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Abstract

Earthquake happens frequently in Taiwan region; people hope that they can receive
earthquake warning as soon as possible when the seismic event occurs. Although the early
warning methods we have today are used for years, there are still a lot of problems need
to be solved. For example, the lack of huge earthquake records, the direction of the fault
propagation and the tradeoff between accuracy and warning time. Since the amount of
data grows nowadays, there is a chance that machine learning can push the boundary of
earthquake early warning and reduce the warning blinded area. In this project, we
rearrange the CWB earthquake catalog and implement TEAM model proposed by GFZ.
We hope that new algorithms can improve the predict accuracy of the peak ground motion
and shred down some early warning time. After TEAM has been trained by the earthquake
events in Taiwan, it shows that a well-trained model only needs 4 sec of waveforms to get
a relatively accurate value of predicted PGA. The PGA prediction plots of Taiwan are
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similar to the results using the Italian datasets. Moreover, the Taiwanese R? of the
regression is higher than Italian when using 25 sec of waveforms, which indicates that
TEAM model can converge and the implementation of TEAM in Taiwan is meaningful
and can be studied.

Keywords: Earthquake ~ deep-learning ~ earthquake early warning
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2.05 True Predict Plot
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4.05 True Predict Plot
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16.0s True Predict Plot
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Count

2012-2017 TSMIP PGA count magnitude resample by 1.5
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G-l S S S

ensemble 10
waveform_model_dims 500, 500, 500
output_mlp_dims 150, 100, 50, 30, 10
output_location_dims 150, 100, 50, 50, 50
n_heads 10
att_dropout 0.0
initializer_range 0.02
hidden_dim 1000
transformer_layers 6
hidden_dropout 0.0

activation relu
n_pga_targets 15
location_mixture 15
pga_mixture 5
magnitude_mixture 5

borehole false
max_stations 25
bias_mag_mu 3.5
bias_mag_sigma 0.5
bias_loc_mu 0
bias_loc_sigma 2
event_token_init_range 0.02
no_event_token true
rotation_anchor 23.5,0
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fHéks PR Sk

learning_rate 0.0001
clipnorm 1.0
epochs_single_station 5
epochs_full_model 5
filter_single_station_by pick true
ensemble_rotation true
batch_size 16
min_upsample_magnitude 4
magnitude_resampling 1.5
translate false
disable_station_foreshadowing true
selection_skew 1000
pga_from_inactive true
shuffle_train_dev true
trigger_based true
scale_metadata false
upsample_high_station_events 10
transform_target_only false
pga_selection_skew 1000
cutout_start -1
cutout_end 25
pos_offset 0,121
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Abstract

The earthquake early warning (EEW) system is the most important technique to
reduce loss of life and property in an earthquake in a recent decade and successfully
worked in several damage earthquakes. Since Taiwan has high seismicity and the dense
seismic stations operated by Central Weather Bureau (CWB), the machine learning
approach may be a useful way to study earthquake behaviors based on huge amount of
data. However, it is still difficult to study the EEW issues by applying the machine
learning approach due to lack of seismic records of large earthquakes. In this project, we
evaluate the empirical Green’s function method and try to simulate waveforms of a large
event (M6+) by using those of a smaller event (M4~5). After analyzing three large
earthquakes, which are 2013 Nantou, 2016 Meinong, and 2019 Hualien earthquakes, we
conclude that the empirical Green’s function approach is functional well with filtered
waveforms (0.2 ~ 1 Hz). The magnitude of the small event should be larger than 4.0, and
the magnitude difference between two earthquakes should be large than 0.5. However,
we discover that the empirical Green’s function method still needs to be improved for
applying on the issues of EEW. The problems are that (1) the bandwidth of waveforms
(0.2 ~ 1 Hz) is not wide enough for intensity estimation; (2) P-wave signals would be
buried in this bandwidth that causes the difficulty of the EEW approach; (3) noises would
be enhanced during the processing that may contaminate the waveform database. It is
worthwhile to further investigate these problems in the future.
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(EGF ¥ B)i Ay Pt A ¥ EHEGF ¥ R2 ¥ B8 R RMHIL 4002 o
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4 j 2008012423 Mw 505
200104 01 Mw S0
O 39 Meinong Earthquake

0501 M 51

.

