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Seismic activities in Taiwan are largely resulted from plate
convergence between the Eurasian plate (EUP) and the
Philippine Sea plate (PSP) (Figure 1). Most seismic energy
release occurs in the two subduction zones to the northeast
and southeast of Taiwan and the collision zone between these
two subduction zones. In the midsection of Taiwan, a series of
active faults can be found. It is therefore not surprising that
Taiwan has repeatedly been struck by large earthquakes
[2]-[4].
Earthquakes have caused great loss of lives in Taiwan.
Hence, National Science Council (NSC) of Taiwan started the
HAZ-Taiwan project to promote research on seismic hazard
analysis [5]. Reliable assessment of seismic hazards is a
fundamental requirement for effective earthquake disaster
mitigation. Reliable seismic hazard assessment, in turn,
requires accurate ground motion estimates. In general, the
methodology used to produce earthquake risk maps is usually
based on the Probabilistic Seismic Hazard Analysis (PSHA)
[6]-[8]. However, using scientific peak ground acceleration
(PGA) measurement scales and an abstract of
probability-level concept may limit the understanding and use
of seismic hazard information by the general public [9].
Alternatively, the ShakeMap introduced by the United
States Geological Survey (USGS) provides a more
understandable and more easily applicable seismic hazard
information product to non-technical users [9]. Instead of
providing peak ground acceleration for a pre-selected
probability of exceedance, this approach shows the
probabilities of exceeding ground shaking intensities of
interest. In this study, three levels of ground shaking selected
both from the Modified Mercalli Intensity (MMI) scale and
the Taiwan intensity scale used by the Central Weather
Bureau (CWB) of Taiwan. On the MMI intensity scale, the
levels of earthquake shaking are designated as light damage
(MMI VI), moderate damage (MMI VII), and heavy damage
(MMI VIII). Likewise, on the CWB intensity scale (CWBI),
the levels of earthquake shaking are designated as minor
damage (CWBI V), moderate damage (CWBI VI), and severe
damage (CWBI VII).

Abstract— The island of Taiwan lies at the boundary between
the Philippine Sea plate and the Eurasia plate. Accordingly, the
majority of seismic energy release near Taiwan originates from
the two subduction zones. It is therefore not surprising that
Taiwan has repeatedly been struck by large earthquakes. Analysis
of seismic hazard potential becomes necessary in Taipei City for
the Central Geological Survey (CGS) announced the Sanchiao
active fault as Category II. In this study, a catalog of more than
2000 shallow earthquakes occurred from 1900 to 2016 with Mw
magnitudes ranging from 5.0 to 8.2, and 11 disastrous
earthquakes occurred from 1683-1899, as well as Sanchiao active
fault in the vicinity are used to estimate the seismic hazard
potential in Taipei City. As a result, it is clear that a high
probability of greater than 30% over a 10 year period for seismic
intensity corresponding to the CWBI V appears in western
Jhongjheng, southern Jhongshan and eastern Wanhua. In
addition, the probabilities of seismic intensity exceeding CWBI
VII in 10, 30, and 50-year periods in the border area of Shihlin
and Neihu, northeastern Shihlin as well as northeastern Beitou
are greater than 5%, 10％ and 15%, respectively. Furthermore,
from the seismic intensity probabilities over 10, 30, and 50-year
periods corresponding to MMI greater than VI, VII and VIII, a
high seismic intensity probability of greater than 50% over a
10-year period, corresponding to an MMI greater than VI, can be
found in the following regions: (1) in the border area of Shihlin
and Neihu. (2) Central and western Jhongjheng. (3) Southern
Jhongshan. (4) Eastern Wanhua. (5) Western Daan. (6)
Northwestern Shihlin. (7) Northern Datong. The probabilities of
seismic intensity exceeding MMI VIII in 10, 30, and 50-year
periods in the above areas are greater than 5%, 20% and 30%,
respectively. We urge both Taipei City and central governments to
pay special attention in this highly urbanized area with a large
number of old buildings. The results of this study will show which
areas with higher earthquake hazard potential in Taipei City.
They provide a valuable database for the seismic design of critical
facilities. It will help mitigate Taipei City earthquake disaster loss
in the future, as well as provide critical information for emergency
response plans.
Index Terms—Seismic Ground Motion, Seismic Intensity
Probability, Seismic Hazard Potential, Taipei.

