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I. Observation I. Observation (03(03’’~~0909’’))



 
Total 196 Observation, step changes (S) 36 events, 
oscillation (O) 129 events, O+S 31 events

Catalog Events HUL TWN LUJ NAB HRD DHR TLO SIP 
2003/4/3 Tainan, M=4.9 2     S S         

2003/6/10 Taitung, M=6.5 4     S O   O+S   O 
2003/6/17 Taitung , M=5.9 2       O       O 
2003/12/10 Taitung , M=6.6 7  O+S O+S S   S O+S O+S O 
2003/12/11 Taitung, M=5.7 1        S         
2003/12/18 Taitung, M=5.8 1  O               
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II. Problem II. Problem statementstatement



 
Observed coseismic patterns can fit to strain model ,Observed coseismic patterns can fit to strain model , 
but the amplitudes are but the amplitudes are amplifyamplify tens~hundredstens~hundreds 
timestimes compare to the static strain sensitivity compare to the static strain sensitivity 
estimated from tidal response.estimated from tidal response.



 
Some wells seems Some wells seems always coseismic rosesalways coseismic roses or or 
coseismic loweringcoseismic lowering,, them were not expected by the them were not expected by the 
faultfault--dislocation volumetric strain .dislocation volumetric strain .



 
The The mechanismmechanism of the coseismic groundwater level of the coseismic groundwater level 
changes remains unknown. changes remains unknown. 



Observed coseismic events (03Observed coseismic events (03’’~09~09’’))
No.No. TimeTime Lat.Lat. Long.Long. Depth Depth 

(km)(km) ML

11 2003/6/10 8:402003/6/10 8:40 23.5023.50 121.70121.70 27.5927.59 6.54

22 2003/12/10 4:382003/12/10 4:38 23.0723.07 121.40121.40 10.0010.00 6.60

33 2004/2/4 3:242004/2/4 3:24 23.3823.38 122.15122.15 4.074.07 6.03

44 2004/5/16 6:042004/5/16 6:04 23.0523.05 121.98121.98 12.5212.52 6.00

55 2004/5/19 7:042004/5/19 7:04 22.7122.71 121.37121.37 8.688.68 6.49

66 2004/10/15 4:082004/10/15 4:08 24.4624.46 122.85122.85 58.8458.84 7.03

77 2004/11/8 15:542004/11/8 15:54 23.7923.79 122.76122.76 10.0010.00 6.60

88 2004/11/11 2:162004/11/11 2:16 24.3124.31 122.16122.16 27.327.3 6.04

99 2005/9/6 9:162005/9/6 9:16 23.9623.96 122.28122.28 16.816.8 6.12

1010 2006/4/1 18:022006/4/1 18:02 22.8822.88 121.08121.08 7.27.2 6.35

1111 2006/4/16 6:402006/4/16 6:40 22.8622.86 121.3121.3 17.917.9 6.20

1212 2006/7/28 15:402006/7/28 15:40 23.9723.97 122.66122.66 28.0028.00 6.06

1313 2006/8/28 1:112006/8/28 1:11 24.8024.80 123.07123.07 135.3135.3 6.10

1414 2006/10/9 18:012006/10/9 18:01 20.7020.70 119.83119.83 28.0028.00 6.10

1515 2006/10/9 19:082006/10/9 19:08 20.7720.77 119.93119.93 8.008.00 6.10

1616 2006/10/11 14:432006/10/11 14:43 20.8920.89 119.9119.9 10.0010.00 6.00

1818 2006/12/26 20:342006/12/26 20:34 21.9521.95 120.39120.39 47.0347.03 6.40

1919 2007/1/25 18:592007/1/25 18:59 22.6522.65 122.02122.02 20.0020.00 6.20

2020 2007/7/23 21:402007/7/23 21:40 23.6723.67 121.72121.72 29.5029.50 6.00



Static Volumetric Strain SensitivityStatic Volumetric Strain Sensitivity

TLO DHR LUJ NBA TWN HUL

Amplitude (10-8) [Phase Shift (degree)]

Vol. strain by M2 earth tide, te 1.35 [0] 1.37 [0] 1.38 [0] 1.38 [0] 1.35 [0] 1.37 [0]

Vol. strain by M2 oceanic 
tidal loading, to

2.08 
[-321]

0.18 
[-276]

0.11 
[-290]

0.11 
[-301]

0.60 
[-227]

6.10 
[-184]

Vol. strain by earth + oceanic 
tide, tt =te + to

3.25 
[-336]

1.40 
[-352]

1.42 
[-356]

