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BEEIRINKE & ERKMEEMTEM & OXRMFR
[BEICE T HKIFER - HEKMEZFERICK DB FRMHARE] ICOVT
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Naoji Koizumi, Norio Matsumoto and Wen-Chi Lai (2011) Cooperative research entitled “Hydrological
and geochemical research for earthquake prediction in Taiwan “ between National Cheng-Kung Universi-
ty, Taiwan and National Institute of Advanced Industrial Science and Technology, Japan. Bull. Geol. Surv.
Japan, vol. 62(3/4), p. 185-190, 7 figs, 1 table.

Abstract: Geological Survey of Japan, AIST has been carrying out the cooperative research entitled
"Hydrological and geochemical research for earthquake prediction in Taiwan" with Disaster Prevention
Research Center, National Cheng-Kung University, Taiwan since 2002. We made much contribution
to clarifying the mechanism of groundwater changes and their recoveries related to the 1999 Chi-
chi earthquake, constructing a groundwater observation network composed of 16 wells in Taiwan and
understanding the earthquake-related groundwater changes observed by the new groundwater observation
network through this cooperative research. In Taiwan seismicity is more active and crustal deformation
is more rapid than in Japan. Therefore observation and analysis of groundwater changes related to
earthquake and crustal deformation in Taiwan will enable us to make rapid progress in hydrological
and geochemical research for earthquake prediction. This cooperative research will also give important
information for evaluation of long-term groundwater changes in tectonically active areas like Japan and
Taiwan.

Keywords: Taiwan, 1999 Chi-chi earthquake, groundwater, earthquake prediction, crustal deformation,

geochemistry, ground shaking
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Tectonic setting of Taiwan, the epicenter of 1999
Chi-Chi earthquake (%), observation wells
() and earthquakes( @) with magnitude of 6 or
greater, which occurred during the period from
December 2003 to December 2006. This figure is
modified from Lai et al.(2010). A broken line shows
the earthquake fault of 1999 Chi-Chi earthquake or
the Cherlungpu fault.
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Location of the monitoring wells, the epicenter of
1999 Chi-Chi earthquake and the earthquake fault
(Cherlungpu fault). This figure is modified from

Fig.2

Chia et al. (2001). Coseismic and/or postseismic
drops are represented by open circles. Coseismic
and/or postseismic rises are represented by solid

circles.
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Fig.3 Coseismic and/or postseismic water level changes

in the different aquifers relative to the distances

between the observation wells and earthquake fault.

Layer 1 is unconfined while the other layers are

confined. This figure is after Lai et al.(2004).
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Fig.4 Relation among the coseismic and/or postseismic

water level changes, original altitude of the water

tables and distance between the observation well
and the earthquake fault. The coseismic and/or
postseismic changes are shown by the arrows. This

figure is modified from Lai et al.(2004).
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Fig. 5. Coseismic and/or postseismic groundwater level
changes associated with the earthquake that
occurred on December 10, 2003, event No. 1 in
Table 1 and Fig.1. Two-minute values are shown in
the graph. The date and time are in GMT. ‘P’ , ‘O’
and ‘N’ mean, 'persistent change', 'oscillation' and
'no change', respectively. This figure is after Lai et

al.(2010).
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1% 2003 412 H~ 2006 fFloEBRATRAELZM 6
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Table 1 List of the earthquakes of M 6.0 or greater
(December 2003-December 2006). Locations of the

epicenters are shown in Fig.1.

. Date* Time* Lat. Long. Depth (km)Mw**
Dec. 10,2003  4:38 23.07 121.40 10.0 6.6
Feb. 4, 2004 3:24 2338 122.15 4.0 6.0
May 16,2004 06:04 23.05 121.98 12.5 6.0
May 19,2004 7:04 22.71 121.37 8.7 6.5
Oct. 15,2004  4:08 24.46 122.85 58.8 7.0
Nov. 8,2004  15:54 23.79 122.76 10.0 6.6
Nov. 112004  2:16 24.31 122.16 27.3 6.0
Sep. 6, 2005 9:16 2396 122.28 16.8 6.1
Apr. 12006 18:02 22.88 121.08 7.2 6.3
10 Apr. 16,2006 6:40 22.86 121.30 17.9 6.2
11 Jul. 28,2006 15:40 23.97 122.66 28 6.1
12 Aug. 28,2006 1:11 24.80 123.07 1353 6.1
13 Oct. 9 2006 18:01 20.70 119.83 28.0 6.1
14 Oct. 9 2006 19:08 20.77 119.93 8.0 6.1
15 Oct. 112006  14:43 20.89 119.90 10.0 6.0
16 Dec. 26,2006 20:26 21.94 120.56 44.1 6.7
17 Dec. 26,2006 20:34 21.95 120.39 47.0 6.4

* Date and Time are expressed in GMT.

** Mw: Moment magnitude
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ANDERE IF$R e JHU IS B 2. il dit
R~ HEZROARMEND/ S 2 — Y &Ry, =D
FLA KA LS & 223 KT, A3 3bsR I O HRE) Y 7
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5. Lai et al.(2010) & D 5[Hl.

Relationships among the coseismic and/or
postseismic groundwater level changes, calculated
coseismic static volumetric strain changes,
and peak ground accelerations (PGA) at JHU.
Symbols show patterns of the coseismic and/or
postseismic groundwater level changes. Triangles,
circles, and squares show persistent changes,
only oscillations, and no changes, respectively.
The directions of the triangles show persistent
increases or decreases in the groundwater level.
The size of the triangle shows the amplitude (H)
of the persistent change. The triangle color shows
how the persistent groundwater level change is
explained by the volumetric strain changes. ‘White’
means ‘quantitatively explainable’ , ‘gray’ means
‘qualitatively explainable’ , and ‘black’ means it
is not explained by the volumetric strain change
at all. ‘Quantitatively explainable’ means that
observed coseismic and/or postseismic groundwater
level changes are 50-200% of the groundwater level
changes expected from the static volumetric strain
changes. This figure is after Lai et al.(2010).

NBA (255 2 g g~ b % O 3 MR ZE (L &
PR IRF O F Y e AR FE SR 28 AL & B2 B O i K
(PGA) DOBIfRE/RL 72X,

Relationships among the coseismic and/or
postseismic groundwater level changes, calculated
coseismic static volumetric strain changes, and peak

ground accelerations at NBA.
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