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Abstract

The research purpose of this project is to use deep learning method in earthquake
early warning system for quickly estimating peak ground acceleration (PGA) in any site
and also for providing a longer early warning time. In 2021, the CWB earthquake catalogs
from 2012 to 2020 were trained and tested under the deep learning structure of
Transformer Earthquake Alerting Model (TEAM). The first phase of the research results
showed that the TEAM model in Taiwan only needs 4 sec of waveforms to get a relatively
accurate value of predicted PGA. This year in 2022, we will focus on improving the
currently used TEAM model by optimizing data pre-processing, undersampling of small
earthquake events, and adding dataset from regions with larger earthquakes. This rigorous
review and adjustment of TEAM model can help us understand how the attributes in pre-
processing affect the predicted PGA intensity results and can make TEAM more suitable
for Taiwan.

Keywords: Earthquake ~ deep-learning ~ earthquake early warning
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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 and location) and prediction of intensity (i.e. shaking levels). Currently,
Taiwan EEWS has made great achievements in the world and can issue reports within
16 s and 23 s for inland and offshore events, respectively. The report time takes mostly
in estimating reliable source parameters rather than data transmission as the advance of
hardware and telemetry techniques has reduced the transmission time at most. Moreover,
a number of recent earthquakes with ML>6 produced directional strong shaking and
unexpected damage. Since the current criteria of issuing EEWS report are based on
intensity, this underestimation of the strong shaking has a direct effect on blind zone
formation. To further improve the efficiency of reporting time and accuracy of intensity
prediction, how fast to obtain the source parameters including rupture directivity is the
key.

Following the development of a fast and robust earthquake early warning location
algorithm in the first year, we plan to conduct rupture directivity analysis in the next.
The ground shaking is a convolution results of the source, path, and site effects. Since
the source information cannot be known beforehand and lack a rapid means to
determine within seconds after earthquakes occur, the conventional EEWS mostly focus
on the improvement of the path and site terms. However, our previous work has shown
that utilizing the near-field (epicentral distance less than 25 km) ground motion
characteristics, the rupture directivity information could be obtained within 20 s (Jan et
al., 2018). Hence, using the data from the new-generation CWB real-time seismic
network (CWBSN+TSMIP), we plan to conduct the rupture directivity analysis on
recent moderate-to-large earthquakes to systematically optimize the parameters and
establish a rupture directivity database for later regression analysis of directivity-based
ground motion prediction equations. From that, we aim to incorporate the near-real-time
source parameter estimation into new EEWS to capture directional ground motion
complexity and reduce the uncertainty and blind zones of earthquake early warning.

Keywords : Earth Early Warning, Rupture directivity, Ground motion
amplification
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Ao AT e BRRENRFEATRE LR REBA G v BE B BT S5

