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Abstract: A catalogue of forty-nine instrumentally-recorded earthquakes with magnitudes ≥ 7 in Taiwan 
from 1906 to date is compiled from regional and international catalogues and literature. Included also are 
seven historical earthquakes that occurred from 1792 to 1867. The earthquake magnitude is the surface-wave 
magnitude, Ms. The moment magnitude, Mw, is also evaluated either from Ms or obtained from related documents. 
Except for one event, Mw is smaller than or equal to Ms. There are the ‘doublets’, ‘triplets’, and ‘quadruplets’ in 
these earthquakes. The spatial distribution of epicenters shows that most of the events occurred in offshore 
eastern Taiwan and only a few inland events happened in western Taiwan. The shortest inter-occurrence time 
between two consecutive events is less than 1 day; while the longest one is 5742 days between No. 47 event and 
No. 48 event. The inter-occurrence time somewhat increases with time. The time series of earthquakes shows 
irregular recurrence behavior with aperiodicity, fractality, and a weak memory effect. The damage produced by 
earthquakes is much higher from inland events (mainly in western Taiwan) than from offshore ones.
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1. Introduction
The Taiwan region (from 118 oE to 125 oE and 19 oN 

to 26 oN) is at the juncture of the Eurasian plate and 
the Philippine Sea plate [1–4]. The Philippine Sea plate 
moves, with a sliding rate of about 8 cm/year [5], north-
westward to collide with the Eurasian plate in eastern 
Taiwan. The former starts to subduct northwards al-
most from latitude ∼24 oN and then underneath the 

latter in northern Taiwan. The western boundary of 
the subducted slab is almost along longitude 121.5 oE. 
Meanwhile, the Okinawa rough has extended south-
westward to Taiwan. In the area to the south of latitude 
23 oN, the Eurasian plate that moves from west to east 
starts to subduct almost from longitude 120 oE and 
then underneath the Philippine Sea plate. Strong and 
complex tectonics have resulted in active orogeny with 
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complicated geological structures, thus leading to high 
seismicity in the region. 

Since Japanese installed the first seismograph at 
Taipei in 1897, there has been instrumentally-recorded 
earthquake data for seismological studies. Numerous 
authors [1,6,7–13] observed that the spatial distribution 
and temporal variation of earthquakes in the Taiwan 
region are both inhomogeneous and irregular. This is 
caused by complex geological structures and tectonics 
in the region.

It is significant and important to investigate the prop-
erties of spatial distribution and temporal variation 
of large earthquakes in Taiwan, not only for academic 
interests [9] but also for seismic risk mitigation [13,14].  
To reach the goals, it is necessary first to compile a 
complete catalog of earthquakes with magnitudes being 
larger than a certain value. There are several catalogues 
of Taiwan earthquakes, including historical events be-
fore 1897 and instrumentally-recorded ones after 1897. 
According to Hsu [15], Hsu [16] reported twenty-seven 
historical earthquakes from 1644 to 1882 and Tsai [17] 
estimated the magnitude values (6.0–7.7) of eleven his-
torical disastrous earthquakes from 1683 to 1895. Their 
catalogues are not complete for historical earthquakes 
and the magnitudes estimated by Tsai [18] have high un-
certainties. 

For instrumentally-recorded earthquakes, Hsu [6] re-
ported the disastrous events from 1900 to 1960. Hsu [1] 
published the first catalogue of earthquakes with MH ≥ 4, 
where MH is Hsu’s magnitude [18,19], from 1936 to 1967. 
Seventy-four post-1936 MH ≥ 5 earthquakes are also 
included in Hsu’s catalogue. Hsu [20] published a revised 
catalogue for MH ≥ 4 earthquakes from 1936 to 1979. 
Included also are some large earthquakes, i.e., docu-
mented historical events from 1644 to 1896 and in-
strumentally-recorded events from 1900 to 1936. Li [21] 
published a catalogue consisting of earthquakes with 
magnitudes ≥ 5. Cheng and Yeh [22] published a cata-
logue consisting of historical earthquakes from 1604 to 
1897 and instrumentally-recorded MH ≥ 4 events from 
1898 to 1988. Their catalogue is mainly composed of 
the events of Hsu’s catalogue and those published in 
the catalogue of the Institute of Earth Sciences (IES), 
Academia Sinica. In their catalogue, the magnitude 
scales reported in the respective original catalogues 
have been transferred into the local magnitude, ML, 
measured by the Central Weather Administration 
(CWA) [23] through the conversion formulas inferred 
by them. In addition, several international earthquake 
catalogues also include Taiwanese events. The details 
can be seen in Wang [19]. Wang and Kuo [24,25] collected 

the data for large earthquakes assigned by different 
magnitudes from both domestic and international 
catalogues. They transferred the different magnitude 
scales to the surface-wave magnitude, Ms, based on the 
conversion equations between Ms and other magnitude 
scales inferred by Wang and his co-author [19,20]. Wang 
and Kuo [24] compiled a catalogue including forty-four 
Ms ≥ 7 earthquakes from 1900 to 1995. Cheng et al. [26] 
compiled a catalogue of disastrous earthquakes from 
1736 to 2000. Chen and Tsai [27] compiled a catalog of 
earthquakes with Mw ≥ 5.5 (where Mw is the moment 
magnitude as mentioned below) from 1900 to 2006.

