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Two earthquakes having almost the same magnitude occurred in the Hualien area of Taiwan in 2018 and 2019.
The 2018 earthquake had a magnitude Mj, 6.2 produced severe destruction; however, the 2019 earthquake (M,
= 6.3) did not cause any severe damage. The P-Alert Strong Motion Network provides real-time shakemaps, in
addition, to earthquake early warning (EEW) in terms of lead-time. Each instrument provides a different lead-
time using peak ground acceleration (PGA) and peak ground velocity (PGV). During both the events, the in-
struments reported a lead-time of 1.5 to 8.0 s in the epicentral region. This network system also generated high-
quality shakemaps during both earthquakes. The shakemaps showed that the higher PGAs are concentrated in
the epicentral region for the 2018 and 2019 earthquakes. The lower PGA contour (>25 Gal) extended to a
broader area, including Taipei, during the 2019 earthquake compared to the 2018 earthquake. However, PGV
shakemaps display a different pattern. The higher PGV values (more than 17 cm/s) are observed in the epicentral
region during the 2018 earthquake (locations suffering building collapse) compared to the 2019 earthquake,
suggesting that PGV correlates better with damage distribution as compared to the PGA. The PGV shakemap,
currently only available for the P-Alert network, provides crucial information that complements the PGA issued

by the official agency in Taiwan.

1. Introduction

Being located on the junction of two tectonic plates, Taiwan Island is
one of the seismically active areas in the world. The Philippine Sea plate
(PSP) moves toward the Eurasian plate (EP) at a velocity of approxi-
mately 7 cm/year (Yu et al., 1997). Due to the collision of these two
plates, the accumulated stresses are released, causing earthquakes in
and around Taiwan Island. In addition to this collision, several other
local faults in western and southern Taiwan are also responsible for the
frequent earthquake activity in Taiwan. Taiwan Island has a long history
of earthquakes. The largest recorded earthquake in the last two decades
is the Chi-Chi earthquake of September 21, 1999, which claimed more
than 2400 lives (Wu et al., 2004). The Nantou earthquakes of 2013
caused few damages in the Nantou area, Taiwan, claiming fewer lives
(Hsieh et al., 2014). The recent earthquakes of 2016 caused widespread
damage in southern Taiwan (Wu et al., 2016). The 2016 earthquake

with a magnitude M 6.4 occurred at a depth of 16.7 km and claimed
117 lives. All these earthquakes were caused by the active seismic faults
in western and southern Taiwan.

Hualien area, on the contrary, is situated in eastern Taiwan, where
earthquake activity is due to the oblique subduction of the PSP under the
EP (Koulakov et al., 2014; Shyu et al., 2011). The collision of these two
plates gives rise to numerous earthquakes in the Hualien area (Shyu
et al., 2016), some of which have a magnitude greater than 4. The major
reverse fault, namely, the Milun fault located on the western boundary
of the Milun tableland, is mapped in this region (Fig. 1). This Milun fault
had been quiet for the last two decades since the massive earthquake
struck Hualien in 1951 (Shyu et al., 2005). In recent times, two mod-
erate magnitude earthquakes, namely February 6, 2018 (M, 6.2) and
April 18, 2019 (M, 6.3), occurred again in this region. The earthquake of
2018 caused significant damage in the epicentral region compared to the
earthquake of 2019, although the magnitude of the 2019 earthquake
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Fig. 1. Tectonics of Taiwan and various faults in the proximity of the Hualien
region. The stars depict the locations of the 2018 and 2019 earthquakes. The
focal mechanism of both earthquakes by Broadband Array in Taiwan (BATS)
and the United States Geological Survey (USGS) is shown.

was higher than in 2018.