I. INTRODUCTION
Taiwan is located along the circum-Pacific seismic belt.
During the last century, many damaging earthquakes had
occurred in Taiwan. The most devastating earthquakes
occurred in densely populated areas of western Taiwan. More
than 7,700 people were killed in these earthquakes [1] [2].
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population of 2,701,571. The population density is 9,940
people per square kilometer [13]. The numbers and names of
12 jurisdiction districts as follows: 1 Beitou, 2 Shihlin, 3
Neihu, 4 Jhongshan, 5 Songshan, 6 Datong, 7 Wanhua, 8
Jhongjheng, 9 Daan, 10 Sinyi, 11 Nangang and 12 Wunshan.
Topographic map of the Taipei city and 12 administrative
districts of Taipei City as well as the Sanchiao active fault
(mapped by the Taiwan Central Geological Survey) [14] is
shown in Figure 2.

Fig. 1. The tectonic setting around Taiwan with earthquakes
used in this study

The epicenters of 2104 shallow earthquakes with Mw
magnitude ranging from 5.0 to 8.2 in 1900-2016 and 11
disastrous earthquakes from 1683-1899 are shown. The
vector of relative motion between the Philippine Sea plate and
the Eurasian plate is shown by the arrow [2].
In this study, we estimate potential seismic hazards in
Taipei City, Taiwan in the form of ShakeMaps. We use data
from 2,113 shallow earthquakes occurred since 1683 with
magnitudes greater than 5 to determine the maximum ground
motion and the probabilities of exceeding each of the three
intensity levels on the two intensity scales over 10, 30, and
50-year periods for the area. Particularly, the site response
factor is incorporated into our ground motion prediction
models more realistic peak ground motion estimates for
assessment of potential seismic hazards [10]-[12].
Furthermore, we also have incorporated fault activity data to
analyze the seismic hazards in the Taipei City. The results of
this study will show areas with high earthquake disaster
potential. They will provide an important database for site
evaluation of critical facilities, for mitigation of regional
earthquake disasters, as well as critical information for
emergency response planning.

Fig. 2. Topographic map of the Taipei city, showing the
Sanchiao active fault (mapped by the Taiwan CGS) [14] and 12
administrative districts in Taipei city.

According to the active fault map of Taiwan by the Central
Geological Survey [14], a Sanchiao active fault distributed in
the northwestern of Taipei area. The Sanchiao active fault
belongs to Type II, namely late Pleistocene active fault. The
Sanchiao fault is a normal fault, showing the strike of
north-north east, divided into two segments: The south section
ranged northward from the Shulin District of New Taipei City
to Beitou District of Taipei City with a length of 13 km. The
northern section ranged northward from Beitou District of
Taipei City to Jinshan District of New Taipei City with a
length of 21 km. [14]. Apparently, Taipei City has high
seismic hazard potential. Compounded with rapid urban
growth and development, population increase, and the slow
rebuilding of old buildings, any major earthquake is likely to
cause severe damages. Effective earthquake disaster
prevention measures in the region will be required in order to
reduce future earthquake loss [15].
In this study the site effects are included in the ground
motion prediction model by a site response factor at each grid
point. We obtained these predictive relationships by using the
Taiwan Strong Motion Instrumentation Program (TSMIP)
network data operated by the CWB of Taiwan to estimate
peak ground motion at all grid points [2] [11] [16].
The TSMIP network has been designed to enhance the
ability to monitor strong earthquakes and to collect
high-quality instrumental recordings of free-field ground