Hanks and Kanamori [28] proposed a new magnitude 
scale, i.e., the moment magnitude Mw, to quantify earth-
quakes. For Taiwan earthquakes, Chen et al. [29] studied 
the correlations between Mw and other magnitude 
scales; while Theunissen et al. [30] correlated Mw to Ms. 
Several authors [30,31] measured or re-evaluated the val-
ues of Mw for Taiwan earthquakes. Theunissen et al. [30]  
compiled a catalogue of earthquakes with Mw ≥ 7 from 
1920 to 2006. Since Wang and Kuo [25] compiled their 
catalogue, five Ms ≥ 7 earthquakes which will be de-
scribed below have occurred in the Taiwan region. 
Hence, it is necessary to re-compile a new catalogue for 
Ms ≥ 7 Taiwan earthquakes from 1900. For this new cat-
alogue, the magnitude scales include both the surface-
wave magnitude, Ms, and the moment magnitude, Mw.

In this article, we will mainly focus on six issues: 
(1) re-compilation of a catalogue of earthquakes with 
Ms ≥ 7, including historical events and instrumentally-
recorded ones, from Wang and Kuo [24] and other 
literature; (2) evaluations of the values of Mw for all 
events; (3) a comparison between Ms and Mw; (4) the 
spatial distribution of earthquakes; (5) the time series 
of earthquakes; and (6) earthquake-induced damage. 
In addition, we will also review and discuss previous 
studies (including fractality, the memory effect, and 
the factors influencing spatial distribution of damage) 
about the Mw ≥ 7 earthquakes in Taiwan.

2. Data

2.1 Historical Earthquakes

From historical documents compiled by Hsu [16], sev-
eral authors [1,6,16–18,31] studied historical earthquakes 
before 1897. The earthquake magnitudes were not es-
timated in the literature [1,6,16,17,31]. For historical earth-
quakes, the magnitudes cannot be determined because 
there were not any seismograms in Taiwan before 
1897. Hence, Tsai tried to estimate the magnitude of an 
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event just by comparing its spatial pattern of damage 
and that caused by a post-1900 event whose location 
was near the historical one. When the damage patterns 
of the two events are similar, he took the magnitude 
of the post-1900 event to be that of the historical one. 
Of course, there are some problems with this method. 
The number of buildings, building structures, etc. in 
the pre-1900 era should be different from those in 
the post-1900 era. These reasons will influence the 
estimation of the magnitude of a historical event. Nev-
ertheless, he estimated the magnitude values of eleven 
historical earthquakes. Seven of them with Ms ≥ 7 are 
taken into account in this study. These events are num-
bered by ‘a’, ‘b’, …, and ‘g’ as listed in Table 1. Included 
also in the table is the damage, including the number 
of people killed, the number of injured, the number of 
houses collapsed, and the number of houses damaged, 
caused by the seven historical earthquakes. Cheng and 
his co-authors [23,26] also compiled numerous historical 
earthquakes with damage in their catalogues.

2.2 Instrumentally-Recorded Earthquakes

The instrumentally-recorded earthquakes in Taiwan 
have been reported since 1897 when Japanese in-
stalled the first seismometer at Taipei [9]. A simple his-
tory of seismic observations is described in Appendix. 
Since Gutenberg and Richter [32] proposed the surface-
wave magnitude, MGR, the magnitudes of global earth-
quakes, including Taiwan’s larger-sized events, have 
been routinely determined by numerous governmental 
agencies, for example, the United States Geological Sur-
vey (USGS). The magnitude scales of Taiwanese earth-
quakes have been studied by numerous researchers. 
Kawasumi [33] first suggested the intensity magnitude 
of earthquakes in Japan and Taiwan. However, Wang 
and his coauthors [34] assumed that this magnitude is 
not appropriate for Taiwan earthquakes. The Japan 
Meteorological Agency (JMA, formerly Central Mete-
orological Observatory, CMO) routinely determined the 
magnitudes of earthquakes in Japan and some larger 
earthquakes in Taiwan based on the formula obtained 
by Tsuboi [35]: MJ = logA + l.731log∆ – 0.83 where A is 
either the larger value of the maximum amplitudes 
along two horizontal-component seismograms or the 
composite value of the two maximum amplitudes in 
μm and ∆ is the epicentral distance in km. Hsu [1,21,36] 
determined the magnitudes of Taiwan earthquakes 
from 1934 to 1972 using the data observed by the Cen-
tral Weather Bureau (CWB) (now the Central Weather 
Administration, CWA) based on the following formula: 
MH = logA + l.09log∆ + 0.50. Clearly, MH is different 

from MJ. Hsu did not determine the magnitudes of pre-
1934 instrumentally-recorded earthquakes due to two 
reasons. The first reason is that the seismic stations 
were very few before 1934. The second one is that the 
pre-1934 old seismograms were not good enough and 
some of them were disturbed or lost during the Second 
World War. Hence, Hsu quantified the pre-1934 Taiwan 
earthquakes just by taking their magnitudes from oth-
er international catalogues, for example, the catalogue 
made by Duda [37].