Taiwan is one of the regions where earthquake early warning (EEW)
is in an advanced stage (Chen et al., 2017, 2015; Wu et al., 1999, 1998;
Wu and Teng, 2002). Central Weather Bureau (CWB) is the official
agency in Taiwan to issue regional EEW warnings based on real-time
data from approximately 120 strong-motion instruments. These
strong-motion stations are distributed throughout Taiwan, in an area of
100 x 300 km?. Each station has three-component force-balanced ac-
celerometers. The real-time data from field instruments are transferred
and processed at the central station in Taipei using Earthworm software
(Chen et al., 2015), where the warning is decided based on threshold
values. As this process takes 10-12 s, the warning is possible only for
areas beyond 50 km from the epicenter, and this 50 km area is termed a
blind zone. In these areas, the on-site warning using data from a single
instrument may be helpful. Two on-site EEW networks by the National
Center for Research in Earthquake Engineering (NCREE) and National
Taiwan University (NTU) are operational in Taiwan (Hsu et al., 2018;
Wu, 2015; Wu et al., 2013). Since the NCREE networKk is in the devel-
oping stage, we utilize the EEW of the NTU network only in this study. It
consists of around 761 low-cost Micro-Electro-Mechanical System
(MEMS) based P-Alert instruments. Each P-Alert device is equipped with
a three-component accelerometer having 16 bits resolution and + 2 g
full dynamic range. The sampling rate is 100 samples per second. As per
the software algorithm embedded in P-alert, the signal at each field
station itself is processed to detect P-wave arrivals and is continuously
double-integrated into the displacement signal for calculating the ver-
tical peak amplitude of displacement from the P-wave, Py. This instru-
mentation is capable of providing on-site and regional warnings in
addition to shakemaps generation. The P-Alert network provides 2 to 8 s
on-site warnings at different locations in Taiwan (Wu et al., 2016, 2019).
For the regional EEW purpose, the data from the field stations is
streamed continuously to the central station at Taipei, where the data is
processed to estimate the threshold parameters using the Earthworm
software. Because of a large number of instruments, this network pro-
vides dense peak ground acceleration (PGA) and peak ground velocity
(PGV) shakemaps within two minutes of the occurrence of an
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earthquake. Before 2019, this instrumentation was used to provide only
near real-time PGA shakemaps. With advancements in algorithms, now
this instrumentation provides both PGA and PGV shakemaps in real-
time. The shakemaps start plotting as soon as an earthquake initiates.
This dense network of instruments is possible because of the cost of P-
Alert, which is around one-tenth of the usual accelerographs.

P-Alert instruments are in demand in developing countries located at
plate boundaries and are at high seismic risk. Many countries, including
India (Kumar et al., 2014, 2020), China, Indonesia, Korea, Vietnam,
Mexico, New Zeeland, the Philippines, Nepal, Bhutan, and the Solomon
Islands, installed P-Alert networks for EEW and risk mitigation. Mittal
et al. (2019b) used the recorded P-Alert data from Taiwan to test the
functionality of EEW from earthquakes occurring in the Himalayan re-
gion, India, a region prone to high seismic activity (Mittal et al., 2016,
2015).

P-Alert network of Taiwan performed very well during the 2018 and
2019 earthquakes. An on-site warning of 1.5 to 8 s was issued during the
2018 earthquake and shakemaps were available within 2 min of the
occurrence of the earthquake. Wu et al. (2019) discussed the working of
this network during the 2018 earthquake. Another earthquake of 2019
was also well detected by this network, and high-quality data was pro-
duced in addition to shakemaps generation. We are motivated by the
fact that the earthquake of 2018 (M, 6.2) caused massive damage in
Hualien near the Milun fault as compared to the earthquake of 2019 (M,
6.3), although the magnitude of the two earthquakes was comparable.
The initial rupture during the 2018 earthquake started from a north-
—south striking fault, propagated to the south with a high rupture speed,
and then jumped to the Milun fault. The 2019 event also could be linked
with the same fault system that ruptured northward (Lee et al., 2020). In
this paper, we examine the data recorded by the P-Alert network during
the 2018 and 2019 earthquakes in the Hualien area to study the dif-
ference and similarities between PGA and PGV shakemaps produced by
the network.

