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HF radar geometry in a measurement point
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Measurement Errors Estimation by Maximum Likelihood Estimation Theory (Hinata et al., 2005)
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Since the error measurements (o, g,) is location dependent, estimation
of spatial distribution of g,, and g, is important for data assimilation.
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v" Most of points aligned well with the MLE theory
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Estimation of Measurement Error (Hinata et al., 2005)
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Data Assimilation with Optimal Interpolation
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Weight Calculation with Consideration of Spatial
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200000 Tsunami energy propagation (Satake, 1988)
To evaluate bathymetry effects along tsunami propagation paths.
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R = radius of earth (6371 km)
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Source: GitHub - adityagusman/tsunami-raytracing: MATLAB codes to trace
tsunami rays from a point source
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Data Assimilation with Optimal Interpolation
_vf f
X3, = X0, + W |y, — HXY,|

Weight Calculation with Consideration of Spatial
Distribution of Measurement Errors (W g4j for U # W 4 for V)
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Data Assimilation with Optimal Interpolation
X3, = Xy + W |y, — HX|

About observation data y,,, =2 Uyps, Vobs

0o |_ 0o __ 0
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o —_ o __ 0

Where, o, =5 cm/s (velocity resolution)
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AT i Applying Ray-tracing program by Gusman et al. (2017);
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40 energy is refracted toward both sides.
sar « The main energy pathway concentrates along
. 20 the west coast rather than the east.

« As aresult, higher waves is expected to
occur in western coast.
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(star symbols) and propagation directions (0° to 360°)
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Propagation of noise induced tsunamis in Case 1 (a) and Case 2 (b) at 35, 50, and 80 minutes across 15 times experiments
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| Do =g N enabling reliable forecasts.
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€ Assimilating measurement errors together with ray-tracing helps identify regions where noise-
induced tsunamis are likely to appear, especially those originating from radar coverage areas—an
important contribution to tsunami early-warning systems.

€ Noise-induced tsunami waves created localized fluctuations in both assimilated and forecasted
heights, mainly due to refraction and shoaling, highlighting the critical role of bathymetry in detecting

areas with noisy or unreliable forecast performance.
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