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Shallow Groundwater Responses to Geological Events
in Active Tectonic Subsidence Settings
(1) - A Spatial Coseimic Groundwater variations in the Pingtung Plain
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We examined both co-seismic and post-seismic changes in groundwater level
following the 1999 Chi-Chi earthquake in the Pingtung plain. The spatially
coseismic change distribution shows two major increased centers in the study area.
Most wells lowered the water level during both co-seismic and post-seismic. Water
level raised primarily near the western foothill area. Three near foothill wells however
changed water level permanently after 921 earthquake to increase the water level,
while five wells lowered their water levels permanently in the central and eastern
plain area.

Keywords: active tectonic, subsidence, shallow groundwater level, GPS.
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The previous proposal has studied the long-term changes of the Pingtung plain.  This
one we continue working in the same area yet have shifted to the short-term changes,
particular at and post Chi-Chi earthquake (1999/9/21). We analyzed the co-seismic
spatial distribution patterns and the post-earthquake changes up to 350 hours to
examine whether the hydrogeological parameters and groundwater flow system have
changed since Chi-Chi Earthquake in the study area. Despite we are aware of the
coseimic water level changes during Chi-Chi earthquake are not as much as that in the
central Taiwan. We intend to use the distance as a filter to examine the stress and
strain models under this situation.  Since the study area is a thick unconsolidated
Quaternary sediments should have the chance to reflect the long-term and short term

active tectonic activities.
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I. Coseismic changes and its Spatial Distribution

Figure 1 shows the coseismic water level change at 921 Chi-Chi earthquake in the
shallow aquifers(< 300m) in the study area. Figure 1(a) shows coseismic water level
fluctuations; blue ones show increased in water level while red ones indicate water
levels dropped. Most wells showed water increase are located in the eastern part of
the Pingtung plain near the foothill region while most wells decrease in water levels
are located in the central and eastern part of the plain especially near the ChaoChou
Fault(Figure 1). Figure 1b shows the counter map of coseismic water level changes.
Two peak centers were observed for the coseismic changes. Compare to the general
regional flow pattern, higher water level in the northeastern and lower water level in
the southwestern region, there are several significant changes. First of all,
groundwater flow dipped toward the Chao-Chou Fault in the east instead of in the
southwest.  Second, the higher water level changed from northeastern to
northwestern. Meanwhile the lower water level region changed from southwestern
region to the east. However, this change only exists in a short period of time. The
flow pattern in general in the study area soon returns to its original pattern, flowing
from northeast to southwest even with some permanent change water levels.
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Figure 1. (a) the coseismic groundwater levels in shallow aquifer, and (b) is the contour map of
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the coseismic changes.

I1. Post earthquake Water level Variations

We also examined post earthquake water changes. Seven wells increased water
level coseismiclly, but only three wells water level permanently changed upward
(Figure 2). In the mean time, there are five wells decreased permanently(Figure 2).

We also examined the post-earthquake flow pattern.  Figure 3 shows no
significant groundwater flow pattern change after 921 Chi-Chi earthquake in the study
area, despite some of local peaks temporally exist.  This indicates that the 921
Chi-Chi earthquake has much less impact hydrological parameters in the study area
compare that in the central Taiwan (Wang et al, 2005; and Wan et al, 2004). In
addition, there is no permanent flow pattern change like that in the central Taiwan
(Wang et al, 2005).
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Figure 2 Wells with permanent water level change.

and red ones indicate water level decreased.

Post Chi-Chi earthquake Groundwater flow system
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Figure 3 Post Chi-Chi earthquake groundwater flow system returns to its original pattern.
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We consider this project to be productive due to the fact that we are able to establish
the relationship between groundwater level and coseismic and post earthquake
changes in the study area. The results are promising and it is needed to look into
further in both shorter time scale and in different areas in the future.

1. Most coseismic decreased in groundwater levels were found in the central and east
part of the study area while most increased in groundwater levels were observed
in the west part.

2. Coseismic changes produced a temporally regional flow pattern dipped toward
east in a relative short period of time.

3. Only few wells have permanent change their water level after 921 Chi-Chi
earthquake.

4. Even though some wells exhibit permanent change in water level, the general
regional flow pattern remains the same.
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