Japanese earthquake early
warning system and application
to the Taiwanese network
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(2) Estimate shaking
From M & location IPF methOd
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https://www.jma.go.jp/jma/kishou/books/hakusho/2017/index2.html#toc-056



IPF method



What is IPF?

1) Use of non-triggered data
2) Smart phase association

3) Particle filter optimization



Conventional approach
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IPF method
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Smart Phase Association

Can a phase information be explained by the event?
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If p<(5)? : same event

If p>(5)% : new event

Tamaribuchi et al., 2014, Yamada et al., 2021



Smart Phase Association
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Location search (Particle filter)
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— Faster & more accurate than gridsearch



Likelihood n for Source Estimation
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Extended IPF (IPFx) method
e

Seismic Station Server
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Modification of Phase Association
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2018 Hualien Sequence
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1-month Performance

Obs 127 EQs with SI >4

IPFx PPA 105 detected

with large location error
AR>30km



1-month M-T diagram
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False Alarm (2022/9/18 Taitung)

Realtime estimation
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2024 Noto Earthquake
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2024 Noto Earthquake

EEW

2240101 1610812 goc.shart |

[SEE0A24001 1610 812 sacehart 7
ISEDOE240101 1610 472 sacshart |

ISEHOT 2401 011610812 sac.shert _|
[SEHO32401 011610812500 shert




Warning time.
vs intensity
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Summary

1) IPFx method was applied to 2018 Hualien sequence (1-mon).
2) Improvement of the filter for the phase association.
3) Mainshock could be detected 10s earlier than CWB EEW.

4) Improvement for the simultaneous earthquakes and limitation.

Yamada, M. and D.-Y. Chen (2022). Automatic Hypocenter Determination with the IPFx method for
the 2018 Hualien earthquake sequence. Terrestrial, Atmospheric and Oceanic Sciences, 33:18.

(Open access)













False Alarm (2022/9/18 Taitung)

Realtime estimation
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Result of 2022/09/18,12:44:38.270 23.1425 121.2172 5.52 3.44
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IPFx(JMA) Mag vs CWB Mag
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Improvement from the current IPF

1) Single station processing
1a) lower the trigger level
1b) Update information every second

2) Network processing
2a) trigger group
2b) estimation group
2¢) no filter for M estimation



1a) Lower the trigger level

False alarm on January 5, 2018
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JMA: 5 stations triggered

IPFx: Closest 50 stns triggered

https://www.data.jma.go.jp/svd/eqev/data/study-panel/eew-hyoka/t08/20180213_siryou2.pdf



2a) Trigger Group

- All station within 30 km

- All neighboring station
within 50 km

- If #station<5, add up to
5 from the closest

Fast detection &

Avoid noise contamination



Source estimation process
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