WLd o

Date Time Lon. Lat. Dep. M. Dir.  J2018  Others*

2012/02/26 02:35:00.43 120.754 22.752 26.3 6.3 280

2013/03/07 03:36:45.68 121.457 24.300 5.5 5.8 230 260

2013/03/27 02:03:19.63 121.052 23.902 194 6.2 260 280 285/271

2013/06/02 05:43:03.21 120.974 23.861 145 6.4 250 240 219/235

2013/10/31 12:02:09.54 121.348 23.566 14.9 6.4 60 10 27

2014/05/21 00:21:13.95 121.432 23.735 16.4 5.9 130 70

2016/02/05 19:57:26.08 120.543 22.922 14.6 6.6 310 300 305/299

2016/04/27 18:19:06.23 121.233 23.283 15.2 55 50 230

2017/02/10 17:12:52.56 120.143 22.865 16.1 5.7 70 90

2017/11/22 14:20:09.40 120.721 23.584 15.2 5.6 250 260

2019/04/03 01:52:55.39 120.868 22.937 4.8 5.9 330

2019/04/04 01:56:55.14 120.863 22.982 3.4 5.5 110

2019/04/18 05:01:07.11 121.559 24.054 20.3 6.3 50

2020/02/15 11:00:06.50 121.510 23.856 8.3 5.7 140

2021/04/18 14:11:39.58 121.484 23.871 16.3 5.8 60

2021/04/18 14:14:37.80 121.480 23.859 144 6.2 150

2021/07/07 22:11:55.57 121.567 23.892 8.2 55 20

2021/09/13 10:41:27.69 121.012 24.123 46.1 5.6 270

2021/09/25 22:21:19.63 121.683 24.317 46.1 5.7 40

2022/03/22 19:35:03.93 121.501 23.481 28.9 5.9 220

2022/03/22 20:29:59.12 121.430 23.419 22.6 6.0 220

2022/03/24 00:38:26.08 121.432 23.444 25.0 5.7 30

2022/06/02 01:05:07.78 121.454 23.686 7.0 6.1 50

2022/09/17 13:41:19.11 121.161 23.984 8.6 6.6 210

2022/09/18 06:44:15.25 121.196 23.237 7.8 6.8 20

*Rp oy ORETE F R EHE B 22 oy S e R (Lee, 2017; Wen et al., 2014; Jian
etal., 2017) -
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Flehr 5 AL e K,éftét%ir»]t%?a SRR e Bipla RTORE AT ﬁﬁ;
#eGMPE > FRI& 2 E #% * F3R 7 GMPE 2 ¢ (Hsiao et al., 2006) - i % i Jan
etal. (2018)# 7 > Boatwright(2007)¥2 Convertito et al. (2012) % 7= 3 #73& J1 e <
Fafe Cd 7 0L Pk dhfy b A AT He fF e ehlg % o Bl > AP g2 B
AHFFE R BEE FI At B F S8k Cd(ry, ra) » rvfe ro s B Ea 4 ahii
Bfe? o o RAA S BRE > o Fpt > iR AR * RLFE2S 02 P
EoeAPT A oaE 108 L p BT EF;A\ﬂ}”T v A R-F % B IR i7 e GMPE 3k ¢
Cd(rv, ra) > & i@ N EETH BB BB forg &F & BF DR LFET R
BB ®ETEG o pt ot SRR 2L PCGABH S L IE
(Hsiao et al., 2006) » ¢+ & i# 2% i* 2x 11 PGA hF L {7 o

Bl = feLw 5 1% i73 PGA & {73+ rg,:% S #cF JF T3 B ik 3 PGA ?Efr;
A E e gk o AR 2013 F 60 2 pha ik RELSE QT 18 p oS i
Bible s RenB T 53] 1,144?;3?5\1?“’“?*% bE R R R
+¢5Oga| 2 PGA BE(ZT) LR F S PGA B gfl E(zt)empiEi
* BLif i GMPE sﬁff';;ii’ﬁ?'%:‘é;@%ﬁﬂ?r’"' PR AT (20 ) o B AT
FE B~ e T AT GMPE thi X 2 d B Y EARE LR BT (Feho
-G R oo P PR RS EEY O FHRYUFI Y B A, w4 GMPE
VL AFanth A B et s s o iz 500al APGA A A LA 0 e
i =~ 1300 gal (7 PGA » i > ¢ F AP HPCGAF m BB I AR F AR K ig T
@ianﬁ«rmﬁyﬁa@oifaﬁJﬁSﬁvfﬁufi’r&v%&éﬁéé?é‘é SR G R R
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2022)
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Abstract

