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Figure 1 - Image of episodic tremor and slip. Garry Rogers and Herb Dragert,
Episodic Tremor and Slip on the Cascadia Subduction Zone: The Chatter of Silent
Slip, Science Express on 8 May 2003 and Science 20 June 2003:, Vol. 300. no. 5627, pp.

1942 - 1943, DOI: 10.1126/science.1084783.
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GPS stations in Taiwan

CPSIEE TFIRAER (WIR388)
The followings are the ergnizations who established the GPS stations.{ lotal=338)
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Stn Abb:Full name

183 CWE (R SRFCENTRAL WEATHER BUREAU TAIPEI

€6 |ES (SEIELIF)INSTUTE OF EARTH SCIENCES, ACADEMIA SINICA, TAIPEI

50 COS (ERELM*ICENTRAL GEOLOGICAL SURVEY.MOEA. CHUNG-HO. TAIPE!

35 NLS:(E- 38 £ JNATIONAL LAND SURVEYING AND MAPPING CENTER, MOIA

18 MOL(FEIEELE ) MINISTRY OF INTERIOR AFFAIRS(MOIA). TAIPE!

10 NTU (Rt T RINATIONAL TAIWAN UNIVERSITY, TAIPEI

8 TCG:(§ TEMTAICHUNG CITY GOVERMENT

8 WRA (A FWATER RESOURCES AGENCY, MINISTRY OF ECONOMIC AFFAIRS (MOEA)
8 GSL{ETEZMPIIGEOGRAPHIC SURVEY INSTITUTION, JAPAN

8 HUA JEN COUNTY
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3 IGSINTERNATIONAL GNSS SERVICE
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2 NML:(ZER RIS L NATIONAL MEASUREMENT LABORATORY, HSINCHU
2 NCU{(RABNATIONAL CENTRAL UNIVERSITY, CHUNG-LI

1 CEC(4&RE MCONTROL-SIGNAL COMPANY, HSIN-DIEN, TAIPEI

1 CTL(SBWAEICHUNGHUA TELECOM LABORATORY, TAG-YUAN

1 CTUGRERAICHIAC- TUNG UNIVERSITY, HSINCHU

1 CYU(HZABCHING YUN UNIVERSITY, CHUNG-LI

1 FCU: (=X BFONG-CHIA UNIVERSITY, TAICHUNG

1 NIU: (R EINATIONAL ILAN UNIVERSITY, ILAN

R ERN TR AT EASERSS
s AOFEERE.

s L L
The new GPS stations are stll increasing
updated by L.C. Kuo(F52 &) 201010104

AntBxinfo Stationinfo GPSintroduction GPS Processing

2013/11/13



SN E B AT B BR R ER A ) 2013/11/13

Average velocity of surface movements

3

2005-2009 velocity

25'N;
50 mm/yr
—

Eurasian

N pstrain/yr
25'N

Extension of
4 | Okinawa Trough

24'N

231

Back-a { xter

Ak Fry R Kid
MOTC-CWB-99-E-15




2013/11/13

it

S
o

SF7NIE AR T BRI B S

B

£

B2 5 B ER

Fap D>
ApAPE D EPFRERHE

1+ 5 pr
=%

juawde|dsig

Time

judwdde|dsiq

Time

juswdde|dsiq




FNIE PR T E I ER R ST 2013/11/13

o A e BB AR

B R e BB ASFT T (Chenetal, 2011)

R ¥ EIET TR ¥ Chenetal, 20130

B AP AE B T oK Chenetal,20130) ~ BBAE
¥2i8E

T3
-
S
=)
o
=
c
T

Py

i
=i
T
W

Ak

O
e
%

Case study

119 120 121 z2 122 R @GR MESHE

B3R 1 BYOITRR
H#i: 53 H9H
BFR: 12 BF 7 5 288 B
T2s fiE: dbEE 2364 B B 12056 &
B EMERMEERD 46 A8
4 WMRERE : 99 AE
AERE: 5l
1o, BMGRXEE
SR 58 TEEd 2B
A 5B g 138
Bl 4R mE =Py 138
| L alA=T:3 B mEEm 13R
123 ZmEMAD M L 14
miH k2 S ;
o BRI 138
with MW e VB
&kt 2 ;
BEHLE up WM 148
1. REEL a4p  BOITIOAL 138
ES Sk 24R
amh 248
EEEE 2R
WHER 2R
s EE 248
21
iy BE : ARBERUE MRS TFRTZIEES y
W sl Chen et al. (2011), Surveys in GeM