The current surface-wave magnitude, Ms, is meas-
ured from the seismograms based on the Prague for-
mula [38]: Ms = log(A/T) + 1.66log(∆) + 3.3 where A is 
the vector sum of the maximum amplitudes in microns 
with a period, T, at 20 ± 2 sec along two horizontal 
components, and ∆ is the epicentral distance in degree.

Wang and Kuo [24] compiled a complete catalogue for 
earthquakes with magnitudes ≥ 7 from 1900 to 1986 
based on several domestic catalogues [1,21,23,36] and in-
ternational ones [37,39–47]. Wang and Kuo [24] collected the 
magnitude values reported in several catalogues for 
pre-1967 earthquakes and took the values of Ms direct-
ly from the Earthquake Determination Report by USGS 
for the post-1967 events. In order to unify the mag-
nitude scales reported in different catalogues to the 
commonly-used surface-wave magnitude, Ms, for pre-
1967 earthquakes, they applied the conversion equa-
tions between Ms and other magnitude scales inferred 
by Wang and his coauthor [19,20]. Hence, the resultant 
magnitude is equivalent to Ms. Forty-four Ms ≥ 7 earth-
quakes reported by Wang and Kuo [24] are the base data 
of this study and listed in Table 1 where the events are 
counted from No. 1 to No. 44. A detailed description of 
some of the large earthquakes can be found in two ar-
ticles [9,26]. 

After the publication of Wang and Kuo’s catalogue [24], 
five Ms ≥ 7 earthquakes happened in the Taiwan region. 
The five earthquakes are (1) the September 20 (local 
time September 21), 1999 Ms 7.7 Chi-Chi earthquake [48,49], 
(2) the March 31, 2002 Ms 7.1 offshore Hualien earth-
quake [50], (3) the December 26, 2006 Ms 7.1 Pingtung 
earthquake [51,52], (4) the September 18, 2022 Mw 7.0 or 
ML 6.8 Chihshang earthquake [53], and (5) the April 2 (lo-
cal time April 3), 2024 offshore Hualien earthquake [54].  
The 1999 Chi-Chi earthquake caused serious dam-
age in Taiwan. The 2002 offshore Hualien caused 
some damage in Taipei which is about 150 km far 
away from the epicenter [55]. The 2006 Pingtung earth-
quakes caused damage in the local area and were the 
“doublets” whose second event was Ms = 6.9 occurred 
about 8 minutes after the first one. The epicentral dis-
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tance between the two events was 66 km. Hence, only 
the first event is considered in this study. The ML 6.8  
Chihshang earthquake occurred in eastern Taiwan 
on September 18, 2022. Its epicenter determined by 
the CWA from its seismological network is located at 
23.137o N and 121.196o E with a focal depth of 7.8 km. 
The USGS only determined its moment magnitude of  
Mw = 7.0. Based on equation (3), its surface magnitude 
is Ms = 7.4. The 2024 ML7.2 offshore Hualien earth-
quake caused serious damage in Hualien and some 
areas. Its epicenter determined by the CWA is located 
at 23.77 oN and 121.67 oE with a focal depth of 15.4 
km and its local magnitude is ML = 7.2 (see CWA). The 
USGS determined its moment magnitude of Mw = 7.4. 
The five earthquakes are numbered, respectively, as 
Nos. 45, 46, 47, 48, and 49 in Table 1. Hence, total of 
forty-nine instrumentally-recorded earthquakes with 
Ms = 7.0 − 8.1 occurred from 1900 to date. Related 
earthquake data are listed in Table 1.

Kanamori and his co-author [28,56] defined the mo-
ment magnitude, Mw, of an earthquake as equation (1):

