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Abstract

The research objective of this project is to apply deep learning techniques to
earthquake early warning systems, with the aim of quickly calculating the maximum
seismic intensity in different regions and providing longer warning times. Based on the
"Transformer Earthquake Alerting Model" (TEAM) framework proposed by
Munchmeyer et al. in 2021, we use the seismic records from the TSMIP dataset between
1991 and 2020 for training and testing. Preliminary research results show that the TEAM
model for Taiwan requires only 3 seconds of waveform data to predict a relatively
accurate PGA estimate, demonstrating its potential. Through subsequent analysis, it was
discovered that some of the training data needs to be filtered to improve the model's
performance. However, due to the outdated nature of the original code, it was challenging
to maintain. This year, the old code has been rewritten to allow the software to run on
new hardware. Additionally, the independent development now enables complete control
over the model's architectural design, allowing for diverse and complex experiments such
as ensemble learning. This system is referred to as the "Taiwan Transformer Shaking
Alert Model" (TTSAM), and it has been successfully deployed and operational on the
Meteorological Agency's servers this year.

Keywords: Earthquake ~ deep-learning ~ earthquake early warning ~ TTSAM
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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 can issue reports within 16 s and 23 s for inland and offshore events,
respectively. To further the performance, a key is to obtain fast and robust information
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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 ML>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. With the near-field ground motion inversion method
previously developed, we demonstrate that including rupture directivity gives improved
ground motion estimation in most cases but underestimates the near-fault strong ground
motions for the 2022 Chihshang earthquake with magnitude close or above 7. We
therefore modify the previous point-source inversion method to a line-source inversion
one accounting for empirical fault length information to overcome the issue in the first
half of the year. In the second half of the year, we test and compare a new-generation
ground motion model (Chao et al.,, 2020) with more tunable parameters and
higher-resolution Vs30 site term correction for ground motion prediction. The results
show further improvement mainly in mid-to-far field prediction. There is still a room to
improve for the near-field prediction and will be the topic for further investigation.

Keywords : Earthquake early warning, Rupture directivity, Ground motion
amplification, Shake alert
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* Distance — not all measures useful for future events

Projectionyof rupture onto Earth's surface

Most Commonly Used:

Rrup
R,g (0.0 for station

over the fault)

Hypocenter High-stress zone

Fault rupture
David M. Boore

W= ~ &fiedae s (B-p D.M. Boore k) -
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3.2 Chao20 % # -3 2. f§ 4

T @:]prfg@qw Raisgmy? oHEF TE8r 224
(SSHAC Level 3) ;> & # & W% ﬁﬁ‘ﬂfﬂ’“ig%‘wﬁ’% R T)iiév\%frﬁ@ Fo B ET
L Bk B2 A 1"@? BrERATASHENOBRFE I A LB ELBRSFL
chp BB A (GMM) - 4 % 5 Phung et al. (2020a; 2020b)4= Chao et al. (2020) - iz
R - e B R o F ?\%‘Eﬁuf‘“‘* IR E i * chHsiao et al. (2006)#-3) =
TRFOLRE > AT Rk B RS RApB RS R0 = <8 AW
# & & (Crustal) ~ *£:2 F = 5. F = & (Subduction interface) ~ £ 2 F F 5. p &= &
(Subductlon intraslab) ; #t #F 5 37— R SRS FHF Lo F RF RE RIS 250
PSR E ,,,:f@

*tF Afe LA R Chaoetal (2020)3 # #-7) - £ 7 ARG, oI CI N

R S A drﬁ'{j\ﬂ‘—f‘ff‘ B e 0 % PR Jz% * 7 e g ARy it
i~ F‘e‘n R~ BEfeda E2k o B~ 5 Chao20 3 & 0] cnd i) 5 PR &
(Summary of Function Form) » s* #£& % 7] 4! Chao20 # a‘w%‘““] e #e 78 i (Function

form)%z H 4% ¥+ :# & (Reference spectral acceleratlon) n Sref 0 =PI )ii ¢
’fq#gjﬁ ’[@.—(ﬂag) g dE KEHR T B RRBHIE BRAN > ¢ I5i %74 (Ferro) ~ &