vl Y

ESVA

J&E IR AT B ER R 2T

Comparisons among the FFT ~ WT and HT

Fourier Wavelet Hilbert-Huang
Basis A priori A prior Adaptive
Frequency Global uncertainty | Regional uncertainty | Local uncertainty
Presentation Energy-frequency Energy-time-frequency | Energy-time-frequency
Nonlinear No No Yes
Non-stationary No Yes Yes

. discrete : No
Feature Extraction No . Yes
Continuous : Yes

Theoretical base Theory complete | Theory complete empirical
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The GPS reference

25.0 > 5 ;, station is location in
Kimen, where is
GPS Hilbert- about 200 km away
, : 24.51 r observation f‘I‘-\I?'a'fl:gn from the other
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2006.3.9 M=5.1 ,[,
24.0 L
=
= - —1E
. X10¥Hz o
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(| posiiomng

23.0 .
using 2]
Berneses.0
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Chen et al., (2011) Survey in Geophysics
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Median frequency and period of the IMFs
in the EW component at the HOUL station

IMFs Median frequency (Hz) Median period (day)
1 9.9249x10°7 11.7
2 8.4907x107 13.6
3 1.1127x10% 10.4
4 8.6112x107 13.4
5 6.8018x107 17.1
6 4.4520%10°7 26.0
7 2.8028x10°7 413
8 1.8737x107 61.8
9 1.5120x107 76.5
10 1.0041x107 115.3
11 8.6075x10°® 1345
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Homogeneous materials
K is the Young's modulus of Elasticity
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Event survey

LR
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(2008.6.1 M=5.8)

EQD-27
250 250 250 250 50
245 245 245 245 245
240 240 240 240 240
235 235 235 235 235
230 230 230 230} 3 230
225 225 225 25 225
220 L] 220 e 220 ° 220 e 220 ©
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
EQD-25 EQD-24 EQD23 EQD-22 EQD-21
- = -
3 5
250 % 250 250 250 250 ¢$§f
245 - 245 245 245 245 g;,'—’.g"—.(,‘—;("’ e
2 ) 0
240 SFEEEEE 1 g0 240 20 a0 ¢ %
235 g 235 235 225 235 3
o g
K &5 |
230} 43 ¥, 230 230 220 230} N doger oy
| e
o X
e
225 225 225 25 25 @
o P ~ %
220 . 220 o 220 o 220 o 220 °
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
Longitude

2013/11/13

16



vl Y

S97\

JiEr IR AR S AT BB ER BT &

EQD-28
250 250 250 250 250
245 245 245 245 245
240 240 240 240 240
235 235 235 235 235
230 230 230 230 230
225 225 225 25 225
220 © 220 © 220 e 220 ° 20 o
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
QD24 EQD23 EQD-22 EQD 21
. -5 5 -
]
250 250 % 250 sy 250 ﬁ?’ 250 4¥W
° oy i e
245 245 m‘ 245 e s | 245 rﬂr&"'wg §1 245 %’&% 4
2 S il P il gsr i
240 240 240} Lreveay 240 ¥ 3 240t ¥ 3
v Yy e Py
235 235 235 235 5 235 oy
S8 & &
<5 £y L2 £y A
230 230 230} Y ¥ 230} WYY 230} Sy
diary °°
225 225 25 & 25 225 &
-5 % %
220 ° 220 o 220 o 220 o 220 o
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
Longitude