Mw = (2/3)log(Mo) – 10.7
(1)

where Mo is the seismic moment with a unit of dyne-
cm or Nt-m [57]. Theunissen and his co-authors [30] com-
piled a catalogue of twenty-six Taiwan earthquakes 
with Mw ≥ 7 based in three ways: (1) to calculate the 
values of Mw from those of Mo which were measured 
by Chen and his co-authors [31]; (2) to take the values 
Mw directly from the global central moment tensor 
(GCMT) catalogue; and (3) to calculate the values of 
Mw from those of Ms which were reported by Wang and 
Kuo [24]. From the seismograms recorded at the global 
seismic network, Chen and his co-authors [31] evalu-
ated the seismic moments for four large earthquakes: 
Mo = 100.0 × 1025 dyne-cm for the February 13, 1963 
earthquake with Ms = 7.3; Mo = 486.0 × 1025 dyne-cm 
for the March 12, 1966 earthquake with Ms = 7.9; Mo = 
134.0 × 1025 dyne-cm for the January 25, 1972 earth-
quake with Ms = 7.2; and Mo = 16.4 × 1025 dyne-cm for 
the April 24, 1972 earthquake with Ms = 7.0. Hence, 
based on equation (1), the values of Mw are 7.3 for the 
February 13, 1963 earthquake, 7.8 for the March 12, 
1966 earthquake, 7.4 for the January 25, 1972 earth-
quake, and 6.8 for the April 24, 1972 earthquake. In 
addition, Theunissen and his co-authors [30] took the 
values of Mw = 7.2, 7.0, 7.3, 7.6, and 7.1, respectively, for 
the events with Nos. 42, 43, 44, 45, and 46 as listed in 
Table 1 from the GCMT catalogue. For the rest events, 
they calculated the values of Mw from those of Ms which 

were reported by Wang and Kuo [24] through the con-
version equation between Mw and Ms inferred by them. 
These values are listed in Table 1. For other events, we 
calculated the values of Mw from those of Ms as listed in 
Wang and Kuo [24] based on equation (3) and results are 
also included in Table 1. 

Obviously, the value of Mw for the April 24, 1972 
earthquake is smaller than 7.0. However, Theunissen 
and his co-authors [30] reported Mw = 7.0 for this event 
based on the values of Mo measured by Chen and his 
co-authors [31]. We must examine the problem in an al-
ternative way. Chen and his co-authors [29] inferred the 
conversion relationship between Mo and Ms as equation 
(2):

log(Mo) = (1.07 ± 0.04)Ms + (18.72 ± 0.20)
(2)

A combination of equations (1) and (2) lead to 
1.5(Mw + 10.7) = 1.07Ms + 18.72 or equation (3)

Mw = 0.71Ms + 1.78
(3)

From Table 1, the value of Ms for the April 24, 1972 
earthquake is 7.0, thus leading to Mw = 6.8 based on 
equation (3). On the other hand, Theunissen and his 
co-authors [31] inferred the following Mw–Ms conversion 
equation (4): 

Mw = 0.7925Ms + 1.2853 ± 0.1860
(4)

From this equation, Mw is 6.8 for this event. The two 
results confirm that the value of Mw for this event is 6.8 
rather than 7.0. Hence, Mw = 7.0 for this event as re-
ported by Theunissen and his co-authors [30] should be 
revised. 

For the April 2, 2024, offshore Hualien earthquake, 
its value of Mw determined by the USGS is 7.37. Hence, 
the surface magnitude is Ms = 7.87 based on equation 
(3) and Ms = 7.68 based on equation (4). The aver-
age value is 7.82. Here, we take the value of 7.8 as the 
surface-wave magnitude to quantify this earthquake. 
According to this value, the 2024 offshore Hualien 
earthquake is slightly larger than the 1999 Chi-Chi 
earthquake.

Several authors [22,46,58–63] relocated or revised the lo-
cations of some of the forty-eight events. Their results 
have been here taken to replace the original ones as 
listed by Wang and Kuo [24]. However, the focal depths 
of several pre-1940 events are still unknown. The 
crust-upper mantle boundary with vp = 7.5 km/s in the 
Taiwan region is mainly in the range of 35−45 km as 
inferred by several groups of researchers [64–68]. Hence, 
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an average depth of 40 km is here taken as a boundary 
to classify the events: a crustal event with H ≤ 40 km 
and an upper-mantle or subduction zone event with H 
> 40 km. The results show that Ms ≥ 7 earthquakes are 
mainly crustal events.

There is a debatable problem concerning whether 
or not the March 17, 1906 Meishan earthquake [69,70] 
was an event with Ms ≥ 7. Since 1900, this earthquake 
has been the most disastrous one in southwestern 
Taiwan [26]. It was located at (120.5 oE and 23.6 oN) and 
reported as ‘shallow focal depth’ by Hsu [1]. However, 
Gutenberg and Richter [39] and Wang and Kuo [24] did 
not include this earthquake in their catalogues. The 
magnitude values of this event reported by numerous 
researchers are MDU = 7.1 [37], MH = 7.1 [1,45,46], and MU = 
7.1 [47,48]. The magnitude values reported by the four 
groups of researchers are the same because the values 
reported by the last three groups were just taken from 

the first one. On the other hand, from old seismograms 
Abe and his coauthors [40–44] obtained Ms = 6.8 and mB 
= 6.9 for this event. The revised value of Ms is smaller 
than 7. This is the reason why Wang and Kuo [25] did 
not include this event in their catalogue. Field geologi-
cal surveys show that the Meishan fault is a strike-slip 
fault with a length of 25 km [71]. From the expression 
[72]: log(Ls) = (–3.55 ± 0.37) + (0.74 ± 0.05)Ms where Ls 
is the surface rupture length for strike-slip faults, the 
magnitude is Ms = 6.7 for Ls = 25.0 km. This estimated 
value is similar to Ms = 6.8 measured by Abe and his 
co-author [44]. Consequently, the magnitude of the event 
should be Ms = 6.8 which gives MH = 6.74 based on the 
conversion equation: Ms = (–0.95 ± 0.31) + (1.15 ± 0.05)
MH [20]. Hence, this earthquake is not included in the 
catalogue of this study because of Ms < 7. 