1.45 
[-356]

1.04 
[-335]

4.73 
[-185]

M2 amplitude(water level, tw )
3.72±0.67 6.17±0.60 2.54±0.59 4.24±0.29 3.93±0.27 23.77±0.50

[-282±49] [-339±23] [-350±34] [-349±15] [-272±21] [-21±6]

Strain sens. by Water Level 
M2 tide, Ws = tw /tt (mm/10-8) 1.14 4.39 1.78 2.92 3.78 5.02

Strain sens. by Coseismic 
Responses (mm/10-8) 18.42 42.22 76.15 56.93 43.85 25.82



Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal)

1 -16.70 S 1.13E-10 -0.64 31 ±3.51 O 7.15E-11 -0.24 20 -1.69 O+S 3.09E-10 -0.70 28

2 -275.66 S 1.16E-08 -65.32 17 N 1.09E-08 -37.32 11 -23.51 O+S 7.91E-09 -18.02 27

3 N 1.77E-11 -0.10 3 N 1.52E-11 -0.05 8 N -2.77E-15 0.00 2

4 0.93 S 3.16E-11 -0.18 4 N 2.51E-11 -0.09 6 N -1.02E-14 0.00 2

5 -0.51 S 9.01E-10 -5.06 10 N 1.20E-09 -4.11 16 18.23 S 1.50E-10 -0.34 19

6 O -4.01E-10 2.25 17 N -3.71E-10 1.27 4 0.28 S -1.50E-09 3.42 20

7 ±1.20 O 2.23E-11 -0.13 5 ±1.50 O 6.68E-11 -0.23 5 N 5.54E-10 -1.26 10

8 ±2.40 O -4.11E-11 0.02 6 N 3.77E-11 -0.13 6 N -3.36E-11 0.08 5

9 N 6.11E-12 -0.03 5 N 1.08E-11 -0.04 4 N -1.78E-11 0.04 5

10 7.76 S+O 4.19E-09 -23.54 18 N 2.63E-09 -9.00 10 N 3.20E-09 -7.28 5

11 N 4.71E-10 -2.65 3 N 5.91E-10 -2.02 6 N 7.79E-11 -0.18 7

12 N -2.40E-12 0.01 3 N -7.51E-13 0.00 2 N -9.82E-12 0.02 5

13 N 5.54E-12 -0.03 2 N 5.56E-11 -0.20 5 N -9.12E-12 0.02 4

14 N 4.38E-11 -0.25 6 N 5.04E-11 -0.17 7 N 2.12E-11 -0.05 4

15 N -1.66E-11 0.09 3 N -2.00E-11 0.07 5 N -8.93E-12 0.02 2

16 N -1.79E-11 0.10 2 N -2.27E-11 0.08 4 N -1.12E-11 0.03 2

17 N 8.25E-10 -4.64 45 -12.23 O+S 1.81E-09 -6.21 59 ±27.13 O -8.75E-10 1.99 38

18 N 4.55E-09 -25.56 37 -25.75 O+S 7.74E-09 -26.52 106 ±15.29 O 4.33E-10 -0.99 58

No.
LUJ NBA DHR

Observed coseismic events (03Observed coseismic events (03’’~06~06’’))
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Observed coseismic events (07Observed coseismic events (07’’~09~09’’))

Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal)

1 2007/1/25 18:59 6.2 0.65 O -3.58E-10 -0.18 12 -1.71E-10 -0.06 6 -1.51E-10 -0.27 4 -1.86E-10 -0.06 3

2 2007/7/23 21:40 6 -5.14E-09 -2.58 59 -2.99E-10 -0.11 5 -2.26E-10 -0.40 5 -3.12E-09 -0.93 6

3 2007/9/7 1:51 6.6 -2.70E-09 -1.35 61 -2.61E-09 -0.99 105 -1.91E-09 -3.40 48 -3.62E-10 -0.11 72

4 2008/6/1 9:57 6.8 -3.73E-11 -0.02 2 -2.03E-11 -0.01 2 -1.93E-11 -0.03 2 -2.11E-11 -0.01 2

5 2008/6/2 0:59 6 -3.98E-10 -0.20 4 1.36E-09 0.51 62 2.49E-09 4.43 35 4.80 O 6.70E-10 0.20 14

6 2009/7/14 2:05 6.3 -1.36E-09 -0.68 14 -1.48 S -3.86E-10 -0.15 42

7 2009/8/17 8:05 6.8 3.18E-09 1.60 18 -0.85 S 1.28E-09 0.48 11

8 2009/10/4 1:36 6.1 ±0.13 O 9.23E-10 0.46 81 -1.60 S 9.14E-11 0.03 21

9 2009/11/5 17:32 6 ±0.08 O 1.95E-10 0.10 49 -2.41 S -7.85E-12 0.00 11

Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal) Gwobs Type Vol. Strn. GWexp PGA(gal)