%1 (Fcr,no) 3\?’ %'%] (Fcr,ss) > ‘f pd :r% ’I‘F‘Lﬂu i (Fsb |nter) N "’f pd :r% %}Ih&. P)‘ (Fsb |ntra) ~ A }Egi

é7‘*%2(Fas) TRIR A B R F 2L (Franila) 3£ 58 5 » )375;3’*%1‘—"" E A =)

H-hk 1% 2 (Fmeasured; Fgeology; Fseismic) ° HoY ghcr~Cp ™4 232 Ml

&k < R 78 (Source scaling term)lgsourcer‘ s M BBE LN b R R R
% (Smagcr; Smag:sp)~ B 4 Jg > 23 P fhu G - B Heaviside e s e A~ R AR
BAVER R S 8c(Szor) 0 R S Ztor FAF RHB PRI E A SER o At
B Y # O BRI (Mw) 0 FI At B R A P 4R Mw BciE o BB TR
e (Path scaling term)Spaen® * P14 fé B i S o 2B () s
Flab 33 RIRRAd » ROBARIZL R x> B3 < 2 F < J& (Sgeom,cr;
Sgeomsb) o 3 AP e H L oj rUETE IE]—(FInIte -fault term) » £ F 474 R AR FuT R4
%m@’¢% %ﬁﬂ£p—am’w %&%H%ﬂmm*@%ﬁwam&&o

PHCA YRR S BB ST BE(Rup) 0 B & S ORIEET - B TR hBC RS
(%] ) ﬂf\-"i“ %?j 'rﬁ * é’f‘lﬁ-ﬁ: ﬁE’(Rem)E\“ E;/}EI‘&I-:'(Rhypo)7P e f‘f' RJB(/P 3 L‘*fré] *
AP LobhEiEd)d F5 P nE BRI RY R DEERRE S N FRA
FOPUET R PR Rup € G 45 PF o a3k © & 9E (Site scaling term) @ ¥ g s 2 2
B Bhk T s site,linﬂfrbsite,non v Bt Vs 2 Ziow fadrnk Sl A B AITE A
30 2T R 4 g R AP A i A 1.0 ;}E_/;f;'}fl K g R o
Chao20 #3] foif # R+ % 5 Heos BP0 L B3 * Vo (7 5 Huk ek
F sy gtecndgrni ooy o o - B 78 RAFE L AFF S 2 (Hsiao et al.
2006)¢i & £ B -

$ 7 > Chao20 4] 2058 ¥ & 483 (S, ~ [Bsfripy » A &g %1
fr%%‘aﬁ-ﬁﬂi}‘é&iﬁ&f# s T LIRS ch RO R 2 chfy

P FHERI B AL RRERCLR Y FHER 54 0 F ’13‘—
17 T B EBMATS IV EL RRRZ R (S anE L B >IN m;,
ROEGA T o AT ER L RR B A AE RET R
B RRAETY PRI G ENY ko
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52 > #% Chao20 ¥ S 42| > fofp ¥ 72520 % 2 L8 & (R
RAERE ()7 & # LRI E Rup~(3)F & & iRl sk cndat $-8(Vsao 2 Zy0) ° Chao
et al. (2019)= ¥ & * Chao20 315 & fi it & & M & #c(Co)i™ s 97k AL 5 & o f2
T E AR S FRFEE A2 st AAH ALY 5 AR ik 1l B
AREFEFHETG BRe wRERE PR EWAIE L L 23 FT
b b F xerd 2 B S¥c o Hra S8 Vs BId B4 7 & % (Kuo et al. 2012;
Chen etal. 2020)% fF p 487 % > iRl3b 2. Zio A BRI AT & 7 d Gsk Pt fa a @
(Kuo et al. 2017) -