3. Results

Table 1. The earthquake data (date, epicenter, focal depth, H, and magnitude, Mw and Ms): 7 historical events 
denoted by ‘a’ to ‘g’ and 49 recent events numbered from 01 to 49. Mw inside ‘( )’ is calculated from Ms using 
equation (3); Mw inside ‘[ ]’ is computed from Mo evaluated by Chen and his co-authors [31]; and Mw inside ‘< >’ is 
taken from the GCMT catalogue. The value of Ms of No. 49 event was calculated from Mw. (Hazards: the number of 
deaths, the number of injuries; the number of houses collapsed, the number of houses damaged).

No
Date
(Animal Year)

Lat. (oN)
Long. (oE)

H
(km)

Ms 
(Mw)

Deaths Injuries
Collapse
Houses

Damaged 
Houses

Remarks

a 17920809
23.6
120.5

7.1 617 781 24621

b 18110317
23.8
121.8

7.5 21 16 41 14

c 18151013
24.0
121.9

7.7 113 2 243

d 18480212
24.1
120.5

7.1 1030 many 4220

e 18620607
23.2
120.2

7.0 > 500 > 1000 > 500

f 18671218
25.3
121.7

7.0 hundreds many

g 18821209
23.0
121.4

7.5 10 > 40

01 19060619
20.0
122.0

7.1
(6.8)

02 19090414
25.0
121.5

75.0
7.1
(6.8)

9 51 122 1050

03 19091121
24.4
121.8

10.0
7.1
(6.8)

4 14 39

04 19100412
25.1
122.9

200.0
8.1
(7.5)

13 59

05 19100617
21.0
121.0

7.1
(6.8)

06 19100901
21.0
122.0

7.1
(6.8)
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No
Date
(Animal Year)

Lat. (oN)
Long. (oE)

H
(km)

Ms 
(Mw)

Deaths Injuries
Collapse
Houses

Damaged 
Houses

Remarks

07 19150105
24.4
123.2

160.0
7.1
(6.8)

08 19150228
23.6
123.5

7.5
(7.1)

09 19160325
24.0
124.0

7.2
(6.9)

10 19170704
25.0
123.0

20.0
7.4
(7.0)

11 19170704
25.0
123.0

30.0
7.0
(6.75)

12 19191220
22.5
121.4

24.0
7.2
(6.9)

13 19191220
22.5
121.4

35.0
7.1
(6.8)

14 19200605
24.0
122.0

35.0
8.1 
(7.5)

5 20 273 1275

15 19210402
22.6
123.4

35.0
7.4
(7.0)

16 19220901
24.6
122.2

35.0
7.7
(7.2)

5 7 14 161

17 19220914
24.6
123.3

35.0
7.3
(7.0)

5 24 389

18 19250416
20.4
120.2

7.2
(6.9)

minor

19 19350420 
24.3
120.8

10.0
7.2
(6.9)

3276 12053 17907 36781
faults, surface 
deformations, landsides,
 collapse of ground

20 19350904 
22.5
121.5

20.0
7.3
(7.0)

114

21 19360821 
22.0
121.2

50.0
7.2
(6.9)

14 37 341

22 19371208 
23.1
121.4

7.1
(6.8)

7 140

23 19380907
23.8
121.8

10.0
7.1
(6.8)

minor

24 19381206 
22.9
121.6

10.0
7.2
(6.9)

25 19411216 
23.4
120.5

15.0
7.2
(6.9)

358 733 4520 11086 landsides

26 19470926 
24.8
123.0

110.0
7.6
(7.2)

27 19511021 
23.8
121.7

4.0
7.4
(7.0)

68 586 2382 fissures, landslides

28 19511021 
24.1
121.8

1.0
7.2
(6.9)

29 19511022
23.8
121.9

18.0
7.2
(6.9)

30 19511124 
23.3
121.4

36.0
7.4
(7.0)

20 326 1016 582 fissures, landslides

31 19570223 
23.8
121.8

30.0
7.4
(7.0)

11 33 64 100

Table 1 continued
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The occurrence dates, epicenters, focal depths, and 
magnitudes of the forty-nine earthquakes are listed 
in Table 1. The uncertainties of epicenters and focal 
depths are higher for pre-1967 earthquakes than for 
post-1967 ones. The focal depths of some pre-1938 
events cannot be estimated due to insufficient data. 
The epicenters of forty-nine instrumentally-recorded 
events and seven historical events are plotted in Fig-
ure 1 with different symbols: open red circles for the 
events with H ≤ 40, solid red circles for those with  
H > 40 km, open green squares for those whose focal 

depths have not yet been estimated, and open blue tri-
angles for seven historical events. The numbers from 
1 to 40 for the events that occurred after 1900 and 
the indices from ‘a’ to ‘f ’ for historic ones are also dis-
played inside each symbol. 

