
Coseismic Groundwater Level Changes Coseismic Groundwater Level Changes 
and its Mechanism,and its Mechanism, Taiwan, 2003~2004Taiwan, 2003~2004

WenWen--Chi LaiChi Lai11, Tzay, Tzay--Tzong TsaiTzong Tsai11, , 
ChjengChjeng--Lun ShiehLun Shieh11, Naoji Koizumi, Naoji Koizumi22

1.Disaster Prevention Research Center, 1.Disaster Prevention Research Center, 
National Cheng Kung University, Tainan, Taiwan R.O.CNational Cheng Kung University, Tainan, Taiwan R.O.C

2. Geological Survey of Japan,2. Geological Survey of Japan,
Agency of Industrial Science and Technology, JapanAgency of Industrial Science and Technology, Japan



22

ContentContent
Problem StatementProblem Statement

Goals of Our WorkGoals of Our Work

MethodologyMethodology

ObservationObservation

ResultResult

DiscussionDiscussion

SummarySummary



33

Problem StatementProblem Statement
The wellThe well--aquifer system as a strain meteraquifer system as a strain meter

The limitation of the observationThe limitation of the observation

strain sensitivity?strain sensitivity?

The responses to the earthquake faultingThe responses to the earthquake faulting

Type? Time and Spatial Distribution? Type? Time and Spatial Distribution? 

Mechanism of the coseismic groundwater level Mechanism of the coseismic groundwater level 
(GWL) change.(GWL) change.
Application for the precursor research Application for the precursor research 
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Goals of Our WorkGoals of Our Work

Estimate the strain sensitivity of observation Estimate the strain sensitivity of observation 
wells from tidal analysis and coseismic wells from tidal analysis and coseismic 
response.response.

Check the possible mechanism of observationCheck the possible mechanism of observation

Using the high resolution observation to clarify Using the high resolution observation to clarify 
the mechanism of the coseismic GWL changes the mechanism of the coseismic GWL changes 
in Taiwanin Taiwan
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MethodologyMethodology

Using BaytapUsing Baytap--G Program to derived the Tidal G Program to derived the Tidal 
component of observed groundwater levelcomponent of observed groundwater level

Derived the tidal potential from ETERNA Derived the tidal potential from ETERNA 
ProgramProgram

Determined the static strain sensitivity by cross Determined the static strain sensitivity by cross 
spectrum and tidal analysis methodspectrum and tidal analysis method

Derived the coseismic static volumetric strain Derived the coseismic static volumetric strain 
using Okada(1992) dislocation program codeusing Okada(1992) dislocation program code



66

Using the Dislocation Model to Using the Dislocation Model to 
Determinate the Static Volumetric StrainDeterminate the Static Volumetric Strain

LeftLeft
LateralLateral

RightRight
LateralLateral

ReverseReverse
FaultFault

NormalNormal
FaultFault
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ObservationObservation

Philippine Sea PlatePhilippine Sea Plate

Eurasian PlateEurasian Plate

AccretionalAccretional
WedgeWedge

Luzon Arc

Luzon Arc

Ryuku Arc
Ryuku Arc

Taipei
Taipei

Kaoshiung

Kaoshiung
Tainan
Tainan

Taichung

Taichung

Taitung
Taitung

Hulien
Hulien

IlanIlanIlan Seismic Zone

Ilan Seismic Zone

Taitung
Taitung--Huilen Seismic Zone

Huilen Seismic Zone

SanyiSanyi--Puli Seismic ZonePuli Seismic Zone

Chiayi
Chiayi--Tainan Seismic Zone

Tainan Seismic Zone

HDN

SIP

DHR

LJANBA

TWN

HUATLO

till 2003/12
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ObservationObservation

New buildNew build
OperatedOperated

SIPSIP

TLOTLO

HULHUL

DHRDHR

HDNHDN
LUJLUJ
NBANBA

TWITWI

2003/12~2004/5 Total 36 Events M>5

8 8 Observation wells distributeObservation wells distribute
around Taiwan Islandaround Taiwan Island
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Groundwater Monitor Network of TaiwanGroundwater Monitor Network of Taiwan
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AreaArea

550550239239TotalTotal
36362020Ilan PlainIlan Plain

1321325555Pingtung PlainPingtung Plain

1141144545
ChiayiChiayi--TainanTainan
AreaArea

1931937070
Choshui River Choshui River 
Alluvial FanAlluvial Fan

2211
Taoyuan Taoyuan 
TablelandTableland

4422Taipei BasinTaipei Basin

WellWellSiteSiteSubSub--ProvinceProvince

(~2003)
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Observation DataObservation Data
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Spectrum of Tidal Potential Spectrum of Tidal Potential 
(Derived from ETERNA Program)(Derived from ETERNA Program)
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Tidal Potential Series of ObservationTidal Potential Series of Observation
(Derived from ETERNA Program)(Derived from ETERNA Program)