II. STUDY AREA AND DATA USED
Our study area, the Taipei City located in Taipei Basin,
northern Taiwan (Figure 2). The city and the outskirts of a
typical basin, the topography of southeast hilly, northeast
many mountains, northwest more flat, west of the Tamsui
river. Overall, the terrain dipped from the north to the south,
altitude ranged from 20 to 1100 meters. The alluvial layer is
distributed in the Taipei Basin, the river channel and the
littoral area [13].
Taipei City has 12 jurisdiction districts with a total
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shaking [17]-[19]. In the meantime, the earthquake size is damage” and “severe damage”, respectively. For the MMI
represented by the moment magnitude (Mw). We have intensity scale, MMI VI, MMI VII and MMI VIII represent
adopted the moment magnitude from the Global CMT Project the thresholds for “light”, ”moderate” and “heavy” damage,
database whenever available. And for the remaining respectively.
earthquakes that were not reported by Global CMT Project,
At present, ground motions, in terms of either PGA or
mostly smaller than Mw 5.3, we used the empirical equation PGV, are estimated using the respective empirical attenuation
proposed by Chen and Tsai (2008) [20] to convert the ML to relationship, which is a predictive relationship that allows
Mw.
estimation of peak ground motions at a given distance for an
A total of 2102 shallow earthquakes (focal depth≦35 km) assumed earthquake magnitude. To obtain ShakeMap, we use
which occurred from 1900 to 2016 with Mw magnitudes the relationship provided by Liu and Tsai [16] for conversion
ranging from 5.0 to 8.2, and 11 disastrous earthquakes which from peak acceleration and velocity. Because the quantitative
occurred from 1683-1899, as well as one active fault of Type site description of Vs30, the average shear-wave velocity over
II as mentioned above are used to estimate the seismic ground the top 30 m, is not available for all strong-motion sites of
motions and seismic intensity probabilities in the Taipei City CWB, the traditional attenuation analysis cannot include a
for seismic hazard potential. The locations of these site response factor in the ground motion attenuation
earthquakes, including 11 disastrous earthquakes are shown relationship. Alternatively, the site effect was corrected in this
in Figure 1. In the present study, we assumed a focal depth of study by a site response factor at each grid point. We first use
10 km for events without a focal depth determination. The these predictive relationships to estimate peak ground motion
epicenters of these earthquakes are shown in Figure 1 [1] for each grid point, and then correct the amplitude at that
(Tsai, 1985). An Mw 7.0 scenario earthquake on the Sanchiao location based on a site response factor determined by Liu and
active fault with a focal depth of 10 km also used to calculate Tsai [11] [16].
In brief, we devise a two-dimensional surface grid map
[14].
with a block size of 0.01° × 0.01° (or roughly 1 km × 1 km)
across the entire study area. This is followed by a procedure to
III. METHODS
In general, the methodology used to produce seismic construct the Shakemaps, as follows: First, we use the
hazard maps in Taiwan is based on the Probabilistic Seismic empirical attenuation relationships obtained for Taiwan by
Hazard Analysis (PSHA) [6] [8] [15]. The theory of PSHA Liu and Tsai [16] to calculate PGA and PGV for earthquakes
involves computing the annual probability wherein a ground in the database at each grid point. Second, a site response
motion parameter exceeds a specified level at the site of factor is used to correct above PGA and PGV at all grid
interest, termed the hazard curve. Typical probability levels points, as shown in Figures 3 and 4. Finally, we combine
are 10% chance of exceedance in 50 years (i.e., a return above results with the estimated PGA and PGV contour maps
period of 475 years) or 2% chance of exceedance in 50 years of one active fault of the Type II, Sanchiao fault. Through
(a return period of 2475 years), both of which are chosen with these three steps, the maximum ground motion parameters
respect to building code purposes. It represents a concept and their statistics above background levels over a 334-year
often difficult for non-scientific users understand [9]. span are obtained for each block.
The maximum ground motion parameters inside a block
Consequently, using scientific PGA measurement scales and
provide
a means to assess the potential earthquake hazard in a
an abstract of probability-level concept may limit the
region.
The
value of a maximum ground motion parameter in
understanding and use of seismic hazard information by the
general public. Departing from the conventional practice of a block will be dominated by the few largest earthquakes
seismic hazard assessment in Taiwan, as well as in countries located near the block. We defined the cumulative number
worldwide, this study used a catalog of 2102 shallow beyond a given ground motion level as a cumulative number
earthquakes with homogenized Mw magnitudes ranging from of ground motion that an earthquake beyond a given intensity
5.0 to 8.2 in 1900-2016and 11 disastrous earthquakes in will occur in a block. The cumulative number was divided by
1683-1899 to estimate the potential seismic hazards in 107 or 334, the number of the years of the reporting period,
equal to the gridded mean annual frequencies of exceedance,
Taiwan following the ShakeMap approach [10] [21].
A ShakeMap gives a real representation of ground shaking that is, the number of earthquakes per year. The annual rates
intensity produced by an earthquake. The USGS has of exceedances were taken as the maximum values calculated
developed a means for generating not only peak ground from the time range of 107 years and 334 years. The technique
acceleration and velocity maps, but also a Modified Mercalli applied in this study is similar to that used in Chiu and Kim
Intensity (MMI) map [21]. This map makes it easier to relate [22].
The probabilities of exceeding certain levels of ground
the recorded ground motions to the shaking intensity and
shaking
over 10, 30, and 50-year periods at each grid were
attendant damage. Three levels of ground shaking from the
calculated
based on the gridded mean annual frequencies of
CWBI and MMI intensity scales are considered to be of
exceedance.
The annual rates of exceedances were converted
interest: CWBI V represents a threshold for “minor damage”,
to
probabilities
of being exceeded using the Poisson
and CWBI VI and CWBI VII the thresholds for “moderate
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exponential probability model [9]. The mean annual
IV. RESULTS AND DISCUSSION
frequencies of exceedance can be combined with the Poisson
A. Maximum ground motion parameters
model to estimate probabilities of exceedance for selected
The value of the maximum ground motion parameters was
time intervals. For example, the equation used to calculate the
calculated at each grid point in three steps to contour the
probability for PGA >250 gal (CWBI VI: structurally
ShakeMap. Figure 5 shows the maximum PGA ShakeMap,
damaging) ground shaking is expressed as follows:
combining the 2,102 shallow earthquakes and the eleven
P [PGA > 250 gal in t years] = 1 – e – λ t
(1)
disastrous earthquakes as well as an Mw 7.0 scenario
Where λ is the mean annual frequency of exceedance of a
earthquake on the Sanchiao active fault over a period of 334
PGA of 250 gal at a location of interest, and t is the time
years (1683-2016). Locations of the 12 administrative
period of interest (10, 30, and 50 years).
districts and one active fault are also shown. The results
reveal that high PGA areas greater than 637 gal,
corresponding to MMI intensity greater than IX, are located
in the following regions: (1) in the border area of Shihlin and
Neihu. (2) Northeastern Shihlin and northeastern Beitou.
Likewise, we obtain the maximum PGV ShakeMap over a
period of 334 years (1683-2016), as shown in Figure 6. It can
be seen that the areal patterns of high PGV greater than 60
cm/s, corresponding to MMI intensity greater than IX, are not
all the same as that of the PGA, located in the following
regions: (1) in the border area of Shihlin and Neihu. (2)
Western Jhongjheng and northwestern Shihlin.