Figure 2 shows the time series of earthquakes 
represented by Ms in the time domain (with a unit of 
day). The shortest inter-occurrence time between two 
events is less than 1 day; while the longest one which 
was between the No. 47 event and the No. 48 one is 
5742 days. Since a few events occurred in a short time 

No
Date
(Animal Year)

Lat. (oN)
Long. (oE)

H
(km)

Ms 
(Mw)

Deaths Injuries
Collapse
Houses

Damaged 
Houses

Remarks

32 19580311 
25.0
124.0

70
7.0
(6.75)

33 19590426
25.0
122.5

126.5
7.9
(7.4)

18 71 1249 1449

34 19630213 
24.4
122.1

35.0
7.3 
[7.2]

15 3 6 6

35 19640118 
23.2
120.6

33.0
7.0
(6.75)

106 650 10520 25818

36 19650517 
22.5
121.3

21
7.0
(6.75)

37 19660312
24.1
122.6

28.9
7.9
[7.5]

7 minor

38 19680226 
22.7
121.3

24.0
7.1
(6.8)

39 19720125 
22.5
122.3

10.0
7.4
(7.0)

40 19720125 
23.0
122.3

40.0
7.2 
[7.3]

41 19720424
23.5
121.5

15.4
7.0 
[6.75]

5 17 28 62
fissures, collapse of a large 
bridge and a tunnel

42 19780723
22.2
121.3

6.3
7.3 
<7.2>

minor

43 19781223 
23.3
122.3

48.0
7.0 
<7.0>

2 3 2

44 19861114 
23.9
121.6

34.0
7.8 
<7.3>

15 44 1 few

45 19990920 
23.9
120.8

8.0
7.7 
<7.6>

2489 12031 54406 51753
faults, fissures, landslides, 
liquefaction, collapse of bridges 
and water dams

46 20020331
24.1
122.1

16.5
7.1 
<7.1>

5 1 1 160

47 20061226 
21.6
120.6

44.0
7.1 
(7.1)

2 44 3
ruptures of submerged 
communications cables

48 20220918
23.1
121.2

7.8
7.4
<7.0>

1 79 many
landslides,
damage of bridges

49 20240402
23.77 
121.67

15.4
(7.8)
7.37

17 1155 5 > 1366
landslides, collapse of roads 
and bridges, local electric and 
gas supply system ruptured

Table 1 continued
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interval, the line segments representing them are close 
to one another and thus cannot be clearly separated. 
From Table 1, the year having the largest number of 
events is 1951.

The damage caused by some of the forty-nine earthquakes 
is compiled from numerous literature [1,6,14,16,17,21,26,29,31,54,73–75]  

and local governmental reports [76]. The results are list-
ed in Table 1 in which there are the number of deaths, the 
number of injuries, the number of houses collapsed or 
seriously damaged, and the number of houses damaged.

4. Review of Previous Studies and Discussion

Figure 1. Epicenters of Ms ≥ 7 earthquakes in the Taiwan region (from 118 oE to 125 oE and 20 oN to 26 oN): Open 
red circles for shallow events, solid red circles for deep events, open green squares for the events without focal 
depths, and open blue triangles for historical events.

Figure 2. Time series of magnitudes of forty-nine instrumentally-reported Ms ≥ 7 earthquakes from 1900 to date.
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In the following, we will review the previous stud-
ies and discuss five topics: (1) Mw versus Ms for Taiwan 
earthquakes; (2) Mainshock problem; (3) Spatial dis-
tribution of earthquake epicenters; (4) Time series of 
earthquakes; and (5) Damage caused by earthquakes. 
The fourth topic includes four issues: (a) ‘Is the time 
series of earthquakes periodic or aperiodic?’; (b) ‘Is 
the time series of earthquakes fractal?’; (c) ‘Does the 
memory effect exist in the time series of earthquakes?’; 
and (d) ‘How are the occurrence times of earthquakes 
distributed in the twelve months of a calendar year?’ 
The five topics are discussed below.

4.1 Mw Versus Ms for Taiwan Earthquakes
From Table 1, we can see that the values of Mw cal-

culated from both equation (3) and the Mw–Ms relation-
ship inferred by Theunissen and his co-authors [30] are 
smaller than those of Ms. The values of Mw calculated 
from those of Mo that was measured from global seis-
mograms by Chen and his co-authors [31] are smaller 
than those of Ms for three events, i.e., Nos. 34, 37, and 
41, and larger than that for an event numbered No. 40. 
Consequently, except for No. 40 the values of Mw either 
calculated from those of Mo or directly taken from the 
GCMT catalogue are all smaller than or equal to those 
of Ms. That Mw is not larger than Ms is a significant 
problem for Taiwan earthquakes.