1 2007/1/25 18:59 6.2 -3.48E-11 -0.0114 1.51 0.37 O 7.41E-12 0.00169 3.61 1.874E-11 0.00214 8.03 1.562E-10 0.05 9.3

2 2007/7/23 21:40 6 -9.72E-11 -0.03 6 -0.50 O -1.15E-10 -0.03 5 -1.15E-10 -0.01 6 -1.50E-10 -0.04 17

3 2007/9/7 1:51 6.6 5.69E-11 0.02 12 2.04 O+S 7.08E-11 0.02 13 0.44 O 7.22E-11 0.01 10 1.51E-11 0.00 22

4 2008/6/1 9:57 6.8 -2.07E-11 -0.01 1 -2.38E-11 -0.01 1 -2.45E-11 0.00 2 -3.28E-11 -0.01 2

5 2008/6/2 0:59 6 1.66E-10 0.05 5 -2.06E-10 -0.05 3 -2.22E-10 -0.03 3 -1.39E-10 -0.04 7

6 2009/7/14 2:05 6.3 0.66 S -2.05E-09 -0.67 15 -2.00E-09 -0.46 7 0.23 O -8.42E-10 -0.25 10

7 2009/8/17 8:05 6.8 8.56E-10 0.28 6 9.31E-10 0.21 7 9.39E-10 0.28 16

8 2009/10/4 1:36 6.1 5.63E-10 0.18 13 7.68E-10 0.18 6 6.97E-10 0.20 30

9 2009/11/5 17:32 6 -2.30E-10 -0.08 7 -5.91E-10 -0.13 27 3.27 O -3.11E-09 -0.91 207.35

MWNo. Time
HTN

No. Time MW
WUJ

CHK HRK TLO

HUL TWN JUS

TUS LUJDHR SBT



DP      RC

88

1 10 100
Ground Peak Acceleration (gal)

1E-012

1E-011

1E-010

1E-009

1E-008

1E-007

Co
se

is
m

ic
 V

ol
um

et
ric

 S
tra

in
 C

ha
ng

es

LUJ
StaticalStatical
StrainStrain

DynamicDynamic
StrainStrain

StaticalStatical
StrainStrain

DynamicDynamic
StrainStrain

1 10 100
Ground Peak Acceleration (gal)

1E-012

1E-011

1E-010

1E-009

1E-008

1E-007
NBA StaticalStatical

StrainStrain

DynamicDynamic
StrainStrain

1 10 100
Ground Peak Acceleration (gal)

1E-012

1E-011

1E-010

1E-009

1E-008

1E-007
DHR

StaticalStatical
StrainStrain

DynamicDynamic
StrainStrain

1 10 100
Ground Peak Acceleration (gal)

1E-012

1E-011

1E-010

1E-009

1E-008

1E-007

Co
se

is
m

ic
 V

ol
um

et
ric

 S
tra

in
 C

ha
ng

es

HUL

DynamicDynamic
StrainStrain

1 10 100
Ground Peak Acceleration (gal)

1E-012

1E-011

1E-010

1E-009

1E-008

1E-007
TWN

StaticalStatical
StrainStrain

DynamicDynamic
StrainStrain

StaticalStatical
StrainStrain

1 10 100
Ground Peak Acceleration (gal)

1E-012

1E-011

1E-010

1E-009

1E-008

1E-007
TLO

△、▽ Explainable by Volumetric Strain
▲、▼ Not quantitatively explainable but qualititatively explainable
▲、▼ Neither quantitatively nor qualititatively explainable

Oscillation
■ No change or not judged
(Triangle represent sense of the groundwater level changes) `

S

△、▽ Explainable by Volumetric Strain
▲、▼ Not quantitatively explainable but qualititatively explainable
▲、▼ Neither quantitatively nor qualititatively explainable

Oscillation
■ No change or not judged
(Triangle represent sense of the groundwater level changes) `

S



DP      RC

III. Case Study: III. Case Study: 
98/11/5 17:32 Nantou Eq.98/11/5 17:32 Nantou Eq. M6.0M6.0
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III. Case Study: 
98/11/5 17:32 Nantou Eq. M6.0
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花壇(四)

觸口(一)

觸口(二)