200900418 MW 500 -

2001 240G My L 66

2018 Mw 6.41 Hualian Earthquake
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EGF |2014/01/14/16:44:27|120.9843| 23.8608 | 14.98 347.54 24.23 70.34 4.5

4.2 ~2016 32 )k R RR S ¥

)
[

e SRR) | wRGR) |FREKM) 4w (k)| HE(R)|FHE(R) Mw

462
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=
Pt
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/ Additional structures
in the 2020 version

Bl= ~ TEM PSHA2020 #& 2 & Rifd »# » Fd ME R LA W 2 2 RF
# (M2 B$ 4820 Chanetal, 2020) -
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B T EE-FAB AR B e B A FBE (A ud A
& DLll'fVDLz’) VUL G AT A
zygzbum%i%xcf+n,ua (2)

-, . A
Dy, = DLZ/(% X Cy + 1), (3)

P DDA W4 7§ - fo¥ - BHORES S TG TEF Ay frAn s
\}4]% ﬂ- %—\ 1 =T r‘f’la,; — “‘L‘f?{_f\."q—:: Q‘L‘fﬁ‘f‘fjal ﬁ% ;AL1+L2@; %\ g’f#lﬁ&i)}:\q Eﬁ‘i’ %% °
4’Q$W&ﬁ—@Aﬁﬂﬂm;%wwmﬁdﬁﬁﬁﬁmﬁﬁﬁiﬁﬁw$’

T\—/TF‘

Cl — 10b><(ML1_ML1+L2) X DL1+L2/DL1; A (4)
Diii12 = Cy X Dyy', (%)
H o My feMygy Fa] 8- B f#i‘éfi’ﬂ RN Dpayr 7 7 Hd
A d 5 Dppkor % - B difd - &7 % - BRiEal B (Dffsr2)fr 8
‘”f?(DLz DR 2 B e 0 Low
C, = 10PX(ML2=Mp1+12) % Di1412/Dpoi 4 % (6)
Difi12 = C2 X Dy, (7)

Iy

B MpZm %2 Bl ) o Dpdon & = Bipaifd (357 54 - KEF ). 7
ll'b ’ g f#—l‘éﬂ’;"u Eﬁlﬁ-ﬁ% j? DL1+L25? L 2&'\ ik

P

: _ pl1 N L2

Dri+r2 = D1z + Dityre, R4S (®)
HARE R 17 M 2T 5

Riiv12 = Driv12/Dri+r2- )

ﬁ@¢ﬁ<é’ﬁdi@m&ﬁ R fo¥ s iRl R B (AW 5 Ry,
’ff'RLz) A F7‘ T\’r‘ &

Ry1 =Dy /Dy 112 (10)
R, = DLZ/DLZIa (11)
v 8k (ID6) FRATH ek (ID8) % b -
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C; = 1011%(6417665) 5 0.87/0.83 = 0.57 (#7+ %7k ) ;

447.03
205.03

DH.,, = 0.57 x 0.294 = 0.168 mm/year;

D,;' = 0.66/(——=x 0.57 + 1) = 0.294 meter;

C, = 1011x(6:48-665) 5 0.87/0.90 = 0.628 (#7+ # 4 47k ) ;

447.03
242.00

D, =1.44/( x 0.628 + 1) = 0.666 meter;

Df2.,, =0.628 x 0.666 = 0.419 mm/year;

Di1+12 = 0.168 + 0.419 = 0.587 mm/year;

Riy41, = 0.87/0.587 = 1,483 years ( % {3 A i ¥ ) ;
Ry, = 0.83/0.29 X 1000 = 2,823 years (#7+ %74 h3TE % )

jPae

Ri, = 0.90/0.67 X 1000 = 1,351 years (#7+ 4 47k ch3T L L% )

2.3 FFRIEBLA I S 0T

% TEM PSHA2015 ¥ Bk %74 i1 5 @2 ALA chke & T 2 Ripd sl s
ﬁ 5 7p ¥~ 4 # (Poissonian Distribution) = 7 i » 1T & 3F 5 7 ’Frﬁ BT BEK (4o
Chan et al., 2017) -