Fig. 3. Distribution of the site response factor for PGA in Taipei
city.

The site response factor is defined as the residual value r,
that is the difference between logarithms of the observed and
the predicted PGA, The amplification factors of site effect can
be calculated from exp(r).

Fig. 5. The maximum PGA ShakeMap, over a period of 334
years (1683-2016), obtained from 2102 shallow earthquakes
with homogenized Mw magnitudes ranging from 5.0 to 8.2 in
1900-2016 and 11 disastrous earthquakes from 1683-1899 as
well as an Mw 7.0 scenario earthquake on the sanchiao active
fault

The above-mentioned area with high PGA and PGV is due
to the combined effects of the Sanchiao fault and large site
response factors. For example, the site amplification factors
of 2.01 and 1.82 for PGA and PGV, respectively, in in the
border area of Shihlin and Neihu as can be found in Figures 3
and 4. Likewise, the above-mentioned northeastern Beitou
area with high PGA can be attributed to the combined effects
of the Sanchiao fault and a disastrous earthquake with a
magnitude of Mw 6.83 as well as large site response factors. It
is noted that Event 9 of the eleven disastrous earthquakes
from 1683-1899 occurred in the vicinity of Jinshan District.

Fig. 4. Distribution of the site response factor for PGV in Taipei
city.

