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Introduction
1. Waterlevel changes are associated with the strain 

changes at a specified area.
2. The seismically induced water level changes are 

one of the most significant phenomena. 
3. The amplitude of waterlevel flactuations are 

correlated with the amplitude seismic wave 
4. The passage of seismic wave generated by the 

local earthquakes and distant ones simultaneously 
in response to the water level changes in the wells. 



Geological logs of the two wells

• The Observation time
• The instrument
• The parameters of the two wells
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Dependence on Earthquake 
Magnitude and Hypocentral

Distance
• The wells-monitoring durations of ： February 

2002 ~ May 2005. 
• The earthquake catalogs of the Central Weather 

Bureau (CWB) ： February 2002 ~ May 2005. 





Empirical Equation

• Matsumoto and Takahashi (1994) 
– M≧0.69＋2.45log10(D)
– where M and D are the earthquake magnitude and 

hypocentral distance, respectively. 
• Mogi et al. (1989) 

– M≧1.3＋2.2log10(D)



M≧0.43＋2.39log10(D) --(3) 



M≧0.43＋2.39log10(D) --(3) 



圖3(b)

M≧0.43＋2.39log10(D) --(3) 



Water level fluctuations

• Induced by local earthquakes
– Waterlevel：HLC03 and HLC-05 
– Seismograms：HWA061(CWB) and HWA050(CWB)

• Induced by Distance earthquakes
– Waterlevel：HLC03 and HLC-05 
– Seismograms：NACB(BATs)



















1. Brodsky et al. (2003) shows that the amplification x(f), to be 
the ratio of water level changes and velocity seismograms, is 
function of frequency and can be formulated as

where A is the ratio of the dilatational strain to the vertical 
ground velocity, G is tidal response (Rojstaczer and Agnew, 
1989), f is frequency, H is the water level height, r is the well 
bore radius, l is the fracture length, Ss is hydraulic 
conductivity, and K is specific storage. 
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2. For the case of NVIP-3 well in America (Brodsky et al., 
2003), it provides that the x(f) values reach a value of 
about 240 at frequency less than 0.1 Hz and gradually 
decay to about 40 at frequency greater than 0.1 Hz. 
Most of the parameters can be obtained from the results 
of the pumping test. However, the detailed information is 
not available for the HLC-05 well, because the 
preliminary purpose of installation of the well is not for 
monitoring the water level changes. Hence, the only two 
known parameters are the H and r values. Nevertheless, 
the rest of the unknown parameter can be considered to 
be constant for a specified well during a specified time, 
and the c(f) curves will resemble the computation of 
Brodsky et al. (2003), for which the seismic waves with 
high frequency contents resulting in smaller c(f) values 
than those with low frequency contents. In general, 
distance earthquake contains longer period of seismic 
waves than the local ones because of the filtration of the 
path (Fig. 6 and Fig. 9). Hence, the PWL values can be 
generated larger values by the distance earthquakes 
than by the local ones



1. In this study we observe that the earthquake-related water level 
changes, which depend on the earthquake magnitudes and 
hypocenters, are more susceptible than other well observations 
from Matsumoto and Takahashi (1994) and Mogi et al. (1989). 

2. A new equation formulated as Equation (3) to fit in with the data of 
both the HLC-05 and the HLC-03 well over the monitoring period. 
As follows 

3. It seems that the PGV of horizontal component could be more 
appropriate for correlating the peak water level fluctuation. 

4. The relation between PGA and PWL not found any good mode of 
fitting. 

Summary 

M≧0.43＋2.39log10(D) 
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