Fleb o AR # 9 R GERF R (Brownian Passage Time » f§ £ ¢ "BPT ) #-

4] (Ellsworth etal,, 1999) + % £ 1 - gt H s 4 G 2 RS ERT $ 1
sk 5 o BPT #-3] eng & Svdkc (density function > @ A :"DF ) ¥ 1 & 7 5

DF:[ i j exp —M, (12)

ra’t’ 20 ut

g H RATHIRGFH ot CRPER RS- SBANREEIERF o * 4

EEH M > A3 03 7] 0.7 2 F o Chan et al. (2017) #-p #3R* >t 4 842 &
fﬁle X R o A ERE BAABIE RE T ORLE B RET AN
Z R BT 20% ( "Chanetal,2017 ; — 2 2.4 2) o Fpt > AP AFA T ¢ B
EXPFEO0S-

A pEd TEM ¢ 3 REHRIE' Y S0 B {eiid 2 Rosiodp le Bl (2 ) 112
P TR B A o A 2018 B B A Ak S0 E enp gl o

ITEM ¢ » 2 ¥ B (http:/tec.earth.sinica.edu.tw/TEM/hisevent/hisdoc.php )
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BPT 3] 4 7 SEd b s ) chps AR E £ 7 L Y B vednd s ) { + i
g BLA s bl4ed; it (ID16)~ AJeF—= 7 (ID22)~ 11 2 F # (ID32) %7k o & 2 >
&E%iﬁﬁmw%%i%ﬁm%agT%’M%%I%SEK%ﬁW&GDB)
g1 3ogr (ID 15) %7k 02 2 3 1999 & gLl ehd 4 1 #7k (ID 17)

RHpLE 4 T2 RS (Fl-) M2 HELE RS 58k (- ) BI7F
RRBHBAAKT PR ADE RS (Fr ac)-

—— QKRG EHPEMEZREREEN — —— DRRI0FEH P EMEZREMEE — —— CARS0F 6% R EMh 2 5T H —

o1 sen ¥ AREFERLRE 2+ MM
.

S

sm

FRENEYEXERERS

¥ ad oo

Wit &R
| r—
IEEEERE]

Mwos 1% AEMAR RS
RELLCT Y osv08 13015 nummx
M2 % oy

2ANEATHE  opt0 nnw Ta
Moo tex oo 1%

’

Bl ~ 2 BHd AR ()20 & ~(b)30 & > 22 50 &£ B3 R4S H -

24 RRF B BR

“$ TREFANEIRBERIZF RO FHEFI N ATRER 2T FE R RSP
B & > TEM PSHA2020 Fep#]* %3 Rif 4 2 L7 (smoothing kernel ) % = =
EFER o HRBRAFIBFLE FRBHELE BT FROUI B RIEIT
52"‘%_/?5 A ‘T fl‘x?vllfj‘il/v\ 21 'B‘A.»/},%l}ad%l F B (%}— ) &%F\ Z f')a/ i
RIfT* £ BHAGER o 03] 2 A Gutenberg-Rlchter’s Law (G-R Law,
Gutenberg and Richter, 1944) :

log(N)=a—-bM

S AP @R 5 110 <R AP E N E R n (£ )
BEFE AR Eb B TGRS RESRAR  wFT a7

2228 BERBAERZ a~b B s (T 2L ) IR R A NEN 40 2
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BREBR o
. density
Area a-value b-value size (km?)
(M >4)

SO01 4.09 1.10 37289 1.31x105
S02 4.48 1.10 16356 7.35x10%
S03 4.01 1.10 14025 2.90x105
S04 3.45 1.10 4277 2.62x105
SO05A 3.96 1.10 2656 1.37x10+
S05B 4.75 1.10 1917 1.17x103
S06 5.47 1.10 3402 3.45x1073
S07 5.26 1.10 3817 1.90x103
SO08A 4.71 1.10 4316 4.73x104
S08B 4.05 1.10 6991 6.39x10
S09 4.94 1.10 1589 2.18x103
S10 5.23 1.10 1879 3.60x10-
S11 5.12 1.10 2892 1.81x103
S12 5.23 1.10 5969 1.13x103
S13 4.95 1.10 8706 4.07x10+4
S14A 4.83 1.10 1616 1.66x103
S14B 5.42 1.10 3207 3.26x103
S14C 5.24 1.10 4626 1.49x10
S15 5.73 1.10 2819 7.58x103
S16 5.94 1.10 5178 6.69x103
S17A 5.63 1.10 2740 6.19x103
S17B 4.72 1.10 1407 1.48x1073
S18A 5.42 1.10 2806 3.73x10
S18B 4.89 1.10 2205 1.40x103
S19A 5.50 1.10 3551 3.54x103
S19B 4.88 1.10 2786 1.08x103
S20 4.91 1.10 14624 2.21x10+4
S21 5.38 1.10 28197 3.39x10
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Area
source