Timeliness has always been an inevitable subject in operating an earthquake early
warning (EEW) systems. For this purpose, the Central Weather Bureau (CWB) has
equipped real-time transmission functions for those stations of Taiwan Strong-Motion
Instrument Program (TSMIP) since 2015, therefore increasing the density of real-time
observation stations and making the earthquake locating process become faster and
more accurate. There is another permanent high-density seismic network in Taiwan, that
is P-Alert Network. Different from other seismic networks, the P-Alert network itself
integrates functions such as regional early warning system, on-site early warning system,
and providing real-time shakemaps. Whether it is for earthquake prevention, disaster
mitigation or earthquake science research, it indeed made a great contribution. In this
study, we modified the Earthworm module to integrate the CWB and P-Alert system for
EEW testing. Based on the testing result, the EEW system reporting time could be
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shortened about 1-2 seconds if there are more stations that could be used for location.
However, the module still needs to be optimized for the accuracy of the location result.
Multiple earthquakes occur in a very short period may cause the false alarm of the EEW
system. In this study, we established the algorithm of multiple events detection and
created the corresponding location module. And, in the simulation test, the new location
module indeed can prevent the false alarm caused by multiple events.

Keywords: Earthquake Early Warning, High-density Seismic Network, Multiple
Events Detection
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% P-Alert BLipl s 227 145 £ 3 B FH

BRER #R aR ER BARRER P-Alert 1t %
B | TR AR #RE ¥ i - ag | FF e
(uTC) (N (E) (km) (uTC) (P-Alert/Total)

1* CWB % 5t | 2022/03/09 12:22:15.60 | 23.28970 | 121.2740 40.0 576 | 12:22:26.39 X

B & kx| 2022/03/09 12:22:09.81 | 22.49290 | 119.6954 5.0 7.19 12:22:25.18 5/5 (100.0%)

2 CWB % 5t | 2022/03/16 00:34:55.13 | 22.31390 | 120.7993 20.0 4.48 | 00:35:07.29 X

& kx| 2022/03/16 00:34:55.67 | 22.32470 | 120.7769 5.0 4.71 | 00:35:05.30 8/11 (72.7%)

3* CWB % 5t | 2022/03/19 15:23:43.56 | 23.65690 | 120.7173 10.0 549 | 15:23:52.20 X
& x| 2022/03/19 15:23:43.92 | 23.63800 | 120.6903 5.0 4.88 | 15:23:50.17 717 (100.0%)

4* CWB % 5t | 2022/03/22 17:06:55.15 | 22.06600 | 121.3707 20.0 513 | 17:.07:11.78 X
& x| 2022/03/22 17:07:14.62 | 23.05220 | 120.7116 5.0 466 | 17:07:28.55 1/9 (11.1%)

5 CWB %« 5t | 2022/03/22 17:41:41.51 | 23.43530 | 121.4044 20.0 6.66 | 17:41:53.18 X

K& s | 2022/03/22 17:41:42.07 | 23.44300 | 121.4445 5.0 6.58 | 17:41:51.19 5/6 (83.3%)

6 CWB % 5t | 2022/03/22 18:10:52.81 | 23.51350 | 121.4130 10.0 427 | 18:11:09.16 X

& ks | 2022/03/22 18:10:53.85 | 23.51070 | 121.3615 10.0 5.22 18:11:01.73 6/9 (66.7%)

™ CWB % 5t | 2022/03/22 18:37:37.93 | 23.33460 | 121.3997 20.0 3.68 | 18:37:54.20 X

& x| 2022/03/22 18:37:43.19 | 24.06440 | 121.2627 5.0 3.49 | 18:38:00.44 1/5 (20.0%)

8 CWB % 5t | 2022/03/22 19:14:58.24 | 23.52400 | 121.4685 20.0 4.42 | 19:15:16.32 X

& x| 2022/03/22 19:15:01.04 | 23.70430 | 121.3972 12.76 4.67 | 19:15:17.06 5/11 (45.5%)

9 CWB % 5t | 2022/03/22 19:35:04.99 | 23.47930 | 121.4191 40.0 6.25 | 19:35:16.25 X
FEE x| 2022/03/22 19:35:06.82 | 23.46540 | 121.4961 10.0 549 | 19:35:16.01 5/8 (62.5%)

