th
u ) _ n=1 orn = Radial velocity error of n
oZ N Sin?6, N CO0s%0, N sin@, cos @, 2 N sin%6,, radar.
n=l g2 n=lt g2 n=1 a2, Z oz 6, = Direction of beam to north of
ln=1 m | th
n= n* radar.
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EOF Analysis with Selection Rule N

Data Period = April 15t 2014: 00:00-16:39 JST (1-min Interval Time) in Kii Channel (ndata=1000)
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EOF Analysis with Rule N Selection Method
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g Preseindorfer, 1988) with § = 3.5
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0 - p' = boundary between
P = _physical and noisy modes
0.1 N -
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Mode

z(t,x) = Reconstructed EW and NS velocitiy components
at measurement points (p = 137 x 2)
a;(t) = Time dependent ampltude of mode j

ej(x) =The j™ eigenfunction
?; = eigen value of mode j

Beam-Angle Dependent Measurement Error Distribution

(Sahana et al., 2024)
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@  Reconstructed Surface Current with Physical and Noise Field

Data Period = April 15t 2014: 00:00-16:39 JST (1-min Interval Time)
20
(b) A Mihama > Q) 60;_ _; é
20140401 00:00 f 20140401 06:00 f E 40 F Oy = 5.7 Cm/S, Oy = 3.2 Cm/S ] é =
' 33'48' 0 a 1 =3
% 225 A A b A Ak g ° Oy = 20y
E _20 - E %40‘
33°36" E -40 — : Reconstructed EW Error Velocity—f H _20
a3 -60 _ MPO]31 L _| : Filecorrstru‘ctedI NSIErrolr Vellocitly_f g Y T =
Observed EW Comp.(cm/s)
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 ! = f ~ !
33724 —~ 60 F T T T T 9 T T T 4 T T T y T T ] - 201 MP108
€ | oy=62cm/s,0,=739cm/s 1 &
Mihama N Mihama N 3 40:_ —: o 9
20140401 12:00 f 20140401 15:00 f _‘é 20 F : § o _
‘ st T o Ao 2 - ~ 20,
> o0f 1 £-0
é -40 | : Reconstructed EW Error Velocity é 20
—_ 3 ek MP108 — : Reconstructed NS Error Velocity ] h
T -0 -10 0 10 20
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 CRESEd EW Came /s
,‘,? 60 :_ % I ! I Y I 2 | ! I 2 1 2 | 5 1 _: _ 204
- ) ) 2 € b ou=73cm/s, 0,=39cm/s {1 2
— Reconstructed Current in Noisy Modes o ol |
o E g E |
o The current magnitude of noisy fields 3 OMJ'WWWW%M‘WMWMW“ S o o, ~ 20,
are relatively much smaller compared to > 20f 1 3.,
phyg]ca| fields § -40 F : Reconstructed EW Error Velocity g
o |nCOHSiStent m Otion 8 _60 i MP131 — : Reconstructed NS Error Velocity J -201
_— 20 -0 0 1o 20
- 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 Observed EW Comp.(cm/s)
Beam-Angle Dependent Measurement Error Distribution BIEKF 5

EHIME UNIVERSITY



@  Measurement Error by Observation and Theory
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Since the error measurements (g, 6,,) is location dependent, estimation of
spatial distribution of g,, and g,, is important for data assimilation.

« 84 points (blue) were used for the comparison
v Some points (MP85, MP93, MP133, MP125, MP127) deviated from the the
v Most of points aligned well with the MLE theory

(Sahana et al., 2024)
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@  Estimation of Measurement Error (o, 6,,) and U-V Assimilation by HF Radar
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@  Assimilation with Uniform and Non-Uniform Measurement Error (15 Exps.)
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Nankai Trough Earthquake (60-80% Probability of Occurrence)

i

Source: 4
Cabinet Office of Japan
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s Confirming the applicability of this study
into real-world application (real bathymetry
and tsunami scenario)
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®) Calculation Domain and Estimation of Measurement Error Distribution
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Evaluation of Prediction Performance; Nonuniformity of Measurement Error
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Results: Assimilation and Prediction (Uniform and Non-Uniform Case) in NTS4-Multi

Case 1 Case 2
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+* Noisy wave height prediction is continuing.
** As the wave propagates to Harimanada Sea and Osaka Bay, STD of SSH decrease (dissipation energy
filtered by two narrow straits)

s More stable prediction (low STD) was observed inside Kii Channel, Harimanada Sea, and Osaka Bay in
; (Sahana et al., in prep.)
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Results: Assimilation and Prediction (Uniform and Non-Uniform Case) in 15 independent experiments
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Summary:

1. Higher modes of EOF analysis were associated with the
measurement errors of the velocity components.
v Measurement errors in EW and NS directions were

nonuniformly distributed, depended on crossing
beam angle.

2. Incorporating beam-angle dependent measurement error
distribution could improve the assimilation performance.
v' 19% improvement in accuracy across 15 times

experiments with a Nankai Trough Scenario Case 4
and real bottom topography.
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