€% Vsgom 22 S ¥ 530385 3% S 4F > M Ay EEW ApB 2 s @ 3 > %
A% %A 24 Vs B(Chenetal. 2020) - 3f & m Rk chy B REZ AT 2 d
B 0.05&(¥522)E-##% 8 3 500 =% o ¥ 4245374 7 (Chao et al. 2021) »
FRHCT Vo B d iz @ @ ehipleh > B 5§ R Vsao chip| b2 A ARERF L7 1L 5%
M%) 20% » toF R kREEF R Vo chBicE B 4o 0 RIERY A2 B e B B
RV ZL=x#d -
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Summary of Function Form
Function Form of Proposed Ground Motion Model
InSa = InS. + Ssource + Spatn + Ssitettn + Ssitemon + 8¢ + 85 + 8¢ = Spatn + Ssivemon + Ee + S5+ 6¢
Ee = E™ 4+ Ssource + 8e
Ss =57 + Sqireqin + 85
Reference Spectral Acceleration
Ins;* = g™ 4 s/
E™ = ¢\Ferro + CoFersss + €3Fermo + CaFspinter + CsFepintra + CoFas + €7Fmantta
S™ = cy6Fmeasurea + C27Fgeotogy + C28Fsetsmic

Source scaling term
S,

source — “mag + Szt0r
Smag = Smag,erFer + Smag.svFep
Smager = Co(My — ML) + cyo(My, — MET)" = c10(My, — 7.6)2u(M,, — 7.6) + c43 (5 — M, )u(5 — M,,)
Smagss = Co(My — MET) + ¢15(5 — M, )u(5 — M) + ¢45(6 — M, )u(6 — M,)
Te0F s, meer (M — MU(M,, — Me) + CaoFpinera(Mi — M)u(M,, — M)
Sztor = CuaFer(Zeor — Z::rn) + C1sFepinter(Zeor — mr,sb,mttr) +c16Fapntra(Zeor — Z::r.w,mzm)
Path scaling term
Spath = Sgeom + Sanet

Sgeom — Sgeom.chcr + Sgeom.sb Fsb

JRZ,, + H?
Sgeomer = [Cn + "19(Mw = M:rc,)] In| —2——
[z

JRE, +HZ
S = [cyg + Coo(min{M,,. M} — M) in L kit

geomsbh —
f(k::{,)z +H?

H=hFy + thanlerexP(C4‘mrer(Mw — Mu(M,, — M) + thb.fntraexP(C‘l’lmra(Mw — M )u(M,, — M,.))
Sanet = fzxpa(Rmp = R:{a) + fzstb(Rrup = R:—:{a
Site scaling term

V
Suaenan = (V2] = Ven)-LSin (122 = n(Spsan + 24) + 1n (S + 282012 )
V330 VS!O

Viao Z10
Ssitejin = C24 [n (V:-_e[) ey ln (zr_e[
s30 1.0

408 [ V3,+35542
ref _ . $30
2 = exp(——in (17502 +355. 42))

B~ ~ Chao20 # & #-3| cha a5  #£& (B~p Chaoetal. 2020) -
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T~ BE AT
41 BLH 2 o A 4

ffs LB * 374 Chao20 ¥+ #5#-7](Chao et al., 2020):& {7 7p &
e APRALFR Y HE2 11 KSR E 6.0 9 2T
2§ %% %3V (Hsiao et al., 2006) 2. B & i 7l g o 23011 &
RBprZEIFP BF FEIDRAS p ik - 970 > T g Il E
Fend B3 220 R 0P c R RT 2R e » AR B2 6372
Mg beafge o 29 PSR LRRSOFEE > 402019 £ 4 0 &
ke B0 FARE BeiTA A RADRIEES BRMEAPH A EATHER 0 2016 & 2
FRF BRIRGE $FH > LB 8L DR FIF K AHFRAKNE D o

