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ABSTRACT

We continuously monitored four existing gamma-ray stations, including Taipei
Yangmingshan (YMSG), Hualien Dong Hwa University (DHUG), Chiayi Chung Cheng
University (CCUG) and Pingtung Kenting National Park (KTPG). Gamma ray was used
to measure and analyze the radioactive material released from crust fracture before the
earthquake. We also operated in coordination with the National Oceanic and Atmospheric
Administration (NOAA) outgoing long wave radiation (OLR) data and ionosphere
electron density variation.

This study proposed an improved analysis method to trace variations of outgoing
longwave radiation (OLR) for finding precursors of the earthquakes. The significance of
these observations is investigated using data sets of recent M > 6.0 earthquakes around
the Taiwan area from 2009 to 2019. We suggest that the precursory signal could be an
Eindex anomaly (EA) in the form of substantial thermal releases distributed near the
epicenter. The consecutive appearances of OLR EAs are observed as precursors two to
fifteen days before significant earthquakes, and we refer to this as a pre-earthquake OLR
Eingex anomaly (POEA).

The total electron content (TEC) data from Global lonosphere Maps (GIM) are used
to analyze the pre-earthquake ionospheric anomalies (PEIAs). The GIM-TEC are
provided by Center for Orbit Determination in Europe (CODE). The temporal variations
from a single site in Taiwan of GIM are used for detecting the earthquake precursors. In
this study, we apply the artificial intelligence (Al) to detect the anomalies before the
earthquakes in Taiwan region. The recurrent neural networks (RNN) are very suitable to
construct a model for time sequence data. Furthermore, the Long Short-Term Memory
(LSTM) is the most frequently used method of RNN. This project uses LSTM as an
infrastructure to build the predicting model for time sequence data. The difference
between the predicted TEC data and the observed TEC data will be evaluated to detect
the earthquake precursors.
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No.? Date Long. Lat.  Mag. Depth Daytime EA° Nighttime EA®  P¢
(°E)  (°N)  (Mpn) (km) (Days before the EQ)
14 2009/07/1402:05 12222 24.02 6.0 18.1 6,7,9 6,79 Y
249 2009/08/17 08:05 123.88 2337 6.8 43.3 N
39 2009/10/04 01:36 121.58 23.65 6.1 292 9 9 N
4 2009/11/0517:32 120.72 23.79 62 241  8,9,10 6,7,8,9,10 Y
5 2009/12/1921:02 121.66 2379 69 438 5,6,7,8,9,10 6,7.9,10 Y
6 2010/02/07 14:10 123.77 2333 6.6 88.0 5,9, 14 9 N
7 2010/03/04 08:18 120.71 2297 64 226 56,7,8,9,10 5,6,7,8,9,10 Y
8  2010/04/26 10:59 123.74 22,15 68 734 6,8 11,13 N
99 2010/10/0421:28 125.51 2397 6.6 350 6 6,11 N
10 2010/11/2120:31 121.69 23.85 6.1 469 5,6 2,7,24 Y
11 2011/10/30 11:23 123.16 2531 6.3 2158 5,7,8,9,10 9 Y
12 2012/02/26 10:35 120.75 2275 64 263 9,10 10 Y
13 2012/06/10 05:00 122.31 2446 6.6 699 7,9 9 Y
14 2013/03/27 10:03 121.05 23.90 62 194 5.6,8,9, 10 4,5.6,7.9,10 Y
15 2013/04/11 04:20 12222 20.65 6.1 22.1  6,7,9,10, 14 Y
16 2013/05/21 16:25 123.69 2333 6.1 53.1 7,8 3,7,11 Y
17 2013/06/02 13:43 12097 23.86 6.5 14.5 6,7,9 Y
18 2013/06/08 00:38 122.65 2398 62 353 6,7 6,7 Y
199 2013/09/06 19:33 122.28 20.05 6.8 2062 3,5 11,13 N
20 2013/10/3120:02 12135 23.57 64 150 5,6,8,9,10 5,6,7.9 Y
21 2014/12/11 05:03 122.61 2545 6.7 2686 3,13 3,13,20 N
22 2015/02/14 04:06 121.40 22.66 63 278 58,10 3,9 Y
23 2015/03/23 18:13 121.67 23.73 6.2 384 57,9 12 2,3,5,9 Y
24 2015/04/20 09:42 12244 2402 64 306 4,9,10, 11 Y
25 2016/02/0222:19 123.54 2542 6.7 203.7 N
26 2016/02/06 03:57 120.54 2292 6.6 146 9,25 11,12 Y
27 2016/05/12 11:17 121.98 24.69 6.1 8.9 8,11 12 Y
28  2016/05/3113:23 122.68 2549 69 2569 |12 21 N
29 2016/06/24 05:05 123.42 2353 6.1 47.0 10,14, 15 Y
30 2016/10/0623:52 12134 22,63 62 237 7,9, 13 8 Y
31 2018/02/06 23:50 121.73 24,10 6.2 6.3 14 15 N
32 2018/10/23 12:34 122.62 24.00 6.1 312 11 9,10 Y
33 2018/11/26 07:57 11852 2338 6.2 123 8,10 N
34 2019/04/18 13:01 121.56 24.05 63 203 4,56 2,20 Y
35 2019/08/08 05:28 12191 2444 62 242 7 7.8 %
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Abstract

After 921Chi-Chi earthquake, numerous magnetic anomaly signals were observed
in the northern and southern parts of the Chelungpu fault, and it is coincided with the time
of Chi-Chi earthquake occurred. It is generally believed that the magnetic minerals
contained in the formation will be dispersed in space, causing changes in the geomagnetic
field. This project includes not only the re-establishment of the geomagnetic
observation network, and the replacement of observation instruments, but also analyzing
geomagnetic observations associated with seismicity and changed in tectonic stress.

Key Words: Geomagnetic
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The Raw Data in CS Station
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The Raw Data in HC Station

20

HC
X component (nT)

A
ol Www“

e ]

\mﬂ WMJ 'u"‘fvm

T T

A

HC
Y component (nT)

A

N

= T
£
e
e g4 rl A (T I At hypbmaip Al L
a
£ w w “’\'\wfw / \/\/‘—w A e
8 /!
~ \’r\”\f WJ‘
.50 = |
(a) 10/16 mm mna 1018 1orzo
o Geomagnetic differential counts
0 ;
f i
g, ]
0
*
2 i
B —_ | | | |
o o3 o1 ots 0z 025 P
108
0 3
. i
£
o § 8 .
BE N
-
2 i
o | | | | |
o 005 0 015 02 028 0.
w0°
[ i
g
84 i
N
2 4
(b) - - ‘
o ous

Btz - ELrER
VAR - E e S
Bleb— s R E

018
Difference (nT)

Y
=S

A TR - A 1 %

41

2

> (b)

4L > 1L
»/L»‘g

-0.2

0.2

e
~

=

&
~

Difference (nT) Difference (nT)

Difference (nT)

Bl m RETHE (@2 W R Z B L(X)\@a(v)ﬁi»@
i B

HC



The Raw Data in LY Station
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The Raw Data in MT Statlon
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The Raw Data in NC Station
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The Raw Data in SM Station
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The Raw Data in TW Station
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The Raw Data in XC Station
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The Raw Data in YH Station
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Abstract

In the program of 2019, we developed the MagTIP algorithm based on the idea of
GEMSTIP (Chen and Chen, 2016; Chen et al.,, 2017). MagTIP calculates the TIP (Time
of Increased Probability) of earthquakes basing on the geomagnetic records of Central
Weather Bureau of Taiwan. The algorithm allows for the optimization of the model
parameters, and gives the owerall TIP (named joint-station TIP). Results shows
statistically significant consistency between calculated TIP (both the individual and joint-
station) and the occurrence of large earthquakes.