The site response factor is defined as the residual value r,
that is the difference between logarithms of the observed and
the predicted PGV, The amplification factors of site effect can
be calculated from exp(r).
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In addition, response amplification of 2.46 for PGA in
B. Seismic Intensity Probability
northern Beitou can be found in Figures 3.
Seismic intensity has been used worldwide as a measure for
quantifying the level of shaking and extent of damage from
earthquakes [21]. In this study, we use two types of intensity
scale to calculate the probabilities of seismic intensity
exceeding certain levels over 10, 30, and 50-year periods in
Taipei City. Three levels of ground shaking on the CWB and
MMI intensity scales are considered to be of interest.
The probabilities of exceeding CWBI V, VI and VII (PGA
greater than 80, 250 and 400 gals) of ground shaking over 10,
30, and 50-year periods are shown in Figures 8a to 8c, Figures
9a to 9c, and Figures 10a to 10c, respectively. The results
show that the high potential earthquake hazard is present in
the following regions: (1) in the border area of Shihlin and
Neihu. (2) Northeastern Shihlin and northeastern Beitou. The
probabilities of seismic intensity exceeding CWBI VII in 10,
30, and 50-year periods in the above areas are greater than
5%, 10％ and 15%, respectively. It should be noted that the
coverage areas of seismic intensity probability greater than a
Fig. 6. The maximum PGV ShakeMap, over a period of 334
certain level will increase as the time period of interest
years (1683-2016), obtained from 2102 shallow earthquakes
increases. Furthermore, the high seismic intensity probability
with homogenized Mw magnitudes ranging from 5.0 to 8.2 in
of greater than 30% over a 10-year period corresponding to a
1900-2016 and 11 disastrous earthquakes from 1683-1899 as
CWBI greater than V can be seen in western Jhongjheng,
well as an Mw 7.0 scenario earthquake on the sanchiao active
southern Jhongshan and eastern Wanhua.
fault.
Likewise, we obtain the seismic intensity probabilities over
10, 30, and 50-year periods corresponding to MMI greater
than VI, VII and VIII, as shown in Figures 11a to 11c, Figures
12a to 12c, and Figures 13a to 13c, respectively. A high
seismic intensity probability of greater than 50% over a
10-year period, corresponding to an MMI greater than VI, can
also be found in the following regions: (1) in the border area
of Shihlin and Neihu. (2) Central and western Jhongjheng. (3)
Southern Jhongshan. (4) Eastern Wanhua. (5) Western Daan.
(6) Northwestern Shihlin. (7) Northern Datong. In addition,
the high potential earthquake hazard is also present in
northeastern Beitou. The probabilities of seismic intensity
exceeding MMI VIII in 10, 30, and 50-year periods in the
above areas are greater than 5%, 20% and 30%, respectively.
Although MMI VI usually signifies a lower level of shaking,
corresponding to the onset of minor damage. Severe damage
or collapse of buildings may not be caused by this level of
shaking. However, nonstructural facilities, such as
Fig. 7. The maximum MMI ShakeMap, over a period of 334
semiconductor manufacturing equipment, may not withstand
years (1683-2016) and an Mw 7.0 scenario earthquake on the
such shaking. Hence, the results of our study can provide a
sanchiao active fault, based on a combined regression of
valuable database for site evaluation of critical facilities in
estimated peak ground acceleration and velocity amplitudes.
relatively high potential earthquake hazard regions. They also
will be useful for land planning. Furthermore, the results on
Seismic intensity especially that of the MMI is widely used
probabilities of seismic intensity exceeding certain levels will
to represent the level of ground shaking following a damaging
enable both local and central governments in Taiwan to take
earthquake [21]. Hence, we obtain an MMI intensity map,
notice of potential earthquake threat in these areas, as well as
based on a combination of estimated maximum PGA and
to improve decision making with respect to emergency
PGV, as shown in Figure 7. It can be seen that the patterns of
preparedness, response, and recovery activities for
high MMI greater than IX, are not all the same as that of the
earthquakes.
PGA and PGV. In summary, the ShapeMaps shown in Figures
5-7 can provide critical information to assess potential
earthquake hazards in Taipei City.
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(a)
(a)

