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Abstract

We utilize GAMIT/GLOBK software to estimate the precise coordinates for continuous
GPS station (CGPS) of Central Geological Survey (CGS) in Taiwan. To promote the software
estimation efficiency, 250 stations are divided by 8 subnets which have been considered by
station numbers, network geometry and fault distributions. Each of subnets include around 50
CGPS and 10 international GNSS service (IGS) stations. Furthermore, 8 subnets are process
in parallel mode and combined into a daily solution. Due to the data comes from different
research centers, the basic information for stations such as antenna types, antenna height and
other maintain record cannot been obtained by exchanging the data. Under the requirement of
processing procedure, the basic information of stations needs to be corrected. A poor accuracy
or a big error will be occurred by incorrect basic information, and then the station will be
removed. After long period of data collection and estimation, a time series variation can be
build up to study the effect of earthquakes and estimate the velocity of stations. In terms of
co-seismic deformation research, the coseismic deformation of the Fanglin earthquake
occurred on May 2014 was carried out. However, no significant coseismic deformation was
detected by continuous GPS stations due to the moderate magnitude and deep hypocenter. For
the 2014 final-term report, we have achieved the examinations of results from 30 precise
leveling routes with 1,099 sessions and from 116 campaign-mode GPS stations in Peiyi
area ,112 campaign-mode GPS stations in Taochumiao area ,181 campaign-mode GPS

stations in Jianan area , 155 campaign-mode GPS stations in central area,111 campaign-mode



GPS stations in Kaoping area,69 campaign-mode GPS stations in Huatung area and 32
campaign-mode GPS stations in Hengchun area,that have been measured up-to-date. After
comparing the coordinates from campaign-mode GPS sites and precise leveling benchmarks
with the time series from continuous GPS stations, the velocity field is consistent with
previous measurement which show the reliability of observation.

No matter which kind of SAR images used, all master images are paired with slave
images according to temporal baseline, perpendicular spatial baseline, Doppler centroid
frequency, and thermal noise. In this moment, we first compare PS-InSAR results with
deformation rate from leveling profiles and continuous GPS station in study area. The results
of ERS1/2 in the period 1996-1999 shows that the maximum uplift rate of 8 mm/yr located in
Shihlin and Peitao area, meanwhile the maximum subsidence of 5 mm/yr located in Tucheng
area. In the period of 2003-2008 with ENVISAT images, maximum subsidence rate of 9
mm/yr located in Taishan and Wukou area. On average, the subside rate is about 3-4 mm/yr.
The comparison of PS results and four leveling profiles demonstrate that the general trends
are consistent even some disturbances occurred in some area. In the period of 2007-2011,
Taipei basin revealed a slight uplift or no significant deformation along LOS from PS-InSAR
with ALOS images. The deformation rate from INSAR is consistent with that of continuous
GPS. In comparison with the leveling profiles, the accuracy of PS-InSAR is not good enough
along the routes 1 and 2, thus the match of two data is unclear. However the comparison of
routes 3 and 4 with PS-results is quite consistent. In addition, we first try to superimpose the
PS-InSAR results on LiDAR-derived DEM to improve the precise locations of PS and
characterize deformation pattern across and along the lineaments revealed by LiDAR-derived
DEM. We also try it in eastern Taiwan in which the lineaments are quite dense from the
geomorphological analysis of LiDAR-derived DEM. In general, the significant uplift along
LOS is consistent with the significant lineaments in eastern Taiwan.

The goal of probability analysis of active faults is to establish the flow chart of 33 active
faults in Taiwan. In this year, 9 active faults in northern Taiwan have been assessed to get the
recurrence interval and the probabilities for the characteristic earthquake occurred in 30, 50
and 100 years. The faults are as followings: Shanchiao, Hukou, Hsinchu, Hsincheng, Sanyi,
Shitan, Tuntzuchiao, Tiehchanshan, and Tachia faults. For Shanchiao fault, BPT model was
used, and the last event is set at year 1867 for the northern segment, and year 1694 for the
southern segment respectively. The probabilities for the 6.2 =Mw =7.5 earthquake occurred
in 30, 50, and 100 years are 9.9%, 15.0%, and 24.6%, and the probabilities for the Mw =6.5
earthquake occurred in 30, 50, and 100 years are 8.1%, 12.5%, and 21.4%, and the
probabilities for the Mw = 7.0 earthquake occurred in 30, 50, and 100 years are 0.7%, 1.1%,
and 2.4%. For Hukou fault, Poisson model was used, the probabilities for the 6.1 =Mw =7.3
earthquake occurred in 30, 50, and 100 years are 19.6%, 29.8%, and 48.7% respectively. The
probabilities for the Mw = 6.5 earthquake occurred in 30, 50, and 100 years are 13.5%, 21.0%,