Smoothing
approach

1

Forecasted seismicity
rate (/kme/year)
= =
10 10° 10+ 10° 102 A
a

|
MI > (@) %8RBI (b) ZFHLFREPS FE RESR -

",% TR D eog R e o AR 445 Woo (1996) % “"é‘ﬁﬂ—' jﬁﬂ‘% ERE
'gf'%'éﬁ”f'}l\:ﬂ»’ - B '%%/ WA e BRB AL B ando 7 ERIRE
TET i EERDVTIEIPORERRDH P (Chan etal., 2019) o ipfE Y i ;ﬁ-
d TR BP BT i BER S VOLRE AT L e RR B agE
ey Uk Ra BRI Ao AT L

5 \-PL
K(M,x~x,)= PL2_1 14 2L ,
TH (M) H(M)
A T %f"#p@: + % (bandwidth) & e HM) T_& 5 R s M e BE it
_lzt_’_‘E' :i it 2 B enT ISEE4E o 4o Aron

H(M)zc-ed'M,

B9 oo d 7 LBy AR oK Beo AT - BRI R & AP
# % bandwidth Sdicshc o d @4 B 5 0.0146 fr 1.1893 » #5fsd w2 941 43 8 o)
RESRND (BT b)o PR R 2 RECL (BT a) THR Gt »mp
B AR S RERRGBLRT IR RES RO B R T
TR B R BRI § S0 SR

1395184 77 4 (Chanetal,2019) #4v > %8 BRI oS F i3 2 B o &
%’Eﬂ;nb 4 7}9? _':Fllkbgk F“FF'B?"V),%; R 'l?‘ﬁ-"’"] ) . L—p:r‘lpmﬁ:iﬁ_;fﬂt’ - Jfflfirﬁ
BE (LBE 5 50%)-
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FER RIS (Fe ) SRR (FT a)> 22 243 (M1 b) %2 K
":“] ’?gilgf'_%ﬁf‘?\zz F%ﬁ—xﬁf'R?}g (E] )°~<‘L%&"Fl-r ’ éﬁx“mfﬁé ’
=

=
B B2 RS (4rBl a) kb B (4c@B = c)e %% & G-RLaw
1%%0F4’_%ﬁMHoaﬁﬁ’ﬁ:%ﬁﬁﬁiﬂ’ﬁﬁﬁilﬁﬁﬁ%
ZPRARF PP A RS RIFER RO ILFTEF IS R R
TEIRBE AL 2T MR

i i
- ¥ u C. -

k 2

23°

22° |
~ 5.0=sM<6.0 6.0=sM<7.0

( d
i-'_4OSM<50

120° 121° 122° 123° Seismicity density rate (/km2/year)
10¢ 10% 10* 10° 102 10" 10°

*Some active fault has potential to
generate earthquakes with 6=M>7.

Bl ~ 28422 % (a) 214050~ (b) #RH5.0-6.0° 2% (c) R4 6.0-7.0 2 &
ZwmAR (Hm:&T328k%a)

Hod PR RRA O MTE- HEMEFRBT AT PA T REE R
Fa G »RFRAHBF P J
P=1—-exp(-rxT)"
HY or G RERFXY > TEE RS2 T 5 rFpRFER (Eix:

25 W RABBBERBF

ﬁ_‘\"xp‘\""%”f'}?nﬁ? CHE L3 ,;p_.ﬂj—ﬁ%‘gpfypx w2 J&—l—ﬁﬁ‘iou#\j\i_&
ZERRRELN BT ERLE R REFAET (B ) %87 #3448
LR T (R0 FFR7 ~ 12 (REL 2 60) ¥ R S AT T2
WRME M RIFEG R L BT EINEF ’Wwfg&ﬁﬁﬁ*ﬂ*f4é\<
A (R 6.0) B R F1HEF FRE B A AT W RFEY R AT
BTG AR TR RTER RLE T o
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o5° a. b — c
- J o
x =" ~
s
24 &
/ ’
= /
e
23° 7
L &
& - a1 L
4.0=sM<5.0 WS.OSNKG.O 6.0=M<7.0
120° 121° 120° 123° T 5 *Some active fault has potential to
||Earthquak‘e prob-abl:lty within I10 years (/km?/year) generate earthquakes with 6:M>7.
O.O(I)1 % O.OK‘I % 0.‘{ % 1I% 10% 100 %

Bl- ALl mAkLtEpNEFD (a) RH40-50(b) RF5.0-600 122 (c) %
HE6.0-7.0 3 B2 485 o

A O R TR R 6
¥K%hﬁ“ﬁ£ﬁ%ﬁ°yﬂ’%ﬁﬁ*;ﬁﬁﬁﬂ‘AM%E%QA
7T B RATE R BT AH L0 R R AT R LT KR
BB A o PG IR BB HRA R B RS o d e B R
< EFE ?,}571132 ‘m"'ﬁxi‘fﬁ’}#w P oo AE R R L e B R RN R
2o A B A R I ROLIER RO 1 S - RCTIEgE

y=f(M.R) >

PoyRk dnkdE M ﬂJﬁﬁfﬁ— R EFEHE o 77 % o 30 RO B HERESE 4 %
FooXRHCA <A e /}é“'i\"’%ﬁﬁ F s dapLR TR g St
AF 7 H* Lin(2009) #& 12 % B E S (B~ )e ;Z”f‘/)é\“\%ﬁv} ¢
i SRR (AL TTSMIP ) 808 2 4 8% %o SRR T
fﬂt“éi%:ﬁ“i"ﬁ f;’? _J.Iﬁa%/%f" T B }a’\'fi/ﬁ\"ﬁ’ri"

i L Pl T

R T S
AEpE 0 004015 ¢ lfpﬁg%frvi;‘gmfbﬂj’:f;):;f—"‘;ﬁ
?"@ EE7 3 BRI f’f'lv}’i\‘ F“j&—ll%‘ﬁ-ﬂhﬁ?f#};— ’
xfﬁ 195 Lin (2009) 253 # %50 > T4 & g
Biiw i B E G B B (W)

“%‘”
*"-“‘\
Wi%
& -
=
v
—
o
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GMPE_curves

1
Mw=6
0.5 [ VW=55 N
[ Mw=5 N
L Mw=a.5 Ny N
0.2 T viwea N
0.15 =L
N N
5 O HE—F= B
<C ~
S ~
a
0.05 N
Mw=8/0
MWw=7[5
0.02 Mw=" \\
. Mw=6
\
. ™N
\
| \
0.01 GMPE thrust-faulting setting
Vs30 =520m/s
Ref. Lin, 2 i i
0.005 ‘e in, : 008 dlsse‘rtatlon
0.1 0.2 0.5 1 2 5 10 20 50 100 200 300
R(km)

B~ ~ 123 Lin(2009) 353 85 % i N30 7 LHEH B (A 3.044.9.4.5-5.0+
5546.0) "R L FEZ TE 5 PGA & (B = :g)o0.04~015g = 5 ¥ B & & P4
LR

PGA=0.04g PGA=0.15g
Mw3.0(08km) Mw4.0(02Km)
Mw4.0(11km Mw7.5 Mw4.5§04km
Mw4.5§15km; . Mw5.0(07km 25°00"
Mw5.0(20km) ngg 1%%
M. 0l40km) Nw6.5(19km 02
Mw6.5 63km; Mw7,0(22km;
Mw?7.0(78km) Mw7.5(25km; 03
Mw7.5(101km) N
25°
24° g
3
— — p— °.
50 24°30'
T
120° 121° 122° 121°00'

Bli ~+4E (a)004-(b)0.15g FRas BRPEEHTIAL B2 FREF R
(R4 3.0-49-45-50-55-60) 7 v > REER L Fe- s TEM
PSHA2020 # #12. 2 Rigd » *  Ap M 2 Rifd 58340 Chanetal. (2020)
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2.7 FEIRP R AR