EQD-20 EQD-19 EQD-18 EQD-17 EQD-16
5 p s % 3
250 ‘&?ﬁf 250 6;& 250 b 250 £ 250 By
agaacicig) iy “Cracicies oty
245 «m?%: 245 n—x“’.—zf s ] 245 S o | 245 245 e o
prS Ak f{ il B
240 ?“}“ = 240 E/: H":‘;g’ 240 ﬁ(";‘ f 240 240 ;5"‘:" F
?(::144:0 Xfur&'qev:;’ '?nr:-yt—w% ‘I(u'h-ev:’
235 ewy.x: 235 5 235} |- 3 235 235F | 2
By T oV ey L Lyl
23 0[N\ g 230w o 5 230f ¥V o8 230 230} & [
Tk Ct A Rt A e 3
5] & 25 °® nst %% 225 225 2
hE Ae e o i
220 © 220 © 220 e 220 ° 20 o
1300 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
EQD-15 EQD-14 EQD-13 EQD-12
s r - -
3
250 éﬁ"f 250 é So] 5 erﬁf“n— 20 ﬁw 250
s L. S5 f
245 e s | 245 ﬁvl“rv(‘:f s 245 S s | 245 ﬁ.—.}(gf s { 245
L ekl B il gsucka® Esusiic®
240 ey 240 i W] 240 '-"‘"’;I:j 240 240
s eenieoas Pegens &R
e, ¥ iy, ¥ vy 7
235 ) 235 3 235 235| |l 235
4 b - =
&5
230 “¥ERY =8 230} L o F 230f SR =S 230} X8 =S 230
S dtd 3 v ohef Lo”
s P4 Tﬂ
225 = 225 " 225 225 225
% o e B -
220 . 220 5 220 o 220 ° 20 5
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
Longitude

2013/11/13

17



vl Y

S97\

JiEr IR AR S AT BB ER BT &

Latitude

250

245

240

235

230

225

250

245

240

235

230

225

250 250 250 B0
245 245 245 245
240 240 240 240
235 225 235 235
230 230 230 230
225 225 225 225
220 e 220 e 220 o 220 S 20 o
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
EQDS& EQD-3
250 250 250 250
24% 245 245 245
240 240 240 240
235 235 235 235
230 230 230 230
225 225 225 225
220 e 220 © 20 e 220 ° 220 3
1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220 1200 1210 1220
Longitude

-~
o
|

(] B 53} [=2]
o o
| |

Leading time (Days)
N

1

1 °
°

o_
0'3 ™

‘e
o_

o

e o

|

0 e
L]

2006-2009 5 A3
% ° 20/32=63%

M5 2 b B o %
GEPE 'R RiVE N

o;!.ﬂ —

5.0 55 6.0 65 7.0 7.5 8.0
Magnitude

Il

[l ]

2013/11/13

18



vl Y

ESVA

J&E IR AT B ER R 2T

P ATohokuy B B ¥ %358 ¥

2
-~ #

o 5 end BB AR

o o B e AT T (Chenetal, 2010)

s PR ¥ I TR ¥ Chenetal, 20139)

o B BPASEE T K (chenetal,20130) ~ BBAE
¥2i8é

PTARNPERBUVAPREAIATV2ZBE

4.5

N T el
B Lo
A i
244 ssan s - ff,
Chelungpu au1!
e 243 & H ¥
242
cH
245 i "
4B
&
] : ger 7 kRace 4.0 He WeHo ®
4.0 i 'id’ /a{-uum. . & W A
o fy' /A 239 Lig A
s g € i I:T"N o
3 Jsm s
E 238 J . ¥
Z HA RH L .
3 235 o i Lom
XA Wi b
et TH
I" MT TKYC WR
23.6 i iz sh Ko
B0 Al
s s
25 LR .
S CHIA

225 1200 1202 1203 1204 1205 1206 1207 1208 1209
g2 Chi-Chi EQ
£, i
3 4 J"v\,
H
2.0 § C
E - v \i\/\.\
i
S, i
100 12 110 1213 1210 oo 700 -600 -500 -400 -300 -200 -100_ O 100 200 300 400
Longitude Day to the Chi-Chi EQ

2013/11/13

19



vl Y

ESVA

JiE; R AR S AT B ER R SR B &

245

243

244

@ 240
3
1
3 239
23.8
23.7
4 T YC Yunlin AWR
236 m z &
Ku PK
3.5 N . <)
& Air-pressure Station . -
T8 = ?
234 B, 72 SRNT 1B
1201 120.2 120.3 1204 1205 1206 120.7 120.8 120.9 121.0