LSRN
N
s b sk

|

%g&a-mw b
N :
ST

T oo ¥ W

wIE
3

=

I S AELURIEEER B F G RE S R e U s g
o

Date Time Lon. Lat. Dep. ML Dir.  J2018% Others*

2012/02/26 02:35:00.43 120.754 22.752 26.3 6.3 340 330

2013/03/27 02:03:19.63 121.052 23.902 19.4 6.2 270 290 285/271

2013/06/02 05:43:03.21 120.974 23.861 14.5 6.4 220 230 219/235

2013/10/31 12:02:09.54 121.348 23.566 14.9 6.4 20 20 27

2016/02/05 19:57:26.08 120.543 22.922 14.6 6.6 0 310 305/299

2019/04/18 05:01:07.11 121.559 24.054 20.3 6.3 240 10

2021/04/18 14:14:37.80 121.480 23.859 14.4 6.2 190 150

2022/03/22 20:29:59.12 121.430 23.419 22.6 6.0 150 220

2022/06/02 01:05:07.78 121.454 23.686 7.0 6.1 10 50

2022/09/17 13:41:19.11 121.161 23.984 8.6 6.6 220 210

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

# * Janetal. (2018)2L35% 4 % e AT E R 2w ite % o
*Rp G OVETR F FE R B S A S e Tk (Lee, 2017; Wen et al., 2014; Jian
etal., 2017) -

4.2 PGA 37 fr’vﬁ:’_i‘l e §5 3 15 A 1

P % 27 Chao20 ¥ #+ 107 s & » & * 3 L5 B2 Hsiao06 # % i 5% F
TR S ,__@&1,;3,? B Az ® » # - Chao20 B~ it Hsiao06 *i& {7 > & 4
s @’*%F«‘/E WL AT A e R A R oo R S FQ%{,J“-?‘«UL'FB? ﬁi/};ﬂzﬁgﬁ
SR E 8 e 5 2 B R R - B 0 Y BTN B 0t g R
PREEHEASGE Q2 TFIFEEEF AR ER Y B FE25 NN hF
Lo 3 ke b BT ]Fmé.a}@; ZH X o frm lﬁ'lj*%#’ ;lﬁm%ff?‘?ﬁl’"’fg_ J T o
B4 52022 % 97" 18p# 3 R5-~10~15-204)> » LR hch B3 5 5%
R S 3 L LT PR PRy
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Fa) o 7 025 BI9E 6 AR A bR R (B T FT L1 et £ ) -
911520 HAE R § AP AR A ME= Ve + 0t fpdon w0 i
BB L > T P ME p 2 feacd] 045

FopE s A 1]“”?5&;,5%/1%“’” TEEEP R LI KA ﬁ-w\ﬁk
§ARE PR TIOSW(R 50 3) ¢ G s S Bend Th AR
Ab@%a—m%Sﬁmﬁﬁﬁﬁwf EApY A 2 TR E L ;m@
9 E] ] e ME« £ 3R T b ﬁ%ﬁﬁw%~£&%%%ﬁé%¢%
DR SRRk St R | F’“ a5y Rk FE 25 22 i) k3R
B A A S POA L i S soge ta%@mwwm°f4’m”ﬂ6”2
P RE b (Bl - ) BB THme R T g bl 4 T 0k
LT (Bl - b)) FE & e B0 B fw AR iR L e hd T E S (F
Lo @l rRD T ERHL o A B R ’%i a5 ) p§ ST DA ¢
AR AR A ARAIEDD 2T PN PR B R B AR TR TR RS
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4.3 Chao20 22 Hsiao06 & & 3f iz v“ f&