坪頂(一)
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1999/9/21 Chi1999/9/21 Chi--Chi EarthquakeChi Earthquake
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III. Case Study: 
2010/3/4 Chiashian Eq. M2010/3/4 Chiashian Eq. MLL 6.46.4
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Well PGA
(gal) Vol. Strain Oscillation

( cm )
Step-offset

( cm ) Gexp ( cm )

花壇(2) 52 -1.13E-09 ±

 
1.98 － 0.49 

員林(1) 37 -1.41E-09 ±

 
2.64 － 0.62 

文山(1) 50 -1.75E-09 － 12.00 0.77 
文山(2) 50 -1.75E-09 ±

 
4.00 － 0.77 

溪湖(1) 65 -2.09E-09 ±

 
1.99 － 0.92 

西港(1) 60 -2.83E-09 － 12.00 1.24 
虎溪(1) 119 -6.16E-09 － 9.30 2.70 
虎溪(2) 119 -6.16E-09 － 6.60 2.70 
觸口(1) 115 -2.86E-09 － 5.62 1.26 
觸口(2) 115 -2.86E-09 ±

 
85.80 － 1.26 

坪頂(1) 118 -3.24E-09 － 1.98 1.42 
豐榮(2) 75 -3.60E-09 － 5.26 0.64 
豐榮(3) 75 -3.60E-09 － 1.98 0.64 
興化(1) 85 -3.67E-09 － 6.59 0.65 
興化(2) 85 -3.67E-09 － 5.26 0.65 
興化(3) 85 -3.67E-09 － 2.63 0.65 
安南(2) 88 -3.60E-09 － 2.64 0.64 
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III. Case Study: 
2010/3/4 Chiashian Eq. M2010/3/4 Chiashian Eq. MLL 6.46.4



 
Large stepLarge step--rosesroses



 
Amplfication in the Amplfication in the 
coastal areacoastal area



 
Shallow well >> Deeper Shallow well >> Deeper 
well in the same sites.well in the same sites.



 
Oscillation mainly in the Oscillation mainly in the 
hill, slope area.hill, slope area.



 
Amplitudes of the step Amplitudes of the step 
proportion to PGAproportion to PGA
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III. Case Study: 
2008/5/12 Wenchuan,  China Eq. (M2008/5/12 Wenchuan,  China Eq. (MLL 8.0) 8.0) 
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五結(四)

東和(三)

AreaArea WellWell Oscillation(cm)Oscillation(cm) StepStep--offset(cm)offset(cm)

IlanIlan WUJWUJ ±±37.637.6 --3.93.9

TWNTWN ±±0.60.6 +0.3+0.3

MiaoliMiaoli HRKHRK －－ --26.226.2

ChanhwaChanhwa HTNHTN ±±1.01.0 －－

YunlinYunlin DHRDHR ±±7.37.3 －－

ChiayiChiayi SBTSBT －－ --12.912.9

TainanTainan LUJLUJ －－ --9.119.11

NBANBA ±±0.30.3 --1.21.2
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AreaArea WellWell Strain SensitivityStrain Sensitivity
(mm/10(mm/10--8 8 ))

Vol. strainVol. strain
(10(10--10 10 )) ΔΔhhexp exp (cm)(cm) ΔΔh h obsobs(cm) (cm) 

IlanIlan WUJWUJ 2.282.28 2.052.05 --0.050.05 --3.93.9

TWNTWN 3.783.78 2.062.06 --0.080.08 +0.3+0.3

MiaoliMiaoli HRKHRK
1.141.14 2.322.32 --0.030.03 --26.226.2

ChangChang-- 
hwahwa

HUTHUT
1.841.84 2.312.31 --0.040.04 －－

YunlinYunlin DHRDHR
4.394.39 2.172.17 --0.100.10 －－

ChayiChayi SBTSBT
5.025.02 2.242.24 --0.110.11 --12.912.9

TainanTainan LUJLUJ 1.781.78 2.192.19 --0.040.04 --9.119.11

NBANBA 2.922.92 2.152.15 --0.060.06 --1.21.2

III. Case Study: 
2008/5/12 Wenchuan Earthquake 2008/5/12 Wenchuan Earthquake (M(MLL 8.0)8.0)
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III. Case Study:  III. Case Study:  2008/5/12 2008/5/12 
Wenchuan Eq. Wenchuan Eq. (M(MLL 8.0) 8.0) 

下半天(二)

180

182

184

186

188

190

192

194

196

198

200

5/12 13:30 5/12 14:00 5/12 14:30 5/12 15:00 5/12 15:30 5/12 16:00

地
下

水
位

(
公

分
)