10* CWB % 5t | 2022/03/22 20:29:59.84 | 23.42240 | 121.4058 10.0 6.08 | 20:30:15.89 X

& ks | 2022/03/22 20:29:46.85 | 21.72630 | 121.9724 5.0 7.83 | 20:30:07.22 5/5 (100%)

11 CWB /% st | 2022/03/22 21:41:08.36 | 23.34460 | 121.4373 10.0 481 | 21:41:25.24 X

BE ks | 2022/03/22 21:41:09.45 | 23.33160 | 121.4087 5.0 4.94 21:41:17.81 6/9 (66.7%)

12* CWB % 5t | 2022/03/23 00:09:59.82 | 23.31410 | 121.4183 10.0 424 | 00:10:15.35 X
B & kx| 2022/03/23 00:10:02.86 | 23.34790 | 121.2057 5.92 4.77 | 00:10:21.74 1/7 (14.3%)
13 CWB % 5t | 2022/03/23 09:19:01.41 | 23.33310 | 121.3127 10.0 4.17 | 09:19:10.90 X
FEE x| 2022/03/23 09:19:01.63 | 23.35370 | 121.4126 10.0 4.07 | 09:19:10.61 217 (28.6%)
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14

15

16

17

18

19

20

21

22

23*

24*

25

26

2022/03/23 20:45:30.70

23.44900

121.4264

20.0

4.52

20:45:41.24

X

2022/03/23 20:45:31.36

2022/03/28 09:00:26.51

23.44140

23.11800

121.4033

121.3042

5.0

20.0

4.26

4.49

20:45:41.92

09:00:37.54

2/6 (33.3%)

X

CWB & st

2022/03/28 09:00:27.68

2022/04/01 21:26:54.21

23.19860

23.42390

121.2939

121.3388

10.0

20.0

4.48

4.04

09:00:35.24

21:27:09.32

416 (66.7%)

X

s

2022/04/01 21:26:55.99

2022/04/02 15:42:19.53

23.39250

22.80100

121.2520

121.5649

8.93

30.0

3.96

4.68

21:27:10.64

15:42:34.16

2/10 (20.0%)

X

2022/04/02 15:42:21.46

2022/04/04 01:50:47.52

22.82940

23.10080

121.4692

120.5947

5.0

10.0

4.82

5.02

15:42:34.24

01:50:56.16

2/8 (25.0%)

X

CWB % 5

2022/04/04 01:50:46.88

2022/04/07 03:41:00.81

23.13270

23.08310

120.5735

121.3891

10.0

20.0

5.16

5.34

01:50:55.63

03:41:10.28

10/17 (58.8%)

X

e

CWB % 5

2022/04/07 03:41:02.05

2022/04/11 13:47:33.64

23.03740

21.89240

121.3526

121.0749

5.0

10.0

5.17

5.01

03:41:09.11

13:47:49.84

3/6 (50.0%)

X

4 s
FEE s

2022/04/11 13:47:33.86

21.96510

121.1735

19.71

4.97

13:47:50.18

2/5 (40.0%)

CWB & 5t | 2022/04/12 04:14:40.13 | 22.90410 | 120.6939 10.0 4.49 | 04:14:50.73 X
FEE ko sv | 2022/04/12 04:14:41.11 | 22.84990 | 120.6059 10.0 4.7 04:14:48.55 6/8 (75.0%)
CWB ¢ st | 2022/04/14 19:06:58.23 | 23.73160 | 121.5187 10.0 461 | 19:07:14.52 X
K&k k| 2022/04/14 19:06:58.20 | 23.74300 | 121.4856 8.86 4.57 19:07:11.17 4/9 (44.4%)
CWB % st | 2022/04/23 07:31:38.83 | 24.02320 | 121.6003 30.0 45 07:31:52.09 X
& k| 2022/04/23 07:31:39.45 | 23.95270 | 121.5425 5.0 4.42 | 07:31:51.89 1/5 (20.0%)