and 35.5%, and the probabilities for the Mw =7.0 earthquake occurred in 30, 50, and 100
years are 1.1%, 1.8%, and 3.2%. For Hsinchu fault, Poisson model was used, the probabilities
for the 6.1 =Mw =7.2 earthquake occurred in 30, 50, and 100 years are 18.4%, 28.3%, and
47.3%, and the probabilities for the Mw= 6.5 earthquake occurred in 30, 50, and 100 years
are 8.5%, 13.4%, and 23.4%, and the probabilities for the Mw = 7.0 earthquake occurred in 30,
50, and 100 years are 0.2%, 0.3%, and 0.5%. For Hsincheng fault, BPT model was used, and
the last event is set at 300 years ago. The probabilities for the 6.1 =Mw=7.1 earthquake
occurred in 30, 50, and 100 years are 28.1%, 41.6%, and 63.9%, and the probabilities for the
Mw = 6.5 earthquake occurred in 30, 50, and 100 years are 15.3%, 23.3%, and 37.6%, and the
probabilities for the Mw = 7.0 earthquake occurred in 30, 50, and 100 years are 0.1%, 0.2%,
and 0.4%. For Sanyi fault, Poisson model was used, then the results showed that the
probabilities for the 6.4 =Mw = 7.4 earthquake occurred in 30, 50, and 100 years are 10.0%,
15.8% and 28.1%, and the probabilities for the Mw = 6.5 earthquake occurred in 30, 50, and
100 years are 9.9%, 15.6% and 27.7%, and the probabilities for the Mw=7.0 earthquake
occurred in 30, 50 and 100 years are 1.4%, 2.2% and 4.1%. The Shitan fault and Tuntzuchiao
fault, which may trigger each other, can be considered as a Shitan— Tuntzuchiao fault system.
BPT model was used for the fault system, and the last event is set at year 1935, then the
results showed that the probabilities for the 5.9 =Mw = 7.2 earthquake occurred in 30, 50, and
100 years are 45.2%, 58.6%, and 74.9%, and the probabilities for the Mw=6.5 earthquake
occurred in 30, 50, and 100 years are 17.1%, 23.6%, and 32.8%, and the probabilities for the
Mw = 7.0 earthquake occurred in 30, 50 and 100 years are 0.3%, 0.5%, and 1.1%.
Tiehchanshan fault is a back thrust of Tachia fault, and may not rupture independently.
Besides, the fault length is so short that the fault will not generate earthquakes with large
magnitude, thus Tiehchanshan fault is not taken into account for assessment of earthquake
hazard. Considering Tachia fault may rupture together with Changhua fault, the Tachia—
Changhua fault system is assessed. BPT model was used for this fault system, and the last
event is set at year 1848. The probabilities for the 6.2 <Mw =7.6 earthquake occurred in 30,
50, and 100 years are 27.7%, 39.9%, and 58.9%, and the probabilities for the Mw=6.5
earthquake occurred in 30, 50, and 100 years are 26.8%, 38.6%, and 57.3%, and the
probabilities for the Mw = 7.0 earthquake occurred in 30, 50, and 100 years are 9.6%, 14.5%,
and 23.1%, and the probabilities for the Mw =7.5 earthquake occurred in 30, 50, and 100
years are 0.05%, 0.08%, and 0.16%.

This research evaluated the slip rate and slip deficit rate of active faults in northern and
central Taiwan by 3D block model DEFNODE. We first get the surface fault traces and the
subsurface fault geometry parameters, and then establish the block boundary model of our
study area. The surface deformation observations are the 2002-2012 average horizontal
velocities measured by GPS networks in northern and central Taiwan. By employing the
DEFNODE technique, we invert these GPS velocities for the best-fit block rotate rates, long

term slip rates and slip deficit rates. Our results show that the slip deficit rates of the Tachia



and Tuntzuchiao faults are low ( about 1 ~ 2 mm/yr ), inferring that the earthquake potential of
these two faults may be relatively low. On the other hand, the slip deficit rates of the Sanyi
fault are higher than the surrounding faults (about 11.4 mm/yr) , implying a relatively high
earthquake potential. In northern Taiwan, because the horizontal velocities observed by GPS
are generally lower than that of the central Taiwan, the modeled fault slip deficit rates are
therefore relative low. Our results also indicate that the detachment faults with low dipping
angles play an important role on the surface deformation of this study area.