The program of 2019 focuses on establishing and testing the workflows, and
produces exemplary results; this year (2020), we further improved the MagTIP algorithm,
and built the forecasting model. We improved the MagTIP algorithm by considering the
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results calculated according to a large set of randomly permuted of model parameters
simultaneously. Hence, the improved MagTIP can provide more robust assessments to
the correlation between geomagnetic anomalies and earthquakes. Moreover, we
developed a system that provides real-time updated probabilistic predictions using the
geomagnetic records in the past. We also make an attempt to use the first derivative of
geomagnetic timeseries as additional variables in the model training phase, and obtained
preliminary results. In final, how different frequency bands, length of forecasting ranges
affect the performance of the prediction is assessed using the new MagTIP algorithm.

keyword: geomagnetic anomalies, earthquake precursor
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W %
201 Ml L BB R - FA o

#* ¢ ok k) ¥R
¥ W 120.5273 23.25192
34 TT 121.0613 22.79639
32 YL 121.2936 23.34925
5 % HC 120.8098 21.93567
i HL 121.6077 24.07368
B % PT 120.6531 22.70307
&3 YH 121.3792 24.66786
(3 SL 120.9558 23.79369
0 A LY 120.7791 24.3524
RS NC 121.6792 24.71661
& KM 118.4179 24.45009
@ CS 121.2259 23.11162
5 i MS 120.6330 22.611

%2 + 37 FF4R#(2015-11-16 T 2016-05-15)h SLHM, =50 2% - F 4 -

Event time Longitude (o) |Latitude (¢) |Magnitude (M;) [Depth (km)
2015/11/28 0852 122.26 25.19 5.15 219.36
2015/12/3 22:31 121.39 22.60 5.34 25.89
2015/12/31 08:53 121.80 21.41 5.03 147.42
2016/1/11 12:52 121.53 23.43 5.25 33.15
2016/1/19 10:13 121.31 22.79 5.80 29.72
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2016/2/18 09:09 120.87 23.02 5.27 5.44

2016/2/18 09:18 120.88 23.03 5.13 4.26

2016/2/6 0357 120.54 22.92 6.60 14.64

2016/2/6 03:58 120.43 22.94 5.26 18.10

2016/2/9 08:47 121.69 23.89 5.12 5.69

% 3 B4 FE4R¥(2015-11-16 1 2019-04-15)F 2. P 45+ B~ T - i P 2R W 8

IW 15 H P > piEe B LAEM, > 6 (BT - Pl T 50km p o B oo
Label Event time Longitude (o) Latitude (¢) Magnitude (M,) Depth (km)
EQK 1 ‘ 2016/2/6 0357  120.54 22.92 6.60 14.64

EQK_2 ‘ 2018/2/6 2350  121.73 24.10 6.26 6.31

% 4 (K% 3) B*IE4R¥(2015-11-16 T 2019-04-15)fF 2 P {E3 B3 4  p >0 4p
R Rt AR S o

Label ULF-A ULF-B ULF-C Not filtered

EQK_1 ‘ 0.63 0.93 0.89 0.44
EQK 2 ‘ 0.18 0.19 0.70 0.31
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Probability Forecast (not filtered Earthquake Properties: dep = 14.6 km; ML = 6.6; time = 03:57:00 o 1
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Probability Forecast (not filtered Earthquake Properties: dep = 6.3 km; ML = 6.3; time = 23:50:00 o 1

31-Jan-2018 01-Feb-2018 02-Feb-2018 03-Feb-2018
- .
, - 09
Vool
L\}’:/{‘? o
'é/‘;i_"{‘ / 0.8
T*‘rr ay
N/
Lo 0.7
06-Feb-2018 ) 07-Feb-2018
e 5 06
&&/ v vid
/ ) v, T
Vs ~ ‘\‘\4, o 3
L] AT Ho5 8
As ; /‘}j} N g
/ AA A A7 =
J:j//(f »/ -J‘:, b4 =
NCoa \ ety
N N 04
o LY 1J q
08-Feb-2018 09-Feb-2018 11-Feb-2018 . 03
£ S S,
Al Ayt Ayl
- . -
AT P s / f/i' 1™
lr.;_L‘ 3) ’_f / R j/ ! LU, {7
AT A TR
oKy Ry A
\ oY Y4 Ty aS et Y - 0.1
N SLY. NG
Y Y Y
u“ Q. ﬁ“ T % 'y"‘ T
o

Bl O PiEs BM, > 6% 2 5 #cp 2 MagTIP 5 & plabis b RApdRiss o # 0
1 4 20081114 3 20151115 5 sF4R ¥ & 20151116 & 20190415 - p &3 & 2k
L% plsk X [T SOKM P ALBEM, > 653 Bo P ER BF 4 P 3 AR A

BA2d BEAT R BT AR ERET L & o

68



Probability Forecast (ULF-A)

Earthquake Properties: dep = 14.6 km; ML = 6.6; time = 03:57:00 1
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Probability Forecast (ULF-A)

Earthquake Properties: dep = 6.3 km; ML = 6.3; time = 23:50:00
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Probability Forecast (ULF-B)

Earthquake Properties: dep = 14.6 km; ML = 6.6; time = 03:57:00
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Probability Forecast (ULF-B)

Earthquake Properties: dep = 6.3 km; ML = 6.3; time = 23:50:00
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Probability Forecast (ULF-C)
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Earthquake Properties: dep = 14.6 km; ML = 6.6; time = 03:57:00
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Probability Forecast (ULF-C)

Earthquake Properties: dep = 6.3 km; ML = 6.3; time = 23:50:00
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Fitting degrees of different forecasting phases

(data filter: ULF-C; Training duration: 7 yrs)

1r d
0.8 "N (atleast) = 2 2
©
06+ 3
;5)3 -
O 04 7 5
(@)
£ 02 17
=
orandomguess _ L 20 fL U S - _ - _.
_0.2 L 1 1 1
AL N\ AD A\ \:
1\6'\’\ 1\6\1\ A1 AN '\%\\ \‘5‘\’\
20 PN 20 20 2
Al Al Al Al” At
J\'\ AN ;\’\ '\'\ t\'\
B 9 9 o e®
@h Qﬁ o @h Qh

Forecasting phases

B 47 &/ﬁ»’fﬁ; ULF-C > = %—E_(& K) v 2 3p3F % BN 500 &5 £ Pk S BB

EQK 2 TIP ¥ & 42 T30E - S HF LT S o p

v

R

0 RTS8 IE Pe2o 500 MBS P sk ST ATt

§25

E

5 2

o

B 15

==

S

>

805 _f//\] L
o]

e

& 0

-6 -4 -2 0
diffS

i

-
&\‘ﬁ-\

yyyymmdd o 3!