2. The 2018 Hualien earthquake

February 6, 2018, the Hualien earthquake (Ma and Wu, 2019) with
M 6.2 is caused by the Milun fault. The idea speculating the Milun fault
responsible for the 2018 earthquake is the tectonic position of the Milun
fault, which is mapped as a reverse fault with the strike-slip component
(Shyu et al., 2016). The CWB rapid-reporting system (Wu et al., 1997,
2002) located the earthquake 18 km northeast of the Hualien with a
focal depth of 10 km and M, 6.2. The United States Geological Survey
(USGS) and the Broadband Array in Taiwan (BATS) estimated moment
tensor solutions, and both of these agencies confirmed the oblique-slip
faulting focal mechanism, consistent with the Milun fault (Fig. 1). The
2018 earthquake caused widespread destruction (Yen et al., 2019) in the
epicentral region and neighboring areas. Around 17 fatalities were re-
ported during the earthquake. Most of the casualties were associated
with a multi-storied hotel building, which tilted due to the collapse of
the lower floors. Five other buildings were severely damaged, including
a 6-story apartment building, a 9-story apartment building, and an 11-
story hotel. Several other buildings suffered structural and non-
structural damages (Lin et al., 2020). The Milun fault was thought to
be responsible for this earthquake because most of the damage occurred
in structures nearby the fault. The PGA during this earthquake reached
600 Gal, which is equivalent to a seismic intensity of VII (the maximum
intensity scale in Taiwan).

3. The 2019 Hualien earthquake

On April 18, 2019, an earthquake with M; 6.3 occurred close to
Hualien. According to the CWB rapid-reporting system, the earthquake
was located 10 km northwest of the Hualien area with a focal depth of
18.8 km and M;, 6.3. The earthquake was severe to cause panic in resi-
dents as the PGA reached 500 Gal, with seismic intensity VII. Because
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this earthquake occurred during the daytime, many schools were evac-
uated, keeping in mind the safety of children. Though the considerable
PGA (500 Gal) was recorded during this earthquake, only slight struc-
tural damage was caused to a few vulnerable buildings. In addition to
minor structural damage in the epicentral region, one of the multi-
storied buildings in Taipei (around 120 km away) leaned against its
neighbor after its foundation shifted. However, no casualties were re-
ported during this earthquake. The earthquake was located by the USGS,
as well as, BATS and both of them confirm the reverse focal mechanism
with the less strike-slip component as compared to the 2018 earthquake.
The primary nodal plane runs from the northeast to the southwest, while
the other plane runs from the northwest to the southeast (Fig. 1). This
earthquake is also supposed to be caused by the Milun fault because of
its focal mechanism and closeness to the fault. This earthquake occurred
precisely 14 months after the 2018 earthquake, which caused massive
destruction in the epicentral region. Although the PGA experienced
during the 2019 earthquake was almost equal to the 2018 earthquake,
the structural damage caused by the 2019 earthquake was significantly
less or negligible than the 2018 earthquake.

4. P-Alert network and on-site EEW warning

In collaboration with one private company, the NTU research team
introduced a low-cost MEMS-based seismic instrumentation network in
Taiwan. Being low in cost, these instruments became prevalent in
instrumenting Taiwan densely, which was not possible with traditional
accelerographs. This instrumentation in Taiwan performs very well for
EEW (on-site and regional) and shakemaps plotting. Encouraged by the
performance of the P-Alert instruments, many countries, including
India, China, Indonesia, and others, are building EEW in their countries
using P-Alerts from Taiwan. The earlier version of P-Alert was not
promising in dynamic range and storage; however, the second genera-
tion of P-Alert instruments has overcome this problem. In Taiwan, P-
Alert instruments were installed for the first time in the Hualien area
(Wu and Lin, 2014), which faces many earthquakes every year, being
situated close to the subduction of the EP and the PSP. At present, 761 P-
Alert instruments are installed densely (every 5 km) in different parts of
Taiwan Island (Fig. 2). Most of the instruments are installed in school
buildings where adequate power supply and internet connection are
available, which are the two basic requirements guaranteeing the proper
functioning of these instruments. The successful working of the P-Alert
network during various earthquakes is documented previously (Wu
etal., 2013, 2016, 2019; Wu, 2015). As instruments are installed in two
or three-story buildings and on vertical walls, the site effects and sensor-
building interaction may affect the recorded PGA. To quantify the dif-
ference in PGA values recorded by P-Alert instruments, Wang et al.
(2018) collected data from Taiwan Strong Motion Instrumentation
Program (TSMIP) operated by CWB, where P-Alert instruments were in
the vicinity. They calculated the difference in P-Alert and TSMIP values
by dividing the PGA values recorded by both instrumentations (defined
as R-value) and proposed that the R-value was one for the P-Alert in-
struments located on the ground floor. However, the instruments’ R-
value at the first and second floor was 1.07 and 1.52 times, respectively.
This instrumentation performed very well during both the 2018 and
2019 earthquakes and provided high-quality data.