-20

-10

0

10

20

30

40

7/31 08:00

8/1 08:00

8/2 08:00

8/3 08:00

8/4 08:00

8/5 08:00

Time

Pr
ed

ic
te

d 
Ti

de
(n

str
)



1313

Transfer Function of Tidal Component Transfer Function of Tidal Component 
(Responses to Volumetric Strain)(Responses to Volumetric Strain)
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Nov. 2002
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Strain Sensitivity Estimation Strain Sensitivity Estimation 

~ 48 ~ 48 cm / ppmcm / ppm0.4800.480SIPSIP

~ 34 ~ 34 cm / ppmcm / ppm0.3360.336TLOTLO

~ 51 ~ 51 cm / ppmcm / ppm0.5070.507DHRDHR

~ 43 ~ 43 cm / ppmcm / ppm0.429**0.429**HRDHRD

~ 26 ~ 26 cm / ppmcm / ppm0.2560.256LUJLUJ

~ 42 ~ 42 cm / ppmcm / ppm0.4190.419NBANBA

~ 40 ~ 40 cm / ppmcm / ppm0.4010.401TWNTWN

~ 77 ~ 77 cm/ ppmcm/ ppm0.771*0.771*HULHUL

Strain SensitivityStrain SensitivityM2 Amp.(cm)M2 Amp.(cm)ObservationObservation

* Effected by ocean tide          **Effected by pumping
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Observation ResultsObservation Results
Earthquake observation HUL TWN LUJ NBA HDN DHR TLO SIP

2003/4/3 Taina, M=4.96 2 S S
2003/6/10 Taitung, M=6.5 3 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 B S O+S O+S O
2003/12/11Taitung, M=5.7 1 S

2003/12/18 Taitung, M=5.78 1 O
2004/1/1Taitung, M=5.9 1 O O
2004/1/6 Ilan, M=4.63 1 O+S O

2004/1/13 Hulien, M=5.0 1 S O
2004/2/4 Hulien, M=6.0 3 O+S O+S O
2004/2/9 Hulien, M=4.3 2 O S

2004/4/20 Taitung, M=5.1 1 O
2004/4/24 Hulien, M=5.3 1 O O
2004/4/25 Hulien, M=4.31 1 O
2004/5/1Hulienm, M=5.8 3 S S S O+S
2004/5/8 Taitung, M=5.7 4 O S O O
2004/5/16Taitung, M=6.0 1 O S
2004/5/19 Taitung, M=6.5 6 S O+S S S S O

2004/7/6 Ilan, M=5.8 1 S S

Total 102 observationsO: oscillation S: step-like change blank: no deteact



1616

The Study of Groundwater Anomalies Associated with the Earthquake
Station  Don-Her 2003/09/25-26

12:00 AM

1:00 A
M

2:00 A
M

3:00 A
M

4:00 A
M

5:00 A
M

6:00 A
M

7:00 A
M

8:00 A
M

9:00 A
M

10:00 A
M

11:00 A
M

12:00 PM

1:00 P
M

2:00 P
M

3:00 P
M

4:00 P
M

5:00 P
M

6:00 P
M

7:00 P
M

8:00 P
M

9:00 P
M

10:00 P
M

11:00 P
M

12:00 A
M

1:00 A
M

2:00 A
M

3:00 A
M

4:00 A
M

5:00 A
M

6:00 A
M

7:00 A
M

8:00 A
M

9:00 A
M

10:00 A
M

11:00 A
M

12:00 P
M

1:00 P
M

2:00 P
M

3:00 P
M

4:00 P
M

5:00 P
M

6:00 P
M

7:00 P
M

8:00 P
M

9:00 P
M

10:00 P
M

11:00 P
M

0

1

R
ai

nf
al

l(m
m

/2
m

in
)

996

997

998

999

1000

1001

1002

Pr
es

su
re

(h
P

a)

314

316

318

320

322

S3
 W

at
er

 L
ev

el
 (c

m
)

25.176

25.178

25.180

25.182

25.184

25.186

25.188

25.190

S3
 W

at
er

 T
em

pe
ra

tu
re

(o
C

)

Made by Wen-Ji Lai & Tzay-Tzong Tsai

315

316

317

318

319

320

321

322

0:
00

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

9:
00

10
:0

0

11
:0

0

12
:0

0

92/9/26

424

424.5

425

425.5

426

426.5

427

427.5
0:

00

1:
00

2:
00

3:
00

4:
00

5:
00

6:
00

7:
00

8:
00

9:
00

10
:0

0

11
:0

0

12
:0

0

Types of the Coseismic Responses:Types of the Coseismic Responses:
OscillationOscillation