AP A i§ (e BN e s g % T ko wEmetiE * Chao20 £
Hsiao06 3 &t e d3p G S R (Bl 2 ) o R L RFEIZAIT L = o ¥ 1 —Ffj— kil
Chao20 s13g 3= B0 (8 & 5 fics BF # ¢ 3 M anf 4 BE(ME) > # 5 & ¥ i
2022/09/18 =% + 3+ 2(0.45 % 0.71) » 2016/02/05 4% k3 Zv% & (0.45 4 0.53) -
e 2013/06/02 = #3+ & 22 2019/04/18 % tk~ BRI BT Aple o a2 > A "ﬁ 1A
B 5 RS o Fm EAT(R) BB )ehE # & 0§ 3 B2 Chao20 7 ME
A REHITH CRA B EOIEF TG {(F 0 LR ARLELRRFE P )
FPHREOERR BT FIE R 24 Ve TR R { Brganda il o
(Chen et al. 2020) -

# = ~Chao20 £ Hsiao06 7% 11 B4 2 ¥ £ ¥ $ PGAE 5 & Mant i -

Event Date Hsiao06_Line+Dir Chao20_Line+Dir
u c ME us® o5 MEs" c ME  pso oso  MEso

2012/02/26 -160 0.79 178 -0.64 062 089 -124 068 141 -0.98 080 127

2013/03/27 -0.25 057 0.62 -0.02 054 054 -0.05 059 059 0.03 068 0.03

2013/06/02 -0.09 055 056 0.00 031 031 -0.06 054 054 006 031 0.32

2013/10/31 -0.21 042 047 017 025 030 -024 050 055 031 033 045

2016/02/05 -0.22 0.48 053 021 035 041 -0.09 044 045 041 045 0.61

2019/04/18 -0.71 069 099 010 036 037 -078 068 1.03 015 035 0.38

2021/04/18 0.27 066 0.71 0.20 0.39 044 029 058 065 028 039 048

2022/03/22 -0.23 054 059 009 029 030 0.03 047 047 007 040 041

2022/06/02 032 052 061 003 031 031 006 047 047 006 026 027

2022/09/17 0.43 043 061 039 061 0.72 005 040 040 022 043 048

2022/09/18 052 049 071 065 061 089 -018 041 045 018 042 046

Average -0.15 055 072 010 040 0.46 -0.13 052 064 006 042 045

#)n w2 -ﬁmg“/? PGA>509&| bR A e e K ’ﬁ%——g’il %w'q'lpf‘g; o
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i- ‘*i*%ﬁ’%i*ﬁ.ﬁ

AR T L TN bAe 2002 7 0 8RR R SRR T et A8 R W
BTA ARG e PBLRAR BIER D E 0 AR T RAT 2T FIFE R R
Z o pwmpiE 22012 £ 3 2022 &0 & Al RERE Y S KON RS
30601l & BF i BEFAITE VR BEET KT o w bR
SRR B ERE R LR S BEN R ARAREHO6S = %’—ﬂ s
Wells and Coppersmith (1994) 55 ; %7k £ A 72 20 22 & 020 ¢ o i@ * 2 5 AR
R BT PR o AL EAPEY LA B MG M KGR E L)
TR E? A 2 %"’ﬁ—’ £ 0% B w AR K FATE 2 S8k % 4 Chao20 #7—-
s B 3] (Chao et al., 2020)2 > % % B R 7 VS30 TALE 7 11 84 B F 2 ch= &
FEleAtr o B g dFIRGT h A 2 Hsia006 3 & %NS ot i B IR
Chao20 # #+3 fz B % il § - HHchperec L » B ulbv ~ @ e % (¥ /) ¥
#E) 0 T oAt Eﬁ??—]%?ﬁi};\i M imenFha i3 oo e APREY BB AR o AP F IR
e & AR (2 TR TSR T AR (REETAIE) Y € BT R
B EPIE R Y AFEFEEETERS S 5 0 BT RAIRC AR el
AR ~ BFBEOERE G BP0 F B kREFE
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