Longitude

Chi-Chi EQ
v

4 -

-2 AD

Groundwater Level in A3 at HT (m)

3

4

-800 -700 -600 -500 -400 -300 -200 -100 0 100 200 300 400
Day to the Chi-Chi earthquake

31 - 400

300

200

100

Precipitation (mm)

2013/11/13

20



vl Y

ESVA

JiE; R AR S AT B ER R SR B &

{m.water)

D000
BRORME

d level (m)
-0 =P O

level (m) Gr

o

Groundwater level (m) Gr

Air-Pressure Correction

Precipitation at Yunlin

Sbbblommwan hbabl

(h)

400 (b
@ E 300 ) n?ng.gmm 19109”.3.“.-. |3§;“.gmm
MWWE 200
=100
-600  -400 -200 0 200 400 o -600  -400  -200 0 200
(e 3@
3
\ 2
]
2 0
4 = -1
— Corrected TZ :;:i' — Corrected HT
~ ~ Yearly average -g = ':rearty average
-600 -400 -200 0 200 400 -600 -400 -200 0 200
(e) )
- -\"‘
~ = Yearly average . -41| = Yearly average X
-600  -400 -200 0 200 400 -600  -400  -200 0 200

— Corrected TW _:2; —Corrected HN
“Yearly average —g ~ ~Yearly average
-600  -400  -200 0 200 400 -600  -400  -200 200

Day to the Chi-Chi EQ

0
Day to the Chi-Chi EQ

Azimuth (degree) Azimuth (degree)

Groundwater level (m)

Day to the Chi-Chi EQ

I Appearance of Seismo-magnetic anomalies

(b) GPS. ted with the Chi-Chi earthquake
360 .
o, . o _
300 - ' I*'ﬁ"l' . “|
240 P
120 T o |
60.r "
e 0RO GO R a0C) AR SLan R s ASOF+
-350 -300 -250 -50 o] 50
{c) Groundwater level variation in the thrid aquifer at the HT station
2r
P1T P4T
i — T
ol | TN e e -
-1} i’
22! 1 1 1 L
-350 -300 -250 -200 -150 -100 -50

‘ Chen et al., (Accepted) Hydrol. Earth Syst. Sci

2013/11/13

21



vl Y

ESVA

JiE; R AR S AT B ER R SR B &

o &b BB AR

o B R oW et BRI T (Chenetal, 201)

® F’*’E’n’-?% #ﬁ#i 3‘- E&-% F#(Chenetal.,2013a)

o B APASE B T oK (chenetal,20130) ~ TR
¥2 484

o p ATohokuy B R % 38 ¥

26.0

255

25.0

245

24.0

Latitude (N)
g
wn

250 _ﬁ;
& :*‘f’
245 ;y ,J‘;/
A Km
u0
180  18s 1190

)

121.45 1215 12155 121.6 121.65

Magnetic total
. intensity station

A 3-component
magnetometer

8 Chen et al., submitted

2013/11/13

22



SENIE BEAE AT B ER LR R A 2013/11/13

Chen et al., submitted

(a)YMM

1 2%
{bjccu (c)HLG

Chen et al., submitted

23



vl Y

97\

JE BESE S AT B BRR B2 R Ay 2013/11/13

(a) YWM
100%

1200 1205 1210 1215 1220 1225
Longitude €]

(e} Integrated

Latitude (N)

Latitude (N)
Latitude (N)
2 o

8 8

1200 1205 1210 1215 1220 1225

1200 1205 1210 1215 1220 1225
Longitude (E) Longitude (E)

1200 1205 1210 1215 1220 1225
Longitude (E)

Chen et al., submitted

Conclusions

Pre-earthquake dislocations & Conductivity enhancement
3.22-3.27

[69] 13-03-27

(e} t5km

Lattuae (M)
2 g

1200 1205 1210 1215 1220 1225

24



vl W

ESVA

J&E IR AT B ER R 2T

(5

o e B A ELR
B B s BB ASFT T (Chenetal, 2011
F’*E’i ’# ﬁ#i .’1‘- ﬁ!&-; '#-' (Chen et al., 2013a)