SARARHARAL P L w A & D IR ASL P F - X o AL M(error bar)ik

k3l

ED

ledg & A2 R H 41 {R % X

0 100

diffk

200 300

Bl 48 i =L (CS)2x F# ) F e B A R 7| [x(D]ie > £ 2 * & (kurtosis(dx(t)/
dt) - 32 #Kgie) e ¥ & (skewness(dx(t)/db) » 7 idSgie) > T 8 S

92



HL

c

Ke)

g

26 0.015

2>

B

g 4 0.01

o

2

T'Eu 2 0.005

o

5 oL

-1 0 0 200 400
diffS diffk
Bl 49 FCifsp(HL) > TR B cny B pr A 7| [x(D]#cA~ £ 2 % & (kurtosis(dx(t)/
dt) - 32 Ky ¥ ¥ & (skewness(dx(t)/db) » 72 idSgie) » T 8 S
HC
5
'*é 25 =
0.

2 20
=

£ 15 0.02
©
> 10
= " 0.01
4 \

(o X

-0.2 0 0.2 0 200 400 600
diffS diffk
B 50 2% xk(HC) > F A48 B e BEpF R B 7| [x(D]ic~ £ 2 & A& (kurtosis(dx(t)/
dt) > 5 K gi6) 2 T B (skewness(dx(t) /dt) » 3z #aSgi) > & AR
KM

c

Re)

g 0.015

56

=

% 4 0.01

©

£ 0.005

5 2 '

i

(o]

a0 0

-2 0
diffS

0

500 1000
diffk

Bl 51 £ 2 KM) 2 FTHRHPEF O Z2FREFEIN[xO]MKks E 2% R
(kurtosis(dx(t)/dt) » & #Kyie)E 0 & (skewness(dx(t) /dt) » 35 #2Sqie) > F & &

93



LY

c
RS
S 20 0.05¢
=)
215 0.04 |
g) 0.03 1
S 10 '
2 0.02 f
8 5 Jl 0.01} IJ \
o
a 0 0
-0.5 0 0.5 0 100 200
diffS diffk
B 52 @ d Fx()2F R For 2P A [x@O]k” £ 2% R
(kurtosis(dx(t)/dt) » 32 #K ;)22 T & (skewness(dx(t) /dt) » 3 #Sge)~ F & 5
MS
S6 0.02
©
=
i 0.015
= 4
& 0.01
©
22
= J 0.005
®©
a0 0 e O A
-1 0 1 0 500 1000 1500
diffS diffk
B 53 & @d:k(MS)2 FH B F e B R 7| [x(D)ik A~ £ 2 % & (kurtosis(dx(t)/
dt) > 5 K gi6) 2 T B (skewness(dx(t) /dt) » 3z #aSgi) > & AR
NC
=
RS
E 8 0.025 f
g 0.02 ¢
.g 6
[} 0.015
O 4
2 0.01F k
92
© 0.005 |
: e |
o
-2 0 2 0 200 400 600
diffS diffk

B 54 55 :6(NC) > AL I I hsd 4P 8 A 71 [x (DA £ 2 % & (kurtosis(dx(t)/
dt) - 3 WK i) &2 # B (skewness(dx(t)/dt) » 32 #aSq;e) > # & &R

94



PT

C -4

S 0.06 610

[&]

c

5

20.04} 4

w

c

[4h]

o

2002} 2

E

3

S o - ‘ 0 -

5 20 0 0 10 20 0 2000 4000 6000
diffS diffk

B 55 B AP FHDEF BT E I [x(O))MA > £ 2 % & (kurtosis(dx(t)/
dt) - 32 WKy e ¥ & (skewness(dx(t)/db) @ 72 idSgie) » T & S

SL
& 15
o
2 0.015
210
£ 0.01
(]
©
25
= 0.005
©
o]
s L '
o
2 ] 0 1 5 0 200 400 600 800
diffS diffK

Bl 56 B =b(SL) 2> T B F g B B R 7| [x(D] s~ £ 2 % & (kurtosis(dx(t)/
dt) > 5 K gi6) 2 T B (skewness(dx(t) /dt) » 3z #aSgi) > & AR

TT

{ =

ks}

S 15 0.05

= |

= 0.04

210 0.03

[}

©

= 0.02

= 5

§ /JL 0.01 J

(@]

5 0 0

1 05 0 05 1 200 0 200 400 600
diffS diffk

B 57 £ A =b(TT)2FRE F o 2R A 7| [x(Oks £ 2 % & (kurtosis(dx(t)/
dt) - 32 WK gie) & # & (skewness(dx(t) /dt) » 72 #Sqg) > # W &R

95



TW

| o=
IS
© 0.05
E1s
s 0.04
£ 10 0.03
©
> 0.02
= 5¢}
- } 0.01 ]J
o]
(@]
a 0 0
0.5 0 05 4400 0 100 200 300
diffS diffk

(kurtosis(dx(t)/dt) » 32 #K ;)22 T & (skewness(dx(t) /dt) » 3 #Sge)~ F & 5

Bl 58 o + :(TW) 2 FH B B s BB A Sl [x(O] A £ 2 % B

YH
=
S
= 0.04
o
2
=10 0.03}
B
=
3 0.02
2 5
o ‘ L‘ 0.01 } L
)
o
S 0 0
05 0 0.5 100 0 100 200 300
diffS diffKk

B 59 #& T xh(YH) > FALEp B e B pE R A 7| [x(D]ic~ £ 2 & & (kurtosis(dx(t)/
dt) > 5 K gi6) 2 T B (skewness(dx(t) /dt) » 3z #aSgi) > & AR

YL
5 0.02
28|
2 0.015
26 \
e
8,4l 0.01
2
S ol 0.005
52 J
0
S0 ‘ 0
=" 05 0 05 1 15 -100 0 100 200 300
diffS diffk

B 60 T 2 k(YL) 2 TR B b B 5 AI[(O]cA £ 2 % R (kurtosis(dx(t)/
dt) - 3 WK i) &2 # B (skewness(dx(t)/dt) » 32 #aSq;e) > # & &R

96



Fitting Degree d

o
o

o
o

p
o
T

e
(¥

Fitting degrees of different forecasting phases
(data filter: no; 'graining duration: 7 yrs)

1 —
'NEQ (atleast) =2 2
L 3 3
4
5
0 random guess -
_ O i 2 1 1 L 1 1
'\'\'\6 l\’\'\Q) ,\'\'\6 \\}\6 l\’\'\6
0\6 ()}\6 Q\’l Qf\% Q,Q’\g
Y v N N N N
pAN % o\ AN N
0'\ A A A Q«d\

Forecasting phases

Bl 61 Rigik > 2 RE(S, K, Sqier Kqig) » & FFIF T B 500 ‘o58 & Jpl b Sy
HEQK 2 TIP R & 428 T30/ o R F 7T 2 b p PN 5 yyyymmdd -
VIR S EAR DAL P AT w e & T AE4RP AL T - X o 32E M (error bar)
Hor T ANTISE P2 500 L R 2R T AT TR S AR Bl R L

Fitting Degree d

o
el

o
)

o
N

o
N

Fitting degrees of different forecasting phases

(data filter: ULF-Ad' Training duration: 7 yrs)