1717

Types of the Coseismic Responses:Types of the Coseismic Responses:
StepStep--Like ChangeLike Change

The Study of Groundwater Anomalies Associated with the Earthquake
Station  Liu-Jar 2003/12
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Coseismic and Volumetric StrainCoseismic and Volumetric Strain
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Liu-Jar 2003/12/9~2003/12/10
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Don-Her 2003/12/9~2003/12/10
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Hualien 2003/12/09~2003/12/10
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Chun-Wei 2003/12/09~2003/12/10
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Ton-Lo 2003/12/09~2003/12/10
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The Study of Groundwater Anomalies Associated with the Earthquake
Station  Her-Don2003/12/09~2003/12/10
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DiscussionDiscussion

Coseismic response had two kinds different Coseismic response had two kinds different 
responses (Local/ Distant event).responses (Local/ Distant event).

Why there so large difference between Why there so large difference between 
predicted value and observation ?predicted value and observation ?

Curiously ObservationCuriously Observation

Possible MechanismPossible Mechanism
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Comparison of the coseismic Groundwater Comparison of the coseismic Groundwater 
Level Changes (Observation: Hulien)Level Changes (Observation: Hulien)

Earthquake Vol. Strain Pred. GWL Chg. Observation Type
2003/12/10 Taitung, M=6.6 -1.16E-08 8.91983 -1.3471 O+S
2003/12/11Taitung, M=5.7 -1.93E-11 0.00297 n

2003/12/18 Taitung, M=5.78 -1.64E-11 0.00252 0.3313 O
2004/1/1Taitung, M=5.9 -3.05E-10 0.04692 -2.5588 S
2004/1/6 Ilan, M=4.63 -2.49E-10 0.03832 0.3989 O

2004/1/13 Hulien, M=5.0 -1.06E-10 0.01628 n
2004/2/4 Hulien, M=6.0 2.49E-10 -0.03829 -0.2362 O+S
2004/2/9 Hulien, M=4.3 9.52E-12 -0.00147 -1.0751 O

2004/4/20 Taitung, M=5.1 9.12E-11 -0.01404 -0.2438 O
2004/4/24 Hulien, M=5.3 -8.98E-10 0.13830 0.3306 O

2004/4/25 Hulien, M=4.31 -1.44E-11 0.00221 0.3842 O
2004/5/1Hulienm, M=5.8 2.54E-11 -0.00392 0.3602 O
2004/5/8 Taitung, M=5.7 -1.88E-10 0.02898 0.3200 S
2004/5/16Taitung, M=6.0 -4.98E-09 0.76698 -9.3588 S
2004/5/19 Taitung, M=6.5 -9.03E-12 0.00139 0.2458 O

2004/7/6 Ilan, M=5.8 -6.38E-12 0.00098 n
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PostPost--seismic Response of GWL Changesseismic Response of GWL Changes
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Location of Hulien Observation WellLocation of Hulien Observation Well

Tide Gauge
Station
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Possible Mechanism of Observation in Possible Mechanism of Observation in 
Hulien Observation WellHulien Observation Well

Local geological structure Local geological structure 
environmentenvironment
Observation well located onObservation well located on
fault zonefault zone
Locally pullLocally pull--apart settingapart setting
will made the difference will made the difference 
response with the predictedresponse with the predicted
crust volumetric straincrust volumetric strain
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Red: Ocean tide observation in Huilen Harbor (6 min)
Green: Groundwater level observation in Huilen Observation(2 min)
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Possible Mechanism of Observation Possible Mechanism of Observation 
in Hulien Observation Wellin Hulien Observation Well

Ocean Dynamic Loading ChangesOcean Dynamic Loading Changes
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Spectra of ocean water loading to Spectra of ocean water loading to 
Huilen Observation WellHuilen Observation Well
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PostPost--seismic Response of GWL Changesseismic Response of GWL Changes

Sato et al., (2004)

Effect of tsunami loadingEffect of tsunami loading
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SummarySummary
The mechanism of coseismic GWL changes should The mechanism of coseismic GWL changes should 
consider the spatial difference of the responseconsider the spatial difference of the response

Most of local observation responses to volumetric Most of local observation responses to volumetric 
strain induced by dislocation, but easily been attenuate .strain induced by dislocation, but easily been attenuate .

Pressure head increase made by seismic shacking are Pressure head increase made by seismic shacking are 
most common  phenomenon of distant observationmost common  phenomenon of distant observation

The characteristic of  alluvial sediment could be the The characteristic of  alluvial sediment could be the 
main reason effect the coseismic changesmain reason effect the coseismic changes

The ocean loading could be a possible mechanism of The ocean loading could be a possible mechanism of 
coseismic or post seismic GWL changescoseismic or post seismic GWL changes
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