M 8.0
14:28 14:40

水位變化
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Coseismic Coseismic 
Changes in GSJChanges in GSJ’’s s 
observation wellobservation well
(GSJ(GSJ’’s data)s data)
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MAIN FACTORS FOR EARTHQUAKE-RELATED
GROUNDWATER  CHANGES 

Mechanism of coseismic groundwater level changes Mechanism of coseismic groundwater level changes 

M. Manga and C.-Y. Wang (2007)

++

--

`

Major

Minor
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IV. IV. Possible Possible Mechanism of Mechanism of Preseismic Preseismic 
Changes Changes in Hulien Observation Wellin Hulien Observation Well



 
Effected by ocean tideEffected by ocean tide



 
Located on complex fault zoneLocated on complex fault zone

Tide Gauge
Station

Hulien Observation
Well

1 km200 m

Location of Hulien observation well and tidal gauge stationLocation of Hulien observation well and tidal gauge station
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00h00m00s
16-03-04

00h00m00s
17-03-04

00h00m00s
18-03-04

00h00m00s
19-03-04

00h00m00s
20-03-04

00h00m00s
21-03-04

00h00m00s
22-03-04

00h00m00s
23-03-04

00h00m00s
24-03-04

00h00m00s
25-03-04

00h00m00s
26-03-04

714

716

718

720

722

Hulien:Waterlog:Water level (cm) Hulien:Sealevel:Sealevel (cm)

Comparison of Sea Level and Comparison of Sea Level and 
Groundwater Level Observation Groundwater Level Observation 

Red: sea level observation in Huilen Harbor (6 min)
Green: Groundwater level observation in Huilen Observation(2 min)

Seasonal trend.
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No. Occ. Time ML Lon. Lat.
Depth
(km)

Distance
(km) Obs. Sta. Intens.

9305393053 2004/05/13 23:28:472004/05/13 23:28:47 4.64.6 121.51121.51 24.0524.05 18.918.9 13.3 13.3 HULHUL 44

9306993069 2004/07/09 19:19:292004/07/09 19:19:29 4.84.8 121.43121.43 23.8623.86 19.519.5 23.3 23.3 HULHUL 33

-- 2004/07/14 20:04:302004/07/14 20:04:30 4.14.1 121.52121.52 24.0924.09 21.121.1 15.7 15.7 HULHUL 11

EQ

EQ

EQ

Sea level
Groundwater level

T.D.

T.D.

T.D.
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Possible Mechanism of Observation in Possible Mechanism of Observation in 
HulienHulien Observation WellObservation Well



 
Wave Propagation Wave Propagation Model Model (fault permeability structure)(fault permeability structure)

h0

X0

觀測井 海水面

1Km

150m

16m

Fault (permeability structure,
dominate by stress state)

⊕⊙

(Source)(Receiver) (Medium)

Sea levelObs.Well



DP      RC

2424

V. SummaryV. Summary



 
The results showThe results show thatthat the the dynamic strains induced dynamic strains induced 
by ground by ground shakingshaking could be another could be another possiblepossible factorfactor 
for the for the coseismiccoseismic groundwater level changes. groundwater level changes. 



 
It seems to appear It seems to appear especially in especially in shallow aquifersshallow aquifers 
with with high hydraulic conductivityhigh hydraulic conductivity in in loselose--cemented cemented 
and permeable sedimentary deposits.and permeable sedimentary deposits.



 
The sThe similar effects imilar effects can also be recognized in the can also be recognized in the 
coseismiccoseismic groundwater level changes related to the groundwater level changes related to the 
1999 Chi1999 Chi--Chi earthquake, 2004 Chi earthquake, 2004 WenchuanWenchuan 
earthquakeearthquake ,and ,and 2010 2010 ChiashianChiashian earthquakeearthquake . . 
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V. SummaryV. Summary



 
The The same patternssame patterns of of coseimiccoseimic changes in same changes in same 
wells between 1999 Chiwells between 1999 Chi--Chi earthquake with 2009 Chi earthquake with 2009 
NantouNantou earthquake recognize the earthquake recognize the elastic mechanismelastic mechanism..



 
Curiously preCuriously pre--seismic groundwater level changes in seismic groundwater level changes in 
the pattern of the pattern of tidal deviationtidal deviation occurred repeatedly in occurred repeatedly in 
several local seismic events nearby the HUL.several local seismic events nearby the HUL.



 
The The wave propagation modelwave propagation model were issued from HUL were issued from HUL 
observation results.observation results.
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Thank you !Thank you !
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