-
1

'NEQ (at least) = 2 T 2
r ¢

Ngq (at most) =7

random guess _

o

Forecasting phases

B 62 jgidAf e ULF-A- 2 8 (S, K Sgien Kaie)> & F4F % 0 500 255 & i) =
SHHA N EQK 2 TIP 3 EBAE TIOE - FHRFFET 2 HMh > pHRNE
yyyymmdd o 3R EP L FER B AL P Am w4 E D IERB AP - X o A
A (error bar)t 7 AAEHIE B2 500 £F S Pk S lcT At E @ P s S 2R H

97



1R L

Fitting degrees of different forecasting phases

((data filter: ULF-B; Training duration: 7 yrs)
’NEQ at least) = 2 2

o
e

o
o)

NEQ (at most) = 4 4 4

o
o~

Fitting Degree d
o
N

random guess _

Forecasting phases

B 63 jgd i ULF-B- v #E (S, K, Sgier Kaiee) * & 38 % BN 500 v & pl b
SHHAH EQK 2 TIP 3 EMBAE TIOE - FHRFFET 2 HMh > pHRNE
yyyymmdd o PR HP R S FEAR B AL P A dE S & T IRAR AR P m - X o 3R A
Z(error bar) it 7 AMEHE Bz 500 B L pHE BT T @D g s e B
1R

98



Fitting degrees of different forecasting phases
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Mt

Combining the ionospheric total electron content (TEC) observations around
Taiwan area by the dual-frequency GNSS receivers and the historical earthquake
records, in this project, we try to find the long-term relationship between the
lonospheric anomaly and the occurrence of earthquake by the statistical analysis method.
According to the above relationship, we try to calculate the possible occurrence rate of
the recent earthquake, which provides the reference to the earthquake early warning
system.

Mt - THE 2T+ ¢ E ¥ RIEFE > lonosphere » Total Electron Content
(TEC) » Earthquake Early Warning
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28 L L )y L |
J“-\-mi 607 M>=5.0 EQ
Fad e 85M>=6.0EQ
27 7 -
26 . -
. [ ] ¥
R .
p, 3 ©
- . . L ]
— 25 r’;’ F\.%::‘:.-J: .-_..l. . L] . -
z & /r‘ AR o
bl g * . e f' " L,
S 24 f U P g f‘r
=1 " . -
= ‘& J[ d? AT e
L_U' ™ .":'.. f -.::.:. » " ’ ."..o
23 F % ..o.! . B -
. A
‘t‘:«_- 4 ¢
A _-r'.
i .
22 F A -
.
o,
21 ¢ , i - i -
® - o .
L ]
o
20 i i i |1 . i |1

118 119 120 121 122 123 124 125
Longitude (°E)

- \199542511 2019 & /¥ 3 ﬁa%%w”:w“s bz R(ES B £ 607 )
MIE B BB ANEN G 2 B(led B X B AR L2 A F A

“~

2 GIM &2 GPSTECﬁ ’E“fi7 Breni B0 Bl- BEr 2016 #2 % 5p
(UTF‘*F’“)%/&“ 234 w815 % 2 GIM(Bl = a)¥2 GPSTEC(Bl= b)>7+ 2 £ %
LA e FI {5f§ﬁ,/FF‘}'m%ﬁ'i’:’##ﬁlu’IEH&\TJF]A:KAJﬁﬁm%ﬁ
A5 0 (B RE J—fﬁ ' b f_ﬁ/? 3 L g w0 G)de GIM F B FL2/9 F = enpip B (E]._
(&)L‘ﬁ)ﬁéﬁﬁ 2 B P R (~0500UT #2~1300UT) ) 3. TEC *# & » i §_GPSTEC # poRL
(Bl (b) = 5031 &«;H 4 D31 B TEC % i (~0500UT) « fx LA X 35 » & F8H]
oL e ’ﬁ-" =Rl L #Elﬁ‘(“f 101/21 22 1/23 2 #F) > 1026 ~ 2/9 H e E TR
B¥ =@ 131~2/3~2/5~2/7~2/10-2/11 ~ 2/14 ~ 2/16 & BB AR Sl T at
AR

104



(a) GIM TEC (b) GPSTEC TEC

(11) 2016/02/05, ME.6 (22.92°N, 120.54°E) ~ 50 (01) 2016/02/05, M6.6 (22.92°N, 120.54°E)
. — £ g

s of ,-ﬂ*—-——,v——/\, o M e, 4 £ 0 e : . - e A
€ o “'» Wf M”‘W‘” 1 % -50pT AVt o v Ve
£-100 < -100| 1
=-150 £ -150f
Z 2001 M6.6 o -200+ M6.6

25['211 277325252 2728293030 1 2 3 & 5 6 7 8 9 01112 15141516 17181920 D'2502J122232425252723293031 3 45 6 7 8 91011121314151617181920

an. &

L d
23 24 25 26 27 28 29 30

%@w@&s

A £ AV N

| |
\ y Ve
”MVH%@M%J%&

TEC (TECU)

TEC (TECU)

A T00 BT G0 -—4\:..;:;
=
'_ -

TEC (TECU)

s BN
ooS855338 _ooc

T T

P
10 11 12 13 14 15 lG l? 18 19

Bl- <2016 # 2% 5 p (UTEF)ZEL 28455153233 7 B F75-(@)
2 GIM FALe(b) L5 % h GPSTEC FALed b & e3 B 5 ¥ g3 6 4 #ic(Dst index)
gt o 3Bl 2~4 L& % TEC % i} iﬂ CHP ERLE RFAREFUT) MG
& TEC it 25 2 4 .‘%ﬁm\wxij K™ hengit o & X gk i gho W)
REAFARBIFHEIERLZTAEF AL IREF X -

= m‘

b 3G 30 R fE- AR T o TRARF ORI LTF L FE
FPC AR ER Y 24§ RN (WACCMX) R i« § BRI TR A 4 2 a4tk £ A 17 F
wowﬂww IR SRS FRMTR M7 S TR TR
A EXI AP THORE - F WACCMX #55F HmT 4k B4R % > Al
%\ %M*“T’ I %( f«ﬁwm' w%;wa"méffﬁ*éﬁ%)’?-'” Ry T

#”f GPSTEC #7Ep|F| T 3k B ¥ W% > FHd & B & B T Hee § 973
2Rk B F o RS T RE > F1E WACCMX #58hg A5 FAL R 5
2000 #3] 2014 & (% 15 &) Fpt {1 WACCMX H58 4 470 25 T4k B ¥
PERFGE %2000 £ 3] 2014 = F o A E ST LRPAE N6 P hE REE o
TRZ gk 6 GPSTEC Bifl s # WACCMX Fr i BoF 3t 2014 & 12 010
PABETH RHEI5 X 2R3 § £ en® it 37 115 F) WACCMX 22 GPSTEC
hR ']\;‘ﬁéf;:%“(“f%%z)«’ ® L%‘L?Lﬁ‘#ﬁ LR S L I 1
#3KJJ£WACCMX B Fl w3 B 4 3% 2 % (12/6-12/8)F & A B ¥ g 4
fe £ GPSTEC | % § ¥ &% % 4  (12/6) 1™ % B ¥ -

