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Abstract

The objective of this project is to employ deep learning techniques in earthquake
early warning systems, aiming to quickly calculate the maximum seismic intensities
across regions and provide longer warning times. We base our framework on the
"Transformer Earthquake Alerting Model" (TEAM) introduced by Munchmeyer et al. in
2021, using earthquake data from the Central Weather Administration’s TSMIP spanning
from 1991 to 2019 for training and testing. Initial results have involved rewriting existing
software to run on new hardware platforms. Due to the in-house development, we can
fully control the architecture design, allowing for a variety of complex experiments. We
have named our model the "Taiwan Transformer Shaking Alert Model™ (TTSAM). This
year, to address the underestimation of seismic intensity observed during the testing of
the Meinong earthquake, we experimented with incorporating the site effect parameter
Vs30 as additional information for model learning. Preliminary tests have shown
improvements in the model's performance, aligning better with regional expectations.
Currently, the real-time data pipeline forecasts the PWS shaking intensity at 47 reference
stations, maintaining a runtime of under 0.5 seconds, enabling two predictions per second
and significantly enhancing the efficiency of intensity forecasting.

Keywords: Earthquake ~ deep-learning ~ earthquake early warning ~ TTSAM
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network station station zh longitude latitude elevation
CWB_SMT | TAP At Bk | 121.514 25.038 16
TSMIP A024 ﬂ}ﬁ)}ﬁ;iﬂi B | 121.475 25.019 14
CWASN NTS AokE Bk | 121.449 25.164 15
CWASN TIPB BEER B2k | 121.826 24.972 399
CWASN NOU ABE R | 121773 25.149 16
CWB SMT | NTY FF B Bb | 121.298 25.000 93
CWASN NCU ¢y Rk | 121.187 24.967 131
TSMIP BO11 < Ee R x| 121.286 24.884 117
CWASN HSNI1 Frevb 2| 121.018 24.779 91
CWASN HSN Bt e 2k 121.014 24.828 31
CWASN NID “ ko Bk | 121.088 24.736 131
TSMIP B131 v & Z x| 120.826 24.565 50
CWB_SMT | TWQl Mg ke 2| 120.781 24.346 286
=
TSMIP B045 ek Z 2k | 120.9206 24.5399 201
CWASN TCU ¢ Rk | 120.684 24.146 89
CWASN WDJ < B 2 sk 120.640 24.348 99
CWA WHP 5 T rus & | 120.946 24.278 934
s
CWB_SMT | WNT1 B P Bk | 120.680 23.907 118
CWASN WPL B2 gk | 120957 24.012 465
CWASN WHY 5 & Bk | 120.853 23.696 495
CWASN WCHH 351 B2k | 120.558 24.079 25
CWASN WYL A 4k 22k | 120.580 23.960 33
CWASN WDL g E k| 120.539 23.715 52
CWASN WSL k4ke 2=k | 120.228 23.523 3
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CWASN CHY1 EEF R 120.433 23.496 31
TSMIP C095 T R Bk | 23.46 120.29 10
CWASN WCKO & B 120.605 23.439 233
CWASN TAI F 3 120.205 22.993 19
TSMIP CO15 AP 120.414 23.353 39
CWB_SMT | CHNI O 120.529 23.185 216
CWASN KAU 22.5662 120.3157 1
CWASN SCS L Zxk | 120.494 22.885 70
CWASN SPT 120.496 22.677 29
CWASN HEN 120.746 22.004 26
CWASN SSD = P R | 120.640 22.744 148
CWASN ILA 121.756 24.764 11
CWB_SMT | TWC 121.860 24.608 33
CWB_SMT | ENT 121.574 24.638 252
CWASN HWA o i 121.613 23.975 18
CWASN EGFH AR b 121.427 23.669 126
CWASN EYUL 32 2| 121.319 23.347 138
CWASN TTN F A Rk | 121,155 22.752 12
CWASN ECS # b e Rk 121.219 23.095 286
CWASN TAWH < e 25| 120.888 22.340 24
CWASN PNG g o Bk | 119.564 23.565 10
CWASN KNM £ 2| 118.289 24.407 31
CWASN MSU B4R Zxk | 119.923 26.169 85
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Abstract

Regional earthquake early warning system (EEWS), which utilizes P-wave signals
recorded by first few stations to rapidly estimate the earthquake magnitude and upcoming
large S-wave shaking, is the primary means to mitigate earthquake hazards nowadays.
Two main components of the system are estimation of source parameters (e.g. magnitude
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and location) and prediction of intensity (i.e. shaking levels). Currently, Taiwan EEWS
can issue reports within 16 s and 23 s for inland and offshore events, respectively. To
further the performance, one of the keys is to obtain fast and robust information on source
parameters for increasing accuracy of ground motion prediction. One of such source
parameters is the rupture directivity, which has been widely observed a number of recent
earthquakes with M >6 (e.g. 2016 Meinong earthquake and 2018 Hualien earthquake)
and caused directional strong shaking and unexpected damage. The objective of the
project is to estimate and provide fast and robust source parameters (e.g. earthquake
location and rupture direction) to improve the accuracy of the EEW alerts and reduce the
blind zones. In the first half of the project this year, we tested and found the effect of focal
mechanism and of using the peak ground velocity (PGV) for our developed line-source
near-field ground motion inversion method is insignificant. The method is now ready for
testing on the EEW system. In the second half of the project, we begun testing and
applying Data Assimilation (DA) method in near-real-time ground motion prediction. The
results are encouraging showing even in cases of magnitude underestimation, DA can
rapidly calibrate ground motion and issue accurate alerts, as demonstrated during the
April 3 Hualien earthquake this year. The integration of directional line-source near-field
ground motion inversion with DA-based ground motion prediction is expected to enhance
the capabilities of the next-generation EEW system to issue more accurate alerts and
reduce the occurrence of blind zones.

Keywords : Earthquake early warning, Rupture directivity, Ground motion amplification,
Shake alert, Data assimilation
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(SSHACLevel3) > = # £ R AT BF a0 R T A 4E &0 %34T
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3.3 F# ke it (Data assimilation)$? + § § jg 4 ¥ (Kalman Filter)

TRl it G — U T s h;n‘}'ié‘ffﬁs:mf 1;,?er"'|7£13n i
| { #FE3E 5 @ e 2 (Lahoz and Schneider, 2014) iz &~ § Hfti& (7 % § Fgplen
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Correction
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ALl FRLPIEER L T AP Y P AT B R J\B’»Aﬁ‘,p‘.%s_%g
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2 » R4 7 & REE(Hypocenter distance) » Vgp & 374+ £ 302 = ehT 359 4 ik
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FOpR O S BREFFEAE R R ol 5 hBbE S nt ot AR B S o o F PR ORLA S
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3] (Dynamic Model) VT - ] e B Xe_1=(a1,a2, b, 0p, 05, d){ * K
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