CWB /& st | 2022/04/23 17:53:54.42 | 24.58400 | 121.8898 20.0 4.33 17:54:04.56 X
FEE ko sv | 2022/04/23 17:53:46.50 | 26.01930 | 121.5275 5.0 6.1 17:54:03.47 1/5 (20.0%)

CWB & st | 2022/05/02 18:43:26.95 | 24.10510 | 121.6247 20.0 4.49 | 18:43:26.95 X
L ko sv | 2022/05/02 18:43:29.19 | 24.17660 | 121.6118 5.0 4.87 18:43:29.19 4/10 (40.0%)
CWB & st | 2022/05/09 06:22:54.90 | 23.55550 | 122.8715 20.0 6.18 | 06:23:26.89 X
A& s | 2022/05/09 06:23:07.73 | 24.14310 | 122.3756 8.5 6.14 | 06:23:27.52 4/9 (44.4%)
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2022/05/25 20:58:19.99

23.01470

120.8287

40.0

4.86

20:58:30.42

2022/05/25 20:58:21.38

23.01980

120.8957

4.26

20:58:31.98

3/9 (33.3%)

28 CWB & 5t | 2022/06/18 02:57:32.77 | 23.23660 | 121.3664 10.0 4.16 | 02:57:41.99 X
£ k¥ | 2022/06/18 02:57:33.45 | 23.17880 | 121.3064 10.0 3.76 | 02:57:44.16 3/10 (30.0%
B hn 106/ /10 ( )

29 CWB & 5t | 2022/06/20 01:05:07.94 | 23.72650 | 121.3830 10.0 6.25 | 01:05:21.88 X
£ k¥ | 2022/06/20 01:05:08.54 | 23.68790 | 121.4386 12.17 6.20 | 01:05:16.26 4/5 (80.0%,
B hn /06/ 15 ( )

30 CWB % 5t | 2022/06/20 01:39:42.91 | 23.72480 | 121.5237 10.0 497 | 01:39:59.38 X
A& | 2022/06/20 01:39:42.09 | 23.63080 | 121.9031 9.7 535 | 01:39:56.09 6/8 (75.0%)

31 CWB % 5t | 2022/06/22 21:02:44.17 | 23.65350 | 121.4735 10.0 415 | 21:02:55.59 X
& ks 1:02:44.07 6575 121.4747 5. 4.35 1:02:56. 15 (13.3%,
B & k| 2022/06/22 21:02:44.0 23.65750 2 0 3 21:02:56.36 2/15 (13.3%)

32 CWB ¢ st | 2022/06/23 20:21:22.47 | 23.61880 | 121.5121 10.0 429 | 20:21:33.88 X
FEE ko sv | 2022/06/23 20:21:22.26 | 23.64670 | 121.4756 8.69 442 | 20:21:36.23 2/15 (13.3%)

33 CWB & 5t | 2022/06/25 02:27:20.20 | 23.64800 | 121.3599 10.0 496 | 02:27:30.72 X
L ko sv | 2022/06/25 02:27:20.63 | 23.61620 | 121.3305 1154 527 | 02:27:31.23 4/11 (36.4%)

34 CWB % 5t | 2022/06/25 13:34:34.87 | 23.64430 | 121.3072 10.0 477 | 13:34:47.54 X
A& | 2022/06/25 13:34:35.02 | 23.65210 | 121.3124 12.15 517 | 13:34:47.83 7120 (35.0%)

35 CWB ¢ 3t | 2022/06/28 13:43:33.85 | 21.94520 | 120.2281 40.0 5.82 | 13:43:56.78 X
& k| 2022/06/28 13:43:38.65 | 22.26670 | 120.5959 5.0 492 | 13:43:54.76 2/7 (28.6%)