105



(b) WACCMX

2014 Taiwan (24.0°N, 121.0°E)

(a) GPSTEC

(01) 2014/12/10, M6.7 (25.45°N, 122.61°E)

o G i . S —
= o o} Tt sy e 1
£ 58 Lt Tl SNSTVEL W e e e = A PO (S P T A e e i e ]
8100 2 S 1
£.150 i ]
% -200F M6.7 =

[ S S S S S L 0 % = o o Bl

2?12627282930 1D2 34567889 10111213141516171819202122232425
T T

i
<:
1|
s
E;;izi u
&

TEC (TECU)

“»/L;

TEC (TECU)

TECU
go B 88388 :oa

TEC (TECU)

TECU
£ 3888

: \UL/LJM U,.&JAL% J \J \J

nnnnn ——— UpperBound

= ~2014 & 12 7 10 p RH6.7 3 2w 4w {2 15 % g5 # Dst index % it (3«
rTR)G R 2T F B (% 2RI 58 B)EA) o ()& % GPSTEC gLip|
L% o (D)L WACCMX i % o o d s ¥ X mBpIFH > 2 Ma T h i
&Jﬁﬁﬂﬁﬁﬁoﬁﬁﬁiiﬂﬂﬁ%’i&A%T$£¢%°

Sl 2 ERTRABF THE ) FRIeT A o

- AR REDTRARF TS

oA GPSTEC GIMTEC WACCMX H:5%
4= @ 1995/01/01 4= @ 1998/05/01 4= : 2000/01/01
AR B
i$ 1 2019/12/31 iE 1 2019/12/31 ig :2014/12/31
M=6 4 24 #k 85 79 57

St 4 /?f; T ?,tﬁ/ﬁ—
ok /@1, F{é"”v‘*‘ﬁﬁi“l )

$+ @ GPSTEC 7 | 7 2
;F,
S CEE -

s Beid A 7 s | e

FRP R RV THE L YR G MG

BTAIY L TR B A TALE R FREAAPEL 0 AN
%mw15%76’ﬁ%%£#%4ﬁﬁ%%ﬁ’§ﬁﬂbﬁ* 7 el o 7]
iﬂ%ﬁﬁhﬁﬁ R RNy 8 T B % (1219F, 249N A
reC

F"}'iﬁr"”)‘a'ﬂ“vl‘é\’f‘r ¥eb- 2 oG ’iﬁ—ilﬂi%ﬁlﬁ v BARAAR L T

AOVARPI AT > B AT AHPREA T EN 6 b 2w BEFAYT o T e
AR R RAE B TRGAEFAT AL LSS o

F TS :%g: = 3N< *;;

106



(a) GPSTEC
ST T T T

Percentage (%)

0
15 -14 -13 -12 -11 -10 -9 -8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(b) G[MTEC Day to the earthquake
45 T T T T

T T T T T T T T T 1 T T T T T T T

Percentage (%)

0 1 i
15 -14 -13 -12 -11 -10 -9 -8 7 -6 5 -4 3 -2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Day to the earthquake
(c) WACCMX
] I B B S m— — T T T T T T T T 1 I | SN S . —
=3 4
g 4|
@
& 4
i
<2 -
g
o ]
&
0 IO NS DU DU SIS I DSOS NS NI BN mmm e SN DS DO SNOR IS DU e SO NS BUN  mym (O BN BN
15 -14 -13 -12 -11 -10 -9 -8 -7 -6 5 -4 3 -2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Day to the earthquake

Ble 72 F 28k 24 TG+ 208152 ¥ % 532 % % - (@)GPSTEC %
AT T AR BRI o @mmmciﬂ Ak P T AL - C)WACCMX 2+ #
FALR CEEE A e b TR S T2 B*J‘F'“uiw*“ﬁwrz—“r—r c B¢ 2
ﬂ?ﬁﬁﬁJﬁafﬁﬂ#%?iﬂﬂﬁ%mwwamg%nA$agww\@
A E 2 F RATREF I VbR S > Ad AEAFRBY I RS

J& 4 ¥ % GPSTEC sttt % (Bl (a))%i DR R B 1S 1 X (1) ;E;
w5 X (-5)2 B & B ,aauraVS%(S)rf’ 13%(13)’Tﬁ'ﬂ§1”ﬁifLL FREN R
Foa b AREAPAR N AR BT 6 X(6)DT7 X(-7) % 9 = (-9)F] % 12%(12)
By gEaw s 14 %(14) MR AR OES (GIMTEC » Bl (b)aiizt E 5% &
GPSTEC st % 24 4p i - T B B4 %08 16 1 % (+1)FI3 A 4%(4)11%
B 14 213w W52 (-15) B s kg x> a P R R A &R&Y DRt B9 5 X (-5)F
w13 A (1)L B e v R WP - % ¢ & GPSTEC & —ELLGIMTEC ffu;L&ﬁ—’r iE 2
EHp R AL A A 4«§%~6|~1L7,F_g.x—‘]]_q;;)?rﬁpﬂ. F“' é}ﬁ-%
B epiR s X A ER S M(T AR )L BB mama@fﬁ:up =5y
BEApRLow i EATFE A chh e BE 2(2016 # M6.6 £ k¥ 222 2018 & M6.2
i R) o AL ﬂ%jﬁ/fsﬁiiﬁﬁ c(PARREF)PRE . FHL LTSI e ART Y
K B ¥ 253 Aiﬁﬂﬁ% PN R ONE N 6 e BipiT R & T2 (SR E
i‘«ﬁaﬂlSJ{ @%mﬂ#—‘kﬁiécm,ljpbﬁ&a—ﬁp'rﬁl_)ﬁl#mw% ABE o
Bt EIT I_‘,"ﬁ?ﬁ‘],‘ % o

107



53] 7 ~ 4 ¥ % GPSTEC

Count

Count

(a) Upper boundary anomaly

9 T T T T

8, 7

7,

6,

5,

4_ 4

3 4

LS T e

o o 1 e .
199619982000200220042006200820102012201420162018

Year

9 (b) Lower boundary anomaly

8

7

6

5

4

3

2

1

0

199619982000200220042006200820102012201420162018
Year

8 % f(b)E L3agi o

Bl- ~ 277 48 GIMTEC

Count

Count

(a) Upper boundary anomaly

FA A2 BT HE I ARRE YR K@ETARA

6 T T T
5

4

3

il

1

8 PULLR DA
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
6 . . (b)ILOther bonenaéafyanqmalyl .
5

4

3

2

1

0

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

¥ X fik(b)E T o

W (@2 R @i R
§ MR E R
®

GIMTEC % % &

HEN(S
F &I 4

Year

TRA T2 R

R J  a

PR AA L R B X Rk g

YER: ()T AR A

108

B 4 % 2003 & & 2012 &

-

J-

]

TE@e TR

NEFEF o wER

% %% » GPSTEC #
Lo LR ARE kR



GPSTEC t3* £ R % % &7 1997 & ~ 2010 # 27 2019 # § Ap$t K > @ GIMTEC
Lt i ARF P kg 2007 & &2 2019-&};7&1;{'1‘&1@06 PRSI T E T B
T RBAAEEFGRHR)FS) o Ba A2 P AR Y REEEET > AT LB
& 2016 & £k 2222018 & T B gﬁ%ﬂ#llPﬁﬂ#piﬁjm@(o