BFEILT v id e RIEE E?L%E@ﬁﬁﬁﬁﬁﬁﬁ?ﬁ%$ﬁﬁﬁ§ﬁ
B2 RS YR 004 02 015g S M BEEE T ABFERENT FE A
RET R FRZEREE (ABUES - AT ) BERET L Er RARK
AT RFIRERRAAES o AT ] AR REFT NG A RBELFER R A
LA RIT GBI TTERF 1 004 g THEEL 0 F YRR
4045 B> 8 $aTPF 5 2 B RR (SO5A) ¥ a3 FIFEF T o F HLEE
j%’%t’ﬁ TEBZF %ﬁ/@‘ilﬁrvﬂbwﬁ?ggﬂf og{i%*ﬁiﬂi 6.0 1+ >
Kﬁﬁ‘gfﬁ?ﬁ'—le IR /’I"/“K;u»% B oA g iﬁ-%{?‘l oo '/E't?g/i%ﬁ”{’ N
3R LRRD T A RE 7.0 0 SRR RIS SR R A

% 7

1
=F
(\x
#=

mﬁ@“@P““”ﬁf*/%%*%%ﬁﬁﬁao%ﬁwzowg;;
» %ii%ﬁ%i*oiﬁﬁﬁﬁ
ST RS R

N\
oW
—
N
3

j

iﬂ'i ﬁ(%ﬁ—ﬂ’“ 7.0) @ =

—
XN Tew P =
B ¥ " |7 b

" 4.0sM<d5 " 45sM<5.0 | 50sM<55

—
 — ¢ S—— T - —

" 6.5sM<7.0 N o L Cr0Mas 1K | 7.54M<8.0

5\ [ ‘a P3|
\ s \ 7 P2~ \
L /< N f P NP1

24° ~ |s06 ]
| $10 /s17A

23° % ;
I | I & Hsinchu site

22° () Area vith potential events
~ causing PGA=40 gal
120° 121 122 128
Bl 58 004g (Thad & EHATAE T RRAEE RP 338 RIF
%gaagg%o&aze3a§@;ﬁ\~éﬁapﬁﬁﬁm\~3%§ﬁé%
Nel &
X
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S—
T

" 4.0sM<4.5 ; " 45sM<5.0 k " 5.0sM<5.5 : " 5.55M<6.0

a o ) @
3 “\$05A \505A {5505A

—
—
Feg

050 | 6.0sM<65 5 " 6.5sM<7.0 , " “70sM<75 ¢ © 75<M<B.0 -
= V- 77\ 77\

s I e B B
s01 £ose)

501 5058

24° / / / /

23° " :” 1

22 I . o s
120° 121 122 123

Blt- ~F % 015g T BREEHIOE F2RREF A7V ad b &

FER WL ﬁfﬁ°f3?§%é%s%@ 2 MBS R BARS KA T 4.0-

45-7.0-7.5-7580 2 X @R RRT & XFEL T

28T FEE TH AW

BRRTAEIR RFERRZIRAREVAF AR VR HTRERR
RA KT RWF cHNRRBRR THRBLRRZ S S5 ab B REG
B(HEE:T222 ) PEEHTFRANET L0 AR A - $02 R
Rypt 3 R F (GRLE- ) T & w@ﬁwﬂﬂ(pi22i%)u£%%
BAARIEE (R 23 38 ) VLR RS ARFRI T - 277 R %
LELE TREFBRZFRBT o FE 004 12 0158 -y HIpE
AR PR RRET AR REBZFRBT (SRS
Zdm2 ) 4R 004 g FFEEFE HTRHIIT 6.0 2] # R A8
‘épié%;/}ﬁ( % 1 S05A ~SO1 ~ SOSB ~ S04+ 509 ~ S14A ) RERARRN (G

F

el

’
I
W

' Bt B R A S05B 2w B RR ¥ 0.5%/km?) o T A R

B fFEEH D 015 EMTRIFRAT LG HTEG B B
Fom (FALEAZ FHEINA AL R EBAEEY S05A Z RERK A
Q%Wmﬁ é*iﬁm60uJL,ﬁ’&ﬁﬁﬁﬁﬁ%‘mm(vﬁaﬁ7
’ﬁ‘%tﬁ““i’&é 0.1%/km?» 350 % = )o dp s » 2 Bffid b 2 # BRT i R
R A e A é‘«l?-ﬁd‘#ré%
1»*ﬁ;%ﬁ%‘(aw)&ﬁﬁﬁ%*;wﬁﬁi%<n8\a@N@m,
3_w ?ﬁﬁ%f?i‘é c AR L EFS B 6.7 F 5 10.68% - Uﬁé;,g B HEA
B 0.15g P HE LR RFEY F o
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%km®) R~ R RGP RS (H