From observations, Gutenberg and Richter [77] in-
ferred the Gutenberg-Richter Es–Ms relationship as the 
equation (5):

logEs = 1.5Ms + 11.8
(5)

where Es is the seismic radiation energy in ergs. The 
magnitude scale of the equation (5) was originally the 
Gutenberg-Richter surface-wave magnitude, MGR, and 
at present is the commonly-used surface-wave magni-
tude, Ms. From the scaling law of displacement spectra 
of earthquake sources [78], the value of A may be satu-
rated when the earthquake size is larger than a critical 
value. Hanks and Kanamori [28] emphasized that if Ms is 
saturated, Es as calculated from equation (5) should be 
bounded for large earthquakes. This will yield under-
estimates of Es for large earthquakes, especially for 
great ones. 

Let ∆E be the strain energy of an earthquake which 
is the difference in the elastic strain energy before and 
after an earthquake. Hanks and Thatcher [79] first sug-
gested that a magnitude scale based directly on an esti-
mate of ∆E would prevent the problem of characterizing 
earthquake source strength from magnitude saturation 

due to narrow-band time domain amplitude measure-
ments. The seismic radiation energy, Es, is equal to 
η∆E, which η is the seismic efficiency and is commonly 
smaller than or equal to 1 [56,80–81]. When the stress drop 
is complete during an earthquake rupture, Kanamori [56]  
proposed a way to measure ∆E from the seismic mo-
ment based on the relation, see equation (6): 

∆E = (∆σ/2µ)Mo

(6)

where ∆σ is the earthquake stress drop and µ is the 
shear modulus. In this situation, ∆E equals Es because of 
η = 1. For shallow earthquakes whose stress drops are 
almost constant in the range of 20–60 bars or (2–6) × 
107 dyne/cm2 [28,56,82,83], equation (6) may be reduced to 
be equation (7):

Es = ∆E = 2 × l0-4 Mo

(7)

because of µ = (3–6) × 1011 dyne/cm2 [56]. Hanks and 
Kanamori [28] proposed that if Es is evaluated directly 
from equation (7), it may be placed on the left-hand 
side of equation (5) to determine a non-saturated mag-
nitude, i.e., the moment magnitude, Mw, as described by 
equation (1). Hence, Mw is based directly on the seismic 
moment, Mo, of an earthquake source. equation (1) co-
incides with the Mo–Ms relationship [84]: log(Mo) = 1.5Ms 
+ (16.1 ± 0.1) for earthquakes with 5.0 ≤ Ms ≤ 7.5. This 
assumes that Mw is quite similar to Ms for a number of 
earthquakes with Ms < 8. But for Mw > 8 the value of Ms 
would be saturated and could not increase with earth-
quake size. Under this physical basis, Mw should be al-
most equal to Ms for Mw < 8 and larger than Ms for Mw ≥ 8.

However, Table 1 shows the opposite result that Mw 
is smaller than Ms for most of the earthquakes in this 
study. This problem can first be examined by equation 
(3) and equation (4). The two relations lead to Mw < 
Ms for Ms > 6.1. This means that the equality of Mw = 
Ms as addressed by Kanamori and his co-author [28,56] 
does not exist for both shallow and deep earthquakes 
with Ms > 6.1 in Taiwan. Except for two events, i.e., Nos. 
04 and 14 with Ms = 8.1, the saturation problem of 
measuring Ms from seismograms as mentioned above 
essentially does not exist for Taiwan earthquakes. This 
seems to suggest that the surface-wave magnitude, 
Ms, is more appropriate than the moment magnitude, 
Mw, to quantify large earthquakes with 7.0 ≤ Ms ≤ 8.1 
in Taiwan. The main reason for yielding larger Ms than 
Mw could be the difference between the displacement 
spectra of Taiwan earthquakes and theoretical ones. 
The value of Ms is determined from the amplitudes of 
surface waves at 20 ± 2 seconds; while that of Mo is 
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done from the amplitudes of long-period surface waves 
and normal modes, geodetic data, or geological data [85]. 
The scaling law of displacement spectra of earthquake 
sources [74] reveals the changes in spectral amplitude 
with earthquake size. This will influence the measure 
of Mo. Chen and his co-authors [86] showed that the seis-
mic moments of Taiwan earthquakes evaluated from a 
regional broadband array are in general smaller than 
those reported in the GCMT catalogue. This is due to 
the reason that the displacement amplitudes at shorter 
periods used for determining Mo by the regional broad-
band array are smaller than those at longer periods 
used in the GCMT catalogue. Clearly, the displacement 
amplitude or the related wave period is an important 
factor in influencing the evaluated value of Mo. From 
the scaling law of source displacements proposed 
by Aki [79], the displacement amplitudes at different 
periods are almost the same when the periods are 
longer than the corner period. This theoretical result 
might be inconsistent with observations of the Taiwan 
earthquakes. A simple way to explore the difference 
between Ms and Mw is to examine the possible differ-
ences in displacement amplitudes at distinct periods 
of Taiwan earthquakes. Since the number of Taiwan 
earthquakes whose displacement spectra are available 
is still small at present, this problem will be studied in 
the future.