5 Bit- # 7 2 GPSTEC # GIMTEC FLerhim st B o5 4 ek i
%ﬂ%ﬂ#i@w*wgmﬂw,rﬂw,\ﬁWACCMX}_«’%?% R e
BN TR W (02000 & 51 2014 £ 0 S5 22 57 LAHEL R0 ) e
BREEHRTEISI LA RN TSR TR L e
6 10%~45%2 (57 L4 R0 5 626 5 RAREF 2) 52 bH R fax
(-3)F % 12 = (-12)2 pf&ﬂ”fkﬁlf'*-i“l'ﬂﬁ B VP

19# ‘Fgﬂ—v_l’ %ﬂ#%ﬁ%‘* VIR o F’Lﬂg 1",_/)\}5 ')F,\? ﬁmm' PLVEA ’WACCMX?_‘ Sr»
A b = L %ﬂ#ﬁ?ﬁﬁ*““fﬁﬂ’#‘l FF o ¥4 -2a dFle@ERe
(b)7 GPSTEC ## GIMTEC 43 3% % § » # R4 % 1L X (+1)F|# B# 5 = (5)7
R ¥ kg FEF L &2 WACCMX 2+ ffe ﬁi‘Fﬁ%iﬁPFé“%"’{i REFEFF LD
BR(FTERBF 23(2M)A - Ko wP AR REE 1R GDIE R 5 2 (5
ﬂ*#%Tﬁﬂﬁmlﬁvu{ﬂ'*%H@m°m%ﬁwmﬂﬁvﬁmm%®
i m RoahR YRV THEE Rw Lo

iR WACCMX 2+ F 3 FHERH BH T TR E ¥ A e ¥
el BRI TR hE AR E - FHMRF o LT RABF A AR A
FEHROgL DD R R I g mAT R B 0% dico & 2000 # 2004
£ 2007 & - 2011&»%201441F;;p§mm,¢34 LA ESL RS A TR

-

A A geenE gURE L BAAPE o T - 26 0 T ug d) WACCMX shi 1t
AB%: 2 GPSTEC(® 1 )4+ GIMTEC(®l= )4n % # F o

(a) Upper boundary anomaly

8 T L T T
7 . 4
6 L 4
50
2 4%
O3
2
A TR
2000 2002 2004 2006 2008 2010 2012 2014
Year
8 (b). Lower ll‘.:oundall'y anomflly
7 [
6 L
5T
247
O3t
2 L
1
0

2000 2002 2004 2006 2008 2010 2012 2014
Year

B~ “WACCMX 2+ § FALI it 05 AL A4 2 0 B Tk ¢ 7 B % % 4 (a)
CRD R RS IOEEFTJUE

109



iy
R
‘ﬂ-'
{3

R - RN s ERTI A

T
*=
LS
A
1
.
“l
A
s

Ao EREREDTRE R F AR

Y GPSTEC GIMTEC WACCMX -3¢
FRBY = -14,-12 ~ -6 -13~-5 -12~-1,0
THRREHX -13,-8,-5~1 -15,-14,-4~1 -14, -13, -2

FRENRELG | REY AL
PREESM TR | PREESM TR 2TRAREYG 35
PHAEF 9OFE ~| By 128 | ~dEqHhgl
13 &k &1t TR

THREANF LV LT

v

PO RPIEL ERRITIL TRETRAN LT S R DAY > Fl IR st

Fpvale L R THEEF A LT ELEL VT HHFAoT

1. 1995 # 7] 2019 # £ 9146 % 2. ¥ SE{¥ 4B~ 85 % 4 (T E W B X v E (s 15
P TRBG R

2. R i3 10,000 =
3. H - X (Lo BB E 3 X )iz 7 10,000 X FHE A o

4, EHEF TR B A b Aen> % /10,000 £ = p-value

TR S ERRG 10000 X THE L TRREF DT KT EE R R
Ay Ris o BB R ¥ R onT o bk 4p % - # ¢ GPSTEC &2 GIMTEC ™ 7/ £ %
Wb AT g % B b 15% % % o GPSTEC et B B 4 0t &) 5 17%s% < »* GIMTEC
¢116% - WACCMX 7F % B % %1t 5] %) 5 15% » ¥ GPSTEC v GIMTEC #p:7 -
B F X R+ 2 GPSTEC & GIMTEC » # 8.5 5 22% % + © #%-F ~ ()%
%2 4 e % GPSTEC Tt v 3 H & 4 % ehp-value ®(%% %2 3
b A) > @ p-value BAS] R E (R F R )AREF o f1 B ROHIH IR
* 4B GIMTEC 722 WACCMX * § Tk i #0558 T3+ 8 p-value > ¥ 2 i 3
Bl hi% o B L end > 51 FEF T4 o Aig s GIMTEC 2 p-value 3+ &
pFB- 1998 &£ 5 7 1 p 3| 2019 #£ £ 7915 % 2z ¢ KB 79 X § (T B X 5 A iEfF
WACCMX 2 p-value 3+ ¥ p& | £ 3~ 2000 £ ] 2014 # £ 5478 % z_ ¥ %P~ 57 <
EEE R AR

110



’fBFE » % i 5 £ % 10,000 ﬁ“ﬁﬁﬁ;?njgﬁeﬁqi $2% % - ()GPSTEC + ?/ O R
R BRI T o C)WACCMX 2 % § FTHp LA F

iy

FH (b)GIMTEC rHF
7}‘

o
o in

(a) GPSTEC

S«
T

Percentage (%)
S »
T
|

- N W W

=)
T
|

0 1 1 1 1 1 L 1 1 1 1 | Ll L1l 1 1 I [T 1 1 1 1 1 I L 1 1
-15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Day to the earthquake

1 1 1 I I I I I I 1 T 1 I I 1 I I 1 I I

o Gkt f

10— —

5k -

0 i i i i i L i ak ' i L 1 i b= =k i 't ' L 1 i i i i e 1 1 i

-15 -14 -13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Day to the earthgquake

45 T T | T T T T T T T T T T T T T T T T T T T T T T T

“(c) WACCMX .

[ TP S S W W W W S S S W S

10 -
5|8

) 1 1 1 1 1 1 1 1 1 1 L 1 | 1 1 | 1 1 1 1 L 1 1 1
-15 -14 -13 -12 -11 -10 -9 -8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7
Day to the earthguake

o =
o
-
=]
=
-
]
—
w
—
Y
«

(2) GPSTEC

P vallue
o
n

0 1 L 1 1 1 1 4
-15-14 -13-12-11-10 -9 -8 -7 % -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1j(b] G[MTEC Day to the earthquake

P vallue
=)
n

0 1 L 1 1 1 1
-15 -14 -13-12-11-10 -9 -8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

(cl) ‘WA‘C‘CMX Day to the earthquake

P vallue
=3
“n

1 L | 1 I 1 1 1 1 | | 1 1 1 1 1 L L 1 1 1 1 1 1 1 | L

0
-15 -14-13-12-11-10 -9 -8 -7 6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15
Day to the earthquake