The persisted data processing on 11 borehole strainmeter stations is carried out in Chiayi,
Hsinchu and Taipei networks. The barometric effect was removed from the strainmeter data
by several events with significant barometric pressure changes to search the strain anomalies
associated with big earthquakes. From December 2013 to November 2014, One
strain-anomaly event in Chiayi network related to the My 5.9 event occurred in Hualien on
May 21, one strain-anomaly event in Hsinchu network related to the swarm earthquakes in
Hsinchu from February 5 to February 8 and one strain-anomaly event in Taipei network
related to the My 4.2 event occurred in Yangmingshan on February 12 were detected. Besides
the analysis of areal strain, the shear strain is also used to study the pre-event anomalous
strain of earthquake occurred in Wulai, New Taipei City. This pre-event strain anomaly is
considered as a precursor in our preliminary results. Statically, the probability for successful
prediction of strain anomaly with corresponding earthquake in Chiayi, Hsinchu and Taipei
network is 40%, 71% and 67% respectively. The probability of no significant stain anomaly
found prior to a significant earthquake is 0%, 29% and 25% in above-mentioned networks.
Time series data of areal strain associated with events of earthquake are analyzed via
time-frequency analysis. Those data are collected in stations of Hsinchu network. Time span
of analysis ranges from October 2013 to September 2014. Analysis results show existence of
long lasting characteristic frequencies being 0.05 ~ 0.09 ~ 0.1 Hz. The areal strain intensity’s
frequency response ranges from 0.0 to 0.03 Hz, which reflects the phenomenon that the areal
strain increases and then releases on the earthquake. Different station has different
characteristic frequencies. The frequency response ranges from 0.2 to 0.5 Hz on average. It is
shifted to 0.1 to 0.5 Hz when precipitation or pressure riches its extreme value.

During the period from December 2013 to November 2014, the Tapingti, Gukeng and
Chihshang stations show a significant increase of soil radon concentrations, which might be
an precursor related to Nantou earthquakes (Mp 5.0) occurred on January 15, 2014.
Furthermore, the Chunglun and Donghua stations show a pregressively increasing of soil
radon, anfd TSUN monitoring well also show a big water-level raising anomaly 13hrs before
the Fanglin earthquake (M;=5.9) which occured at May 21%,as a precursor. Before the
earthquake swarm occurred at Hsinchu area in February, variations of soil radon at TPT
station and water level at CINT station present a significant change. However, most of the

groundwater anomalies related to the local earthquake. In this year, neither large earthquakes



(ML >6.0) occurred nor precursory declines in the concentration of groundwater radon were
recorded near the Antung station and the Kenting station. Based on our long-term
observations, the concentration of groundwater radon is not affected by the precipitation and
other environmental factors at the Antung station with water sampled from a confined aquifer.
On the other hand, the concentration of groundwater radon is affected by the precipitation at
the Kenting station with water sampled from an unconfined aquifer.

We have searched for possible precursory anomalies for magnitude greater than 5
earthquakes (M>5), using geochemical, hydrological observation, borehole strainmeter, and
seismological observations. During the study period of January 2009 to November 2014, 174
M>5 events have been occurred in and around Taiwan. For the study period of this report, the
M=5.9 Hualien earthquake occurred on 2014/05/21 (ID=163) might be related to three
individual anomalies in the same network with groundwater anomaly, borehole strain
anomaly and geochemical gas anomalies occurred simutaneously. In addition, some
anomalies were also observed, which might be related to the 10 swarm events occurred on
February 5-8 in Hsinchu area, an integrated discussion was made so far.

We also try to integrate 3 observations of geodetic strain from PS-InSAR, CGPS and
high frequency CGPS strain data. The PS-InSAR could provide the displacement of LOS
which is sentitive to the vertical deformation. If the traditional geodetic measurement is
integrated with the deformaition observed by PS-InSAR, the 3D deformation could be
archieve with large area. High frequency GPS could not only provide the nearfield coseismic
deformation but also can be used to co-analyze with seismoters and borehole strainmeters to
get the crustal displacement, acceleration and strain. The strain calculated from high
freguency GPS is similar to that from borehole strainmeters, but the strain from high
frequency GPS is obviously with less sensitivity. However, due to the densily distributed

CGPS networks, it can be useful for co-anlysis of strain anomly in the future.

Keywords: GPS, CGPS, Block model, PS-InSAR, Borehole strainmeter, Gas
geochemistry, Water-level observation well, Probabilistic analysis for active
faults, Slip deficit rate
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