Each instrument in the field acts as an on-site EEW device. The data
received in the field by each instrument is double-integrated continu-
ously to calculate the peak vertical displacement value (P;). The P,
calculation is a two-stage process, where a high pass 0.075 Hz filter is
applied to remove the noise content. An on-site warning is issued once
the predefined thresholds are exceeded (P4 > 0.35 cm or PGA > 80 Gal).
A PGA value of 80 Gal in Taiwan equals a PGV value of 17 cm/s and
seismic intensity of V, which is capable of causing minor damage,
especially in the epicentral region (Wu et al., 2003). Unfortunately, the
2018 earthquake occurred during nighttime, so optimal utilization could
not be achieved because most of these instruments are installed in
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Fig. 2. Station distribution of P-Alert network in different parts of Taiwan. The
whole region is densely instrumented except a few patches in the northeast
direction of Taiwan, where proper logistics is not available.

schools. On the contrary, the 2019 earthquake occurred during the
daytime, and most schools were vacated after the warning was issued
successfully. Fig. 3 shows the lead-time (warning time) using PGA and
PGV during the 2018 and 2019 earthquakes. The STA/LTA algorithm is
used to pick the P-wave arrival on the event record. After the arrival
time of the P-wave is confirmed, the P4 value is estimated using the
initial few seconds of the record. Once P, exceeds 0.35 cm, the warning
is issued, and the warning time is marked as t;. The embedded algorithm
keeps on looking for the real PGA and PGV and marks their arrival as t;.
The lead-time is the difference between time t, and t;. This lead-time is
termed as real-time lead-time if the result is positive; otherwise, it is
dropped. Each instrument provides a different lead-time using PGA and
PGV. Generally, the lead-time using PGV is slightly longer than the PGA
for the instruments close to the epicenter. The unilateral rupture and
directivity effect may be the possible reason for this lead-time difference
using different parameters. For this case, PGV may appear later than
PGA. However, a mixed phenomenon is observed for the instruments
placed away from the epicenter. During the 2018 earthquake, the lead-
time for the instrument close to the epicenter (W011) was 1.1 sand 1.7 s,
using PGA and PGV, respectively (Fig. 3a). Similarly, the lead-time for
the closest instrument (WOOE) during 2019 was 5.3 s and 7.6 s using
PGA and PGV, respectively (Fig. 3b). It can be concluded that higher
lead-time, at least a few seconds, maybe achieved using PGV for the
instruments placed close to the epicenter in the blind zone, where the
regional warning is not possible.

Besides, data from each instrument in the field is regularly trans-
ferred to the central server stations at NTU and Institute of Earth Sci-
ences, Academia Sinica, where data is routinely processed for the
regional warning and the generation of shakemaps. The regional
warning generated during each earthquake is used for research pur-
poses, as CWB is the official agency for issuing a warning in Taiwan.
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Fig. 3. The on-site PGA and PGV lead-time in the blind zone during the 2018 and 2019 earthquakes. (a) PGA and PGV lead-time during the 2018 earthquake. (b)

PGA and PGV lead-time during the 2019 earthquake.