B4 ~ 2R adh R4 FHger gais 15 X p- value ¥ %% - (a)GPSTEC
kT A LR T @»NACCMX E

%?%%Em?ﬂo@mmmc

FREAR A TR B A R B ﬁ%mlafﬁﬂ¢m¢%o

111



4 4+ % GPSTEC ?ﬁ"*'r’v’v p-value(Bl 4 ())& % » & 2w 1 < (-1)F]
() HERTHBA(8)EH I3A(I)TAB Y F | hE AL RBFR ;
w7 X (-7)Fw 8 % (-8)&w Ew % 11 % (-11)7F $&| hip-value & o @ > ﬁ?
GIMTEC F #!p-value(Bl 4 (b)) GPSTEC % % 4p 0> 887 i~ F‘au 1= (-1)3]
3 (-3)\H B H 8 A (B)¥ K ¥ 14 % (-14)5]% 15 % (-15)7 mpmm@m
FRBERARGE B % 8 % (-8)&z 2o 10 = (-10)F]= 11 = (—11)1)’?@ p-value
EHCl o 24 F TR WACCMX #3 F A 458 51T % & ¥ chp-value % i 48
%2 GPSTEC 4 GIMTEC e % 2% 7 I > p-value »t3» 2% 12 % (-12)3]+ 14
*H@$@+ﬁaoaiﬂﬂ$Mé%gﬁ“3%(a 56 % (-6)2% ¥ R 10
% (-10)F| % 11 % (-11)F #-] e p-value & 313 > i&22 GPSTEC fr GIMTEC ¢ %

FOBRAR 02 PR RWE R R A TEC LR m'mj BB F TS gRTAFR
9 g5 58 o

"%{\tw

1

ez R gp-value e T S BT 4oT & o

2z AR RELEDTHRE R Y p-value S o

?‘a‘ bl GPSTEC GIMTEC WACCMX #-5%
+ AR ¥ p-vale -7,-8,-11 -8, -10, -11 -3,-6,-10, -11
T R E ¥ p-value -3~-1,-8,-13 | -1~-3,-8,-14,-15 -12, -14

5 p#RHED PR PBIPE

sk FER kg o Rl QFEP A¥ R LAGFEDIH 5 (D) =+ T4
BT R RE IR ’ﬁ“‘i“f& 1%( YRl 3 2 (3T R R A I
B~ (a)® 710,000 E5TH#sRIE 5 % 7% L4 B4 (@) T REF p-value
B R 1 A (-1)F A 3 %(3)@:5& ﬁ—’z‘mg BH RO AE TR R Y LAY
BEeh, #9 8- BX FHBRT FWACCMX %) ke BBy o
Mt o BT RREY A THERZAP Ay A% FREPE b A pr EES 2
$u3t 44 % % (Statistical Reference Probability, SRP) -

Bl s Rt 0y ST BF P En AR cREP T AF R
a@a BOER B A A A 4] wS%mmﬁﬁTﬂﬂﬁ‘i%%@#f
1 3485 O)F Me@? DAtk ™ R EF L fsdv @ as 2s 2
i%t\ﬁi"(SRP BE)odrBl Lt Fm ek £ X 517 6P (1/6)’ moan 1 X (1/5)2'7’JSRP

WiEsz 12 70p (1/7) TR E a2 %(1/4)5”SRP EREE128p (1/8)7\
JIE s L REET U E D5 X P SRP BRI IFA 0 R /\%%‘; 1 7 p ()

Pl1 % 6p(1/6):+ 8 852 SRP E#iisi 172 8 P (1/8)ersg pliE & B 2t 4 |}
1 X A/6)esgpliE(k p >t 1/4) > 1o BV ac B 24 5 o

112



(o) EBHE FREEFE

j l ' | I e
11| 12|13 ||1/4 | [1/5| 166 17 18 19 110 1/11
|
(b) H5t MR R :
e e
1 l 1 l l '| l 1 1 l — BHi
11 (|12 (13 ||1/4 | 1/5|1/6 17 1/8 1/9 110 1/11

B FRHIAPETPIPA T LM BRI WL L 67 @

LR E LT AR (AR 12 F s 0 ()3 W @K R O
5;(5) @i'%ﬁi—u}}\4%"«_§,‘_

I st 2Rl 1999 & 9213 BT 5 bl SR ARL - T o T4
REEE i 4 1000 & & 263 % (920> UT B /Y) » @ + 2% % 2 % (DOY261)7F #
(SRR (0 52§ A8 AR S g 1 514 R 13 (DOY262) et PSRP i ¢

% 262 X 275 > SRP ER[AX k4% B P 5 0 P F>+% 265 = (9/22)% 4 M6.8

st B F 268 3 (9/25)% 4 MB.8 i B o 45T ok MPER ¢ B3] 1000 & - #F
_’& _tj —Fl',-_\;c.h -rg].l- - o

50 T

P e e

£ -100 ¢

o -150F

Q -200r

“250 L 1 I i L 1 I I I

f40242244246248250252254256258260262264266268270

?0-8' M6.8

= 0.6+

& 0.4+ —

0.2 ¢ -

0
240242 244 246 248 250 252 254 256 258 260 262 264 266 268 270
Day of Year (1999)

B~ - ~1999 # 921 » R+ 15 SRP & % i 13} o (a)Dst 4y ccn% i+ o (b)SRP & &5
Bt d EMAARIOMN 2B B p > FS FRERTE BRE

113



Bl-+t=- i 1999 # - FFE Dst ¥ gip#ic~ SRP & RaF 4 p I (R )

Bl o v gty & ﬁ’i‘ 4 e0p Hp4@ > SRP @il LA s HE &
9% 02%2 4 -+ 1** I % 140 % 244 Bt A SRP i 2 £ B (M6.2)
MEBA 12 % LB - 5 180 % 54 il SRR o b R be (55 g

B d o vt ik SRP £ %R A B A+ 3B AT ik
kr}°ltﬂ;r—]mm%ﬁ\-é1 F,&)ﬁm%x“"f ?“bjxﬁf’\f;;a‘mﬁ B2 ?F’#g
Jj\B{\]f’g‘/rﬁ’ﬁ_"%ﬁgf}ﬁ?’%%ﬁ"E—’_»/FH },\Fﬁ%—t lfl’ﬁm—if

w =

50

1
v
oo

Dst index
AN
o
o O

0 30 60 90 120 150 180 210 240 270 300 330 360

0
0 30 60 90 120 150 180 210 240 270 300 330 360
Day of Year (1999)

B~ = ~ 1099 & - % & SRP @& i §3) o (a)Dst 4 #ceh® 1+ o ())SRP L ehsg v
d BAREARKE U 2B RHE AW F ZRHETE RRA

PR

W2 I T AR IR RE - 5 GPSTEC uip| Ftsiit#= 1 1994 # 3 2007 #
R+ 2t 53t 5w 2 Z[Liu et al., 2000; 2004 2006; 2010] » w3+ B+ 1-5
SELA RS AN frrmLQM] RRRG r iy ARB A ME(T R R A )
Bh o Rm ’ﬁ-& % B (dr 2016 & £k B2 2018 & (i B)W AP LR A
@afjﬁﬂﬁr* ’;s:(P BB F)NR G o AFT G A 4T 1995 # F| 2019 # 4 HH R
GPSTEC F i » -4t & 85 EN %ﬁf:’ WERO N R AW T A TR
L A N J*@i P REERVIARTREN )AL L2 i@—*g
BT E )@?T%ﬂ#%%ﬁ%%ﬁﬁ B 2 PR BN REREEFE -