(b)

(b)

(c)
Fig. 8. The distributions of seismic intensity probabilities over
10, 30, and 50-year periods corresponding to the CWBI greater
than V(PGA greater than 80 gal) are shown in Figures 8a to 8c,
respectively

(c)
Fig. 9. The distributions of seismic intensity probabilities over
10, 30, and 50-year periods corresponding to the CWBI greater
than VI (PGA greater than 250 gal) are shown in Figures 9a to
9c, respectively
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(a)
(a)

(b)
(b)

(c)
Fig. 10. The distributions of seismic intensity probabilities over
10, 30, and 50-year periods corresponding to the CWBI greater
than VII (PGA greater than 400 gal) are shown in Figures 10a to
10c, respectively

(c)
Fig. 11. The distributions of seismic intensity probabilities over
10, 30, and 50-year periods corresponding to the MMI greater
than VI (light damage) are shown in Figures 11a to 11c,
respectively
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(a)

(a)

(b)

(b)

(c)
Fig. 13. The distributions of seismic intensity probabilities over
10, 30, and 50-year periods corresponding to the MMI greater
than VIII (severe damage) are shown in Figures 13a to13c,
respectively

(c)
Fig. 12. The distributions of seismic intensity probabilities over
10, 30, and 50-year periods corresponding to the MMI greater
than VII (moderate damage) are shown in Figures 12a to 12c,
respectively
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V. CONCLUSION
According to above results and discussion, our findings are (MOST) of the R. O. C. under Grant Number
MOST106-2116-M-244- 001.
summarized as follows:
1. Based upon maximum ground motion analyses, the
ShakeMap patterns show the border area of Shihlin and
Neihu, with high MMI intensity greater than IX (PGA >637
gal or PGV > 60m/s). In addition, the areas of northeastern
Shihlin and northeastern Beitou also have high PGA >637 gal
as well as the areas of western Jhongjheng and northwestern
Shihlin also has high PGV > 60m/s.
2. The above-mentioned area with high PGA and PGV is
due to the combined effects of the Sanchiao fault and large
site amplification factors of 2.01 and 1.82 for PGA and PGV,
respectively, in in the border area of Shihlin and Neihu.
Likewise, the above-mentioned northeastern Beitou area with
high PGA can be attributed to the combined effects of the
Sanchiao fault and a disastrous earthquake with a magnitude
of Mw 6.83 as well as large site amplification factor of 2.46
for the PGA.
3. From the distribution of probabilities over 10, 30, and
50-year periods of seismic intensity corresponding to the
CWBI V, VI and VII, it is clear that a high probability of
greater than 30% over a 10 year period for seismic intensity
corresponding to the CWBI V appears in western Jhongjheng,
southern Jhongshan and eastern Wanhua. In addition, the
probabilities of seismic intensity exceeding CWBI VII in 10,
30, and 50-year periods in the border area of Shihlin and
Neihu, northeastern Shihlin as well as northeastern Beitou are
greater than 5%, 10％ and 15%, respectively. Furthermore,
from the seismic intensity probabilities over 10, 30, and
50-year periods corresponding to MMI greater than VI, VII
and VIII, a high seismic intensity probability of greater than
50% over a 10-year period, corresponding to an MMI greater
than VI, can be found in the following regions: (1) in the
border area of Shihlin and Neihu. (2) Central and western
Jhongjheng. (3) Southern Jhongshan. (4) Eastern Wanhua. (5)
Western Daan. (6) Northwestern Shihlin. (7) Northern
Datong. The probabilities of seismic intensity exceeding
MMI VIII in 10, 30, and 50-year periods in the above areas
are greater than 5%, 20% and 30%, respectively.
4. Our studies provide an important database for site
evaluation of critical facilities and land planning in regions
with relatively high potential earthquake hazards.
Furthermore, our results on probabilities with seismic
intensity exceeding certain levels will remind both local and
central governments in Taiwan about serious earthquake
threat in the areas and to improve their decision making with
regard to emergency preparedness, post-earthquake response
and recovery. We urge both Taipei City and central
governments to pay special attention in this highly urbanized
area with a large number of old buildings.
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