5. Shakemaps

A shakemap effectively assesses the damage pattern during an
earthquake and provides situational awareness to disaster relief
agencies to initiate a rapid response. In Taiwan, P-Alert starts generating
shakemaps once 10-12 instruments confirm PGA to be 1.2 Gal. These
shakemaps are delivered to concerned persons, including the National
Science and Technology Center for Disaster Reduction, the nodal agency
for relief work in Taiwan. These shakemaps are posted regularly on
Facebook and are updated every 30 s.

During the 2018 earthquake, the shakemap triggered by 76 stations
was posted on Facebook (https://www.facebook.com/Palert.
Shakemap/) at 23:50:58 (about 17 s after earthquake occurrence)
(Fig. 4a). The shakemap triggered by almost all 538 stations was
available within 1.5 min (Fig. 4b). A total of 636 P-Alert instruments
were installed when the 2018 earthquake occurred. The shakemap on
Facebook was posted only with 538 instruments as some of the in-
struments recorded PGA less than 2.5 Gal and were not included in real-
time plotting of PGA shakemaps. By the time the 2019 earthquake
happened, there were 697 P-Alert instruments available on the whole
island of Taiwan. The 2019 earthquake occurred at 13:01:9.9, and the
PGA shakemap with the triggering of 93 stations was posted on

Facebook at 13:01:22, approximately 15 s after the earthquake’s origin
(Fig. 4c). The complete shakemap with 627 instruments was available
within 2 min of the occurrence of the earthquake (Fig. 4d). The PGA
contours during the first shakemap are very strange, as only a few sta-
tions close to the epicenter have attained PGA values, especially towards
the northwest and south directions. The final shakemap shows a
different pattern, where smooth PGA contours can be observed in all
directions, based on the data received by all 627 instruments. Some of
the parts toward the south are not contoured because the instruments
installed there recorded PGA less than 2.5 Gal.

In contrast to Fig. 4, showing the real-time PGA shakemaps, Figs. 5
and 6 illustrate the PGA and PGV shakemaps for 2018 and 2019
earthquakes using all the instruments (with those recorded PGA smaller
than 2.5 Gal that excluded in the previous real-time shakemaps). The
distance inverse interpolation scheme is used for interpolation, which
has been well tested in earlier studies (Legendre et al., 2017; Mittal et al.,
2018, 2019a; Wu et al., 2019; Yang et al., 2021, 2018). Different re-
searchers (Worden et al., 2010, 2018) use different interpolation
schemes, but interpolation established for P-Alert data is suitable for the
present study (Yang et al., 2018). Though the shape of PGA contours for
2018 and 2019 earthquakes is the same in Figs. 4-6, the latter ones give
smooth contours with proper demarcation and are easy to read the areas
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Fig. 4. The real-time peak ground acceleration maps for the 2018 and 2019 Hualien earthquakes. (a) The shakemap was triggered by 76 instruments during the 2018
earthquake. (b) The shakemap was posted 1.5 m later with the triggering of 538 instruments during the 2018 earthquake. (c) The shakemap posted 15 s after the
occurrence of the 2019 Hualien earthquake with triggering 93 instruments. (d) The shakemap was posted on Facebook with the triggering of 627 instruments.

of different PGA values.
6. Discussions

The higher PGA values (> 400 Gal) were observed at a few stations in
the epicentral region during the 2018 earthquake. The 400 Gal PGA
contour is based on the data from nearly 4-5 instruments (Fig. 3a). The
250 Gal contour was extended in the epicentral region and the nearby