& Hsinchusite

O Area with potential events
causing PGA240 gal

120° 121° 122° 128°
Earthquake probability density within 30 years (/km?)
0.001% 0.01% 0.1 % 1% 10% 100 %

0.04g iFh i BFEEHTATAL B FAWE AT LS8R
pa

T E
FERR2ZARRME AR 30 #F BT
%

3
EBRoRRRERUFRGA (H i
%) Aw 2 o

555 | 7.0aM<7.5

24°

23°

& Hsinchussite

() Areawith potentalevents
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120° 121° 122° 123°
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%\’E_ ‘ﬁgﬁ%q’%”?\:i?\:ﬁ%f}ﬁ‘?Fﬁ—ﬁ?*f‘hﬁﬁ&%ﬁ—(ﬁfi:23)‘#\% 30 EF\
PRRHZFERBF cFHRBEEANEAT 004 XD 015g FRpFHIPELR
WF a2 2 RwERR -
Closest Magnitude range
Source Distance to the
site (km) 4045 4550 5055 5560 6065 6570
S05A 5.0 0.16%
So1 14.6 0.00% 0.00%
S05B 15.8 0.35% 0.10% 0.03%
S04 28.2 0.00% 0.00% 0.00%
S09 351 0.02% 0.00% 0.00%
S14A 37.4 0.04%  0.01%  0.00%
S06 52.3 0.01%  0.00%
S$10 63.7 0.03% 0.01%
S17A 68.7 0.05% 0.01%
S15 68.8 0.06%  0.02%

*The probability is based on the rate .
of 1 km2 on each area source. Within PGAref=40 gal

B Vithin PGAref=150 gal

2w AGTATRR R R R e Haed (B 22 )y Ak 30 &P
FRPSF O UZFRAK - FREFEERANAT 004 L3 0.15g 5y BIE
EFET L R

pistance o, bty in
ID Name to the site y Magnitude
(km) 30 years

3 Yangmei structure 14.2 1.91% 6.0
2 Shuanilienio structure 17.8 1.11% 6.2
12 East Miaoli structure 23.3 6.73% 6.2
10 Miaoli frontal structure 296 9.53% 6.7
it Tunglo structure 38.8 5.35% 6.0
14 Sanyi fault 457 3.80% 6.6
1 Shanchiao fault 47.6 4.09% 7.0
15 Tuntzuchiao fault 491 3.35% 6.6
37 Northern llan structure 51.3 9.41% 6.8
16 Changhua fault 52.0 4.15% 7.6
ili7 Chelungpu fault 53.3 8.18% 76
18 Tamaopu-Shuangtung fault 55.3 4.38% 7.0
[l Within PGAref=150 gal Within PGAref=40 gal
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2.9 £ 80 gs

AR B RATHI P & (b k0 2018) B B P BB K G
FNGFAANN0 2 E BUP LR EERT IR P 1T5 hi A Eh T E
2R3 i (targetslope, TS) jo & 4545+ 175 " & BEM 1 :§£iJ SLEH M AT i
# & (dip) & 4w (strike) 7 "L% chehdip £7 strike 3 & et B R F R L B A E
B BRH S WY LT LB P T 0 s BT o BE - RTS i
iR AP R B ke ussi-o (T BEHR) ~ sy (FRAE BEER) ~ pp (%% B EE) ~ dw
(Rh =) 2 Ve(WRAFHEF) P Sdcy 5 i Re JH A OFHeFS &
PRV EWE AT RE EET Yang et al (2014) ** T I Bl % b7
AR B S Bt p ﬁza_x;v#;‘: 211 T 6 A\ HAER AT o BlL v a kg
T 175 R TS 2§ &~ B35 B+ b 542 TS muf 8 a0 dip &2 strike e077 R,
AR o