T PEFI* 23k T 3R GIMTEC F 4~ 47 1998 & 7] 2019 & ¥ 79 4 R0
«'%«:ﬁ“ 6 g E o 7 5|2 GPSTEC si3h Tk 4p i eni & o uf B2tk RFAY S
fI* 2= 5 FTq‘ fr it WACCMX #5834 4 45 2000 & 5 2019 # BT E A0S
A6 R ’;*IFL GPSTEC & GIMTEC ittt % &2« § & B gfd hiizh B %
AP ;;w@ BT RMAE RN IR G R AT kg e RIEF PR

- ARG ER AT EE T ES A PR B A 2 B AT (SRP E) >

ERTR 1999& 021 ¥ Rit FokE o Sk M RH SRP L F Ebraf 4 B H > ¥
Pk RA 1 X5 < SRPE > B RAF A 2 {8 SRP ERIE SRS 0 1%

114



AR b Y g ke hE X LA TEC Ef2 88 R ¥ X MU % > ¥ uE 2 52
Ry R4 2 $54% 0 Ra > 1L 1999 & — firie SRP B8 B2 [FehBl %0 %
RSRP H ¢ X P ABEHEPR(ATEI 2E=)12 2 500 B R(ELEL)
FlUb ¥Rt JF & L4 bR eNT] S ied o i 2 R FE e SRP TR E o

Rt 2 ¢k 5 p A3t B SRP SRR E_r1 B 2 BE(240N, 121°E) L A o e F R W
TR T VBT L AR THE M TN RN AL BT ER R L e
PRE)EAFRROAFET O FHRE S AMAOSRPIFRE > T F AL Z B

Feb— =G > d B= GPSTEC jipl 7 #82 WACCMX #2378 7> 2014 & 12
V100 s B 15 e a*:ém T T 05 18 05O WACCMX 5 1 42 GPSTEC
g bR ¥ X B BRET sbkqaﬁt}kfﬁﬁif\é ’f‘j\ AR (= P
FECOL) F A 2R T R S%Pxf=fﬁ‘;1rk'r;kmls T
wp rahl T ha ‘ft—il”‘ SRE¥ R mm\%%ﬁﬁwmcmwﬁ, 3\ TEC #44

?\"‘ (\f v

EEAY R ARB K BREPF LG E EAAHE BT R S DAk B
#: o

:\4%”““§?$\#§%?ﬁm

AELT D TR B AP s R ST uE R
T AEF DR

115



54 2 e
Chen, Y. I, J. Y. Liu, Y. B. Tsai, and C. S. Chen (2004), Statistical tests for

pre-earthquake ionospheric anomaly. Terr. Atmos. Ocean. Sci., 15, 385-396, doi:
10.3319/ TAO.2004.15.3.385(EP).

Chen, Y. I, C. S. Huang, and J. Y. Liu (2015), Statistical evidences of
seismo-ionospheric precursors applying receiver operating characteristic (ROC) curve
on the GPS total electron content in China. J. Asian Earth Sci., 114, 393-402, doi:
10.1016/}.jseaes.2015.05.028.

Kon, S., M. Nishihashi, and K. Hattori (2011), lonospheric anomalies possibly
associated with M>6.0 earthquakes in the Japan areca during 1998-2010: Case studies
and  statistical study. J. Asian  Earth  Sci., 41, 410-420, doi:
10.1016/}.jseaes.2010.10.005.

Liu, J. Y., Y. I. Chen, S. A. Pulinets, Y. B Tsai, and Y. J. Chuo (2000),
Seismo-ionospheric signatures prior to M=6.0 Taiwan earthquakes, Geophysical
Research Letters, 27, 3113-3116.

Liu, J. Y., Y. I. Chen, H. K. Jhuang, and Y. H. Lin (2004), lonospheric foF2 and
TEC anomalous days associated with M>5.0 earthquakes in Taiwan during 1997-1999.
Terr. Atmos. Ocean. Sci., 15, 371-383, doi: 10.3319/ TAO.2004.15.3.371(EP).

Liu, J. Y., Y. I. Chen, Y. J. Chuo (2006), A statistical investigation of
pre-earthquake ionospheric anomaly, Journal of Geophysical Research, 111,
A05304,10.1029/2005JA011333.

Liu, J.Y., C. H. Chen, Y. I. Chen, W. H. Yang, K. I. Oyama, and K. W. Kuo
(2010), A statistical study of ionospheric earthquake precursors monitored by using
equatorial ionization anomaly of GPS TEC in Taiwan during 2001-2007. J. Asian Earth
Sci., 39, 76-80, doi: 10.1016/j.jseaes.2010.02.012.

Liu, J. Y., C. H. Chen, and H. F. Tsai (2013), A statisti- cal study on
seismo-ionospheric precursors of the total electron content associated with 146 M > 6.0
earth- quakes in Japan during 1998-2011. In: Hayakawa, M. (Ed.), Earthquake
Prediction Studies: Seismo Electromagnetics, TERRAPUB, 1-13.

Liu, C.-Y., J.-Y. Liuy, Y.-I. Chen, F. Qin, W.-S. Chen, Y.-Q. Xia, and Z.- Q. Bai
(2018), Statistical analyses on the ionospheric total electron content related to M > 6.0
earthquakes in China during 1998 - 2015. Terr. Atmos. Ocean. Sci., 29, 1-14,
doi:10.3319/TA0O.2018.03.11.01.

116



d A % 109 EH BT R ?#ig; g

L ¥

flr AIFEAFFRFERATRZAS BRGE

¥ A

Eo¥ L MBE
ERY TR

1 #&

2

EBE R AR REL T LT S AT L0 A P BT
BB gt S et Hedk R AN > SE TR ORILE AT B R
EenFie @ AP R LR dol f7 A LA E B U RTORY 0 A
FdG T s B AR R R RANRY c A RR N AR R
¥, f»ﬁﬁ‘-’ SRR TIRE A E N SRR RPGV A AR~ A
FR QRN LRI SRR RIS 13 R H R TR R
AL o {17 A F R R E T 2 AR MR L A
PR J FHROGET G OENE RRAEFRIE p BARer RIIFEY T
G e Ty
AR T REIR R & o

RS

Recently, artificial intelligence technologies have been applied in various area.
Most of the development applications are closely related to big data. Through
analyzing the collected data, valuable information can be obtained to sole the
corresponding problems. This project investigates the problem of earthquake
intensity prediction for on-site earthquake early warning using artificial intelligence
technologies. The major investigated problems are as follows: First, earthquake
intensity prediction using neural network technologies for on-site earthquake early
warning. Second, prediction of peak ground wvelocity using neural network
technologies. Third, automatic picking of seismic wave arrivals using deep
convolutional neural networks, and the last is earthquake prediction based on
geophysical information. The corresponding neural network models for each of the
problem have been developed and trained by the data collected by the Central
Weather Bureau. The experiment results demonstrate a significant improvement for
the accuracy in the prediction for earthquake intensity and the picking for wave
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arrival time. For future work, the earthquake intensity prediction and the wave
arrival picking models will be implemented in real-time earthquake early warning
systems and the performance of the real-time predictions will be investigated.
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