Yilan area, based on data from nearly 12 instruments. More instruments
could be recording these earthquakes if proper logistics (power supply
and internet connection) were available (as Hualien is a mountainous
area). A PGA value of 80 Gal in Taiwan equals PGV of 17 cm/s and
seismic intensity of V, which is capable of causing minor damage,
especially in the epicentral region (Wu et al., 2003). One can expect
higher PGV contours (>49 cm/s) corresponding to higher PGA contours
(>250 Gal). However, looking at the PGV contour map for this
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Fig. 5. Plotted PGA and PGV shakemap for the 2018 Hualien earthquake by including all the instruments that recorded PGA less than 2.5 Gal. (a) PGA shakemap, (b)
PGV shakemap and, (c) PGA shakemap using the CWB network, (d) CWB intensity map, based on felt intensity and intensity drawn from PGA.

earthquake (Fig. 5b), a small contour of PGV > 49 cm/s is observed, at
the southwest of the epicenter closest to the Hualien where the Milun
fault was ruptured, and the maximum destruction was caused (Yen et al.
2019). Considering the relation between PGA and PGV in Taiwan, this
contour of PGV > 49 cm/s (PGA > 250 Gal) is expected in a broader
region. The next observed contour is of PGV > 17 cm/s. This contour of
17 cm/s encompasses the proximity of the Milun fault, where five
buildings collapsed, causing 17 fatalities. Although higher PGA values
were obtained in an extensive region, the destruction concentrated in a

region with higher PGV values. So looking at the destruction caused by
the earthquake and the shakemaps (PGA and PGV), the damage during
this earthquake is closely related to PGV values.

During the 2019 earthquake, higher PGA values (>400 Gal) were
recorded only at two stations. The 250 Gal contour encircles a small area
and is smoothened using data from four instruments (Fig. 6a). The 80
Gal contour extends to the nearby regions of the epicenter. One of the
basic differences between the 2018 and 2019 earthquakes is that the 25
Gal PGA contour of the 2019 event covered a larger area, including the
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Fig. 6. Plotted PGA and PGV shakemap for the 2019 Hualien earthquake by including all the instruments that recorded PGA less than 2.5 Gal. (a) PGA, (b) PGV
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Taipei area, which was not observed during the 2018 earthquake. The
simple reason for this observation may be the depth of the 2019 earth-
quake (18.8 km compared to the 10.0 km depth of the 2018 earthquake),
which may have stimulated the nearby fault running in a northwest-
southeast direction. Lee et al. (2020) proposed that the rapid north-
ward rupture of the April 2019 earthquake caused a strong directivity
effect coupled with the specific source radiation pattern, resulting in a
large area of strong ground shaking in northern Taiwan. Also, the site
effects played a major role in amplifying the ground shaking in the Yilan
and Taipei areas. A higher PGV value (17 cm/s, corresponding to PGA of

80 Gal as per Wu et al., 2003) is found only at one station. Nevertheless,
the PGV contour of 5.7 cm/s extends to a wider area in the epicentral
region and Taipei (Fig. 6b). In Taipei, PGA values between 25 and 80 Gal
were observed during this earthquake, which corresponds to 5.7-17.0
cm/s PGV contour. For such small PGA values in Taipei, no destruction
is expected. However, a building in Taipei leaned against its neighbor
after this earthquake, suggesting that the PGV scale correlates the
destruction scenario better than the PGA does.

The CWB network uses sparse instrumentation (almost 120 real-time
stations) to produce near real-time shakemaps and consumes more time
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in issuing the first report concerning shakemaps as compared to the P-
Alert network. The CWB initially assigned M;, 6.0, and M, 6.1 to 2018,
and 2019 earthquakes, respectively. These magnitudes were subse-
quently revised to My 6.2 and M| 6.3, respectively. Since the online
instruments used by CWB are less than densely installed P-Alert
network, the PGA shakemaps produced by the CWB network are rela-
tively rough and sporadic, as shown in Figs. 5¢c and 6¢. Only two or three
instruments recorded the high PGA (0.4 g) values, and smooth contours
are not attained because of the larger inter-station distance. Similarly,
the 250 Gal contour in CWB shakemap is based on PGA values recorded
by 3-4 instruments and may not reflect the correct PGA contour as more
interpolation is required. On the contrary, the P-Alert network uses
around twelve instruments to plot 250 Gal contour and is, therefore,
smoother (Fig. 3a). Wu et al. (2019) summarized the difference between
P-Alert and CWB PGA shakemaps for the 2018 earthquake. Fig. 6¢ shows
the plotted PGA shakemaps for the 2019 earthquake using PGA values
from 116 instruments for the CWB network. The highest PGA contour
(>400 Gal) towards the southwest of the epicenter is based on the data
from a single instrument. It may not be authentic as no other instrument
is found in the neighborhood to check how PGA values decrease. The
250 Gal contour using a high degree of interpolation extends to a wider
area based on data from three instruments. The P-Alert network also
plotted this 250 Gal contour based on data from four instruments, but
the other instruments recording PGA less than 250 Gal were in the
proximity to verify the trend of contour. The 25 Gal contour using the
CWB network is observed irregularly in different parts, including Taipei.
This 25 Gal contour using the P-Alert network is based on the data