¥ Real-time TSMIP 461

25

8 Target Slope (T$) 175

24"

237 =

Bt e~ ()FBM LR TR A G o (D) AE At o

210 3 ¢ S aip b 2

A RES RS R BB 19902020 % B ARECS 6.0 G R F
£z TSMIP 3¢ 3 #5 e &> 23 116 4F 2 (B 7 ) ® £ 1 2020 # 6 * TSMIP
BLRIG R 2 5 461 Rl TREUEL @ R (Bl a @2 £7)) 0 £EF e
REEFEHE A B H 4v_ii R & (peak ground acceleratlon PGA) &2+ » Fik B
& (peak ground velocity, PGV) 4 i B > Bl T & %/ & 7+ 2010 # 7 i 2 ~ 2013
M B % 2016 £ £ kK B PGA A G Fﬁ?] Fﬁ?]—LI 24 gz £951% 4 PGA

~ 196 gal (1 gal=1 cm/sz)mé,?u« B2k o # ¥ EEE iR 4F S PGA PR
B (G=196 gal) |z 5 ¢ o 2 T EEYE (radius=15 km) % :&7%*:‘—'2“ ’ EE:B %
Bl TS o RIZZRIEE 5 TS = % et & P2k (representative station, RS) o F "Z g *

o H-#H TSV gt - B3 5B RSP
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1990-2020 CWE Calalou M larger than 6.0 116 sarthauakes

|
025 80 250 1000
PGA(gal)

211 T FHARE B o 47

Newmark 4% 4 472 &% * 393 FEHRM T 6 JFH 58 Fd > s 8K
TR M Bk BT A MR B A R 2 A
FIFE s B GEEE AL EHBL M) S T TV REEE T 6 30Uk
S ER R ¢ 5 T RRA R R B R A BT o i
ORAR R BE SRR IS BETREEN D TR ANFERBFL
(slip-weakening) » 1343 i& T BHRBF BB GELF A H R L (B =
a) B EFH R TT R uss-o (PR BHE) ~ wp (X5 B > dw (TS 24)
- B R AESES (v) F REF HEET F&R 0 T RE R MR F
v ,USS\v=ool;;5 Hp’ 323@?&?/”\*%%? 18 HUSSv=0 (7= = @5‘%‘%“&) » Ve (TR /ﬁ’ﬁ%
5@3:)3;%’2 RUEBE 2 gy 5 E (B2 b)o & Newmark A 47 4Ljs? 3 &

%8~ TS sl erstrike &2 dip 2 3 & 4540 k2 Bl (B = c) R
ﬁmwméc GRCEREEHBEARTHE B2 d &;Tm%ﬁﬂ it £ e
ih“-*% CFA B AR ERRPFERE 0L RAF S BT (le) & 233.5me

Ra o R F Y dI0 BT i L K E e B g4 B F kg2 — > Ft d10 4p

&-F’“ﬁ.a/’f fr R FHARFHRADT 2 o
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w(d) = p,, +(pt, - g, Yexp(In(0.05)d /d, ) (@

y @
M, " cHy
S 2 A
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CART Decision Tree / Accuracy: 72% (testing dataset)
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C5.0 Decision Tree / Accuracy: 68% (Testing dataset)
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CART Decision Tree

/ Accuracy: 81.25% PGA <266
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C5.0 Decision Tree
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Abstract

Timeliness has always been an inevitable subject in operating an earthquake early
warning (EEW) systems. For this reason, Central Weather Bureau (CWB) in Taiwan has
equipped real-time transmission functions for those stations of Taiwan Strong-Motion
Instrument Program (TSMIP) from 2015, thereby increasing the density of real-time
observation stations and making the earthquake locating process become faster and
more accurate. In addition, 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, earthquake rapid report system, and providing high-quality earthquake
records. Whether it is for earthquake prevention, disaster reduction or earthquake
science research, it indeed made a great contribution. Therefore, if the both two
networks can be integrated, a large and complete seismic network will be formed. With
a large amount of data, the existing earthquake location system will be optimized.
Hoping to effectively improve the timeliness of the EEW system. And the time for
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producing warning information will be shortened. Currently, two systems are merged in
operation. We hope to get good results after correcting systematic difference.

Keywords: Earthquake, Earthquake Early Warning, High-density Seismic
Network
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