36* CWB % st | 2022/07/24 00:32:36.99 | 23.27890 | 121.4509 20.0 5.04 | 00:32:48.25 X
FEE ks | 2022/07/24 00:32:37.95 | 23.27590 | 121.4999 5.0 552 | 00:32:48.25 7/7 (100%)

37* CWB & st | 2022/07/28 00:16:18.32 | 22.95880 | 121.3385 40.0 5.6 00:16:29.29 X
FEE ko sv | 2022/07/28 00:16:19.95 | 22.93990 | 121.2235 5.0 5.02 | 00:16:34.27 9/9 (100%)

38** | CWB %5t | 2022/09/17 13:41:18.70 | 23.12700 | 121.1243 10.0 7.14 | 13:41:26.31 X
FE ks | 2022/09/17 13:41:17.61 | 23.06170 | 121.1272 20.0 6.58 | 13:41:25.02 2/5 (40.0%)

39** | CWB % 3t | 2022/09/18 06:44:15.36 | 23.16850 | 121.1280 10.0 6.69 | 06:44:22.25 X
A& st | 2022/09/18 06:44:15.54 | 23.14780 | 121.1630 10.0 6.52 | 06:44:23.42 7/16 (43.8%)
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40 CWB & st | 2022/09/30 14:37:21.97 | 22.88950 | 121.2794 10.0 5.04 | 14:37:31.71 X

& ks | 2022/09/30 14:37:22.67 | 22.97250 | 121.3039 10.0 4.6 14:37:31.23 5/8 (62.5%)

41* CWB & st | 2022/10/02 20:25:23.20 | 23.50250 | 121.3456 20.0 524 | 20:25:33.73 X

K&k k| 2022/10/02 20:25:24.74 | 23.47970 | 121.4706 10.0 4.69 20:25:31.25 9/9 (100%)

42 CWB % 5t | 2022/10/07 05:13:25.64 | 23.46650 | 121.2928 10.0 4.17 | 05:13:39.22 X

&k k| 2022/10/07 05:13:23.93 | 23.53350 | 121.1438 9.59 5.55 05:13:34.27 3/8 (37.5%)

43 CWB % st | 2022/10/07 14:06:55.87 | 23.45220 | 121.3110 10.0 412 | 14:.07:08.73 X

K& ik | 2022/10/07 14:06:55.79 | 23.48500 | 121.2248 5.2 494 | 14:.07:05.82 5/13 (38.5%)

44 CWB % st | 2022/10/10 12:17:53.10 | 23.65340 | 121.4782 40.0 539 | 12:18:05.06 X

& k| 2022/10/10 12:17:54.55 | 23.62910 | 121.4874 11.88 498 | 12:18:03.17 3/5 (60.0%)

45 CWB ¢ 3t | 2022/10/10 19:24:43.95 | 24.04090 | 122.1671 20.0 577 | 19:25:01.20 X

& k| 2022/10/10 19:24:45.24 | 24.10370 | 122.1240 14.94 591 | 19:25:00.23 5/10 (50.0%)

46 CWB % st | 2022/10/22 04:38:12.33 | 23.23750 | 121.2173 10.0 4.11 | 04:38:22.53 X

& k| 2022/10/22 04:38:12.04 | 23.29820 | 121.1874 10.18 514 | 04:38:21.55 5/6 (83.3%)
47 CWB % st | 2022/10/28 15:30:47.63 | 24.57930 | 121.9538 30.0 5.1 15:30:59.32 X

FEE k| 2022/10/28 15:30:51.20 | 24.59740 | 121.8543 10.0 4.57 | 15:31:03.56 2/14 (14.3%)
45 CWB & st | 2022/10/31 08:48:28.69 | 22.90980 | 121.2262 10.0 5.78 | 08:48:41.48 X

& k| 2022/10/31 08:48:28.37 | 22.90390 | 121.2398 9.84 542 | 08:48:39.87 3/10 (30.0%)
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