NS-Component
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recorded by around 150 instruments. Also, the CWB network lacks in
producing PGV shakemaps, which are essential for demarcating the
areas of significant damage, as described above. Figs. 5d and 6d repre-
sent the CWB intensity maps for two earthquakes, based on felt intensity
and intensity drawn from PGA.

Data generated using the dense network efficiently finds the rupture
direction, a significant parameter in assessing the damage pattern. The
station in the forward direction of the rupture will record higher PGV
values as compared to the stations placed in the opposite direction. The
rupture direction is well observed during both the 2018 and 2019
earthquakes, where higher PGV values are obtained in southwest and
northeast directions, respectively (Fig. 7). Assessing rupture directivity
using P-Alert has been well documented in many studies previously
(Hsieh et al., 2014; Jan et al., 2018; Wu et al., 2016, 2019).

7. Conclusions

The performance of the P-Alert network in the Hualien area of
Taiwan is evaluated in terms of EEW warning (on-site as well as
regional), and plotting PGA and PGV shakemaps, using the data of two
moderate earthquakes that occurred in 2018 and 2019.

During both the earthquakes, higher lead times using PGV were re-
ported at nearby instruments than the farther instruments. For all other
instruments, the lead-time using PGA and PGV shows a mixed pattern.
During both earthquakes, slightly higher lead times were observed at
instruments close to the epicenter; the EEW using PGV might be a better
option for the instruments situated in the blind zone.
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Fig. 7. Quality of data recorded by the P-Alert instruments during the 2018 earthquake (a) and the 2019 earthquake (b).
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The higher PGV values of the order of 49 cm/s (corresponding to a
PGA value of 250 Gal) were observed at one station during the 2018
earthquake. The other observed PGV contour is about 17 cm/s during
the 2018 earthquake in the epicentral region, where maximum
destruction was caused. This higher PGV value (17 cm/s) during 2019
was observed only at one station, towards the northeast of the epicenter.
Another PGV (5.7 cm/s, corresponding to 25 Gal, capable of causing
light damage in weak houses) contour surrounded a wider area during
the 2019 earthquake (including Taipei) as compared to the 2018
earthquake (where PGV contour was in the surrounding areas of the
epicenter). For such a higher PGA value perceived during both earth-
quakes, one would expect severe damage in the epicentral region. The
2018 earthquake caused heavy destruction in the epicentral region,
including 17 fatalities; however, the 2019 earthquake caused very
negligible damage in the epicentral region and Taipei. One building in
Taipei leaned against its neighbor after shifting its foundation, during
the 2019 earthquake. The obvious difference in demolition caused
during the two earthquakes can be observed from PGV shakemaps. The
maximum loss during the 2018 earthquake was caused in an area
encircling higher PGV values (>17 cm/s). The light damage (minor/
negligible damage in buildings) during both earthquakes was observed
in areas having a PGV value of 5.7 cm/s. From here, it can be concluded
that the PGV shakemaps (at least during these two earthquakes) may
portray a better picture of damage distribution in an area as compared to
PGA shakemaps.
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