B AR AS 8 T oK (chenetal, 2013p)
¥2mé

« p ATohoku¥ B R ¥ %8 ¥
. 3

TR

50

2011 M9 Tohoku Earthquake

45

40

Latitude (N)

2’?25 130 135 140 145 150
Longitude (E)

O el A L
b ;u:,_"r_" TR T

i 3000
2000

1000
0
-1000
-2000
-3000
-4000
-5000
-6000
-7000

-~ -8000

~ -8000

Topo (m)

2013/11/13

25



vl Y

ESVA

JiE; R AR S AT B ER R SR B &

Lstituce (H)

i
S

Lattuae (')

Resigual ve(tical displac ement (m)

Reskdusl verlical diaplac ement (i

Residual vertical displacement (]

Re s vertical Gipiac ement (m) Resigual vertical displacement (m)

Residual vertical displacement (m)

2013/11/13

26



SN E B AT B BR R ER A ) 2013/11/13

70

i Tohoku EQ ¢
60 - 65days
4 L]
% 50 ® Chi-Chi EQ
e | . ° 54days
v 40 -
g . %
£ 0.
= @
=
3 20 —.
e [ ]
10 - e
L]

[ ]
O\Q'.| | I { [ \

50 55 6.0 65 7.0 7.5 8.0 85 9.0
Magnitude

(A

Longitude
la}E |S0E
J Subduction
Q Forearc Sliver »
,’"_' Collision A
. NS Normal sebduction ~
| boveie e
05 Obli
- Ouily
#)Nr
Eurasia Plytc j} »
) ™
iy
g o http://www.earth.northwestern.edu/people/s
3 & HY Pacific eth/research/sumatra.html
- 1 s Plate Prince Willam  Girdwood Anchorags
/ .s Sound
30Nk prt & - l Subsigence n pitt T
2/ Rl
/ ) " Philippine B “Snortening
z sﬂ — f UPPER CONTINENTAL PLATE.
d/&'f s\, Sea Plate . /3
’.v-:/: b Seismagonically lnckod
%) . . P o/ SRR
‘\OS = h‘b.n'.j.
T upiit n Subsidence l
Wang and Zhao, 2005 e o
DOI:10.1016/j.pepi.2005.06.010 = I sy

SUBDUCTING ~a
OCEANIC PLATE

Strain release.
(B Y

Hamilton and Shennan, 2005
DOI:10.:!.016/].quascirev.2004.11.003
L "" ” A d /A jud el

27



SN E B A S B EE A A & 2013/11/13

Pacific Ocean

L SER | L
100 km 'y
]
o 13"
367 . o 03
L]
Cd
o ’Q.
. .
34
[ )
10
337 " R
"2 gN12
132 135° 138
l;i' 1367 |;T

28



Fefe A

HH7NE

I RS SR LS

HA R & 32R
128 36 B 2%

A

EERIZHTE ST APHE3 (BFRIE)
(2009/08/09 00:00 — 2011/08/09 00:00)
A FUE [HPa) e T P

1030 " “‘
jl u['ﬁ- "fl Yo *]1 4"1 »EJ' Mol “f'l {'." i
o Ll m ...._ml.. B PYOFRR T A

AL 4 (m)
7\/'\__,.\,\_ - J
s -

L~
ACAEE L2 g [m] l l
[m]

~2011.1
2011.3.11

e NN \,\“ -

~2010.10

AAELS A (m)

AAEE L E(N237E) [x10-9]

b EE(NI27E) [x10-9]

200847 A A HARAIRALG. GRS E RO FEOEILIIEEREFRICHKT DED.
2010412 B 22~ 25 H R4kl 1 R &2 ARFB I B 53 (LR ST O RE.

Lt 1 ‘_l--,, AN

~~M
~2011.1
}
+
0 -60 -40 -20
Days to Earthquakes

50

e HHT# #BFFTRAWTF i

* AR FEPF BRI

fRE W e B ;kf,_J BLat g 25 v

ie M B R ATELEE

R

2013/11/13

29



SN E B A S B EE A A & 2013/11/13

THANK YOU FOR
YOUR ATTENTION

30