4.2 Mainshock Problem

Based on Table 1, it is natural to ask whether or 
not all large earthquakes in the study are mainshocks. 
According to Båth’s law [87,88], the magnitude of larg-
est the aftershock is about 1.2 smaller than that of the 
mainshock. For Taiwan earthquakes, Chen and Wang [89] 
found that the magnitude difference, δMs, between the 
mainshock and the largest aftershock slightly increases 
with the mainshock magnitude, Ms, and varies from 0.1 
to 2.2, with two values of 0.3 and 0.9, which has the 
largest number of events. The mean value of δMs is 0.83 
± 0.46. The differences of occurrence time and epicent-
er between the mainshock and the largest aftershock 
do not clearly correlate to Ms as well as δMs. Hence, an 
M ≥ 8 earthquake could be followed by one or few M ≥ 
7 aftershocks; while an M ≥ 7 earthquake would will be 
followed by one or few M ≥ 6 aftershocks. Only two Ms ≥ 
8 earthquakes occurred in Taiwan and no Ms ≥ 7 after-
shocks followed the two mainshocks. Since the events 
with Ms < 7 are not considered in this study, all Ms ≥ 7 
earthquakes in Table 1 are the mainshocks. The largest 
number of events occurring in one year is 4 in 1951.

Table 1 shows the existence of several special pairs 

of events. For each pair, the epicenters of two events 
are close to each other, the epicentral distance between 
them is shorter than a certain value, the inter-occur-
rence time between them is short, and the difference in 
their magnitudes is very small. We consider three cri-
teria for selecting a pair. First, the epicentral distance 
is shorter than 110 km. The reason to take 110 km as a 
criterion is based on the fault length of the 1999 Ms7.6 
Chi-Chi, Taiwan, earthquake. The fault length was 
about 100 km [50]. Since the uncertainty of earthquake 
location was high before 1967 as mentioned above, 
I take 110 km, which is about a degree of latitude or 
longitude, instead of 100 km to be the threshold epi-
central distance. Secondly, the inter-occurrence time is 
shorter than 100 days. Chen and Wang [89] found that 
for M ≥ 5 earthquakes in Taiwan, the largest difference 
between the occurrence time of a mainshock and that 
of its largest aftershock is about 100 days. Hence, I 
take 100 days to be the criterion of inter-occurrence 
time. Thirdly, the difference in focal depths between 
two events is smaller than 40 km. Due to a small differ-
ence in the magnitudes between any two events in use, 
it is not necessary to set up a criterion for magnitude. 
From Table 1, we can see five types of events, i.e., Nos. 
5 and 6, Nos. 10 and 11, Nos. 12 and 13, Nos. 16 and 
17, and Nos. 20 and 21. The two earthquakes of each 
pair form the “doublet.” Three sequential earthquakes, 
i.e., Nos. 39, 40, and 41, which occurred offshore east-
ern Taiwan in 1972, form the ‘triplet.’ They were the 
largest three events of the 1972 Ruisui earthquake 
sequence [50]. Four sequential earthquakes, i.e., Nos. 27, 
28, 29, and 30 which occurred offshore eastern Taiwan 
in 1951, form the “quadruplet.” They were the largest 
four events of the 1951 Hualien-Taitung earthquake 
sequence [90,91]. Each event of ‘doublets,’ ‘triplets,’ and 
‘quadruplets’ is considered to be a separate one in this 
study. Although the epicentral distance between No. 7 
and No. 8 is shorter than 110 km, they are not consid-
ered as a ‘doublet.’ This is due to a reason that No. 7 is 
a deep event and the focal point of No. 8 is unknown. 
Their hypocentral distance might be longer than 110 
km. Although several pairs of sequent earthquakes oc-
curred, respectively, in an inter-occurrence time being 
shorter than 100 days, they are not considered to be 
the ‘doublets’ because the epicentral distance between 
two events of each pair was longer than 110 km. In 
fact, the Pingtung ‘doublet’ occurred in 2006 [52]. Since 
the value of Ms for the second event is slightly smaller 
than 7.0, only the first one, i.e., No. 47, is taken into ac-
count in this study.
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4.3 Spatial Distribution of Earthquake Epi-
centers

Figure 1 shows that most of the post-1900 events 
were located offshore in east Taiwan; while only a few 
of them occurred inland and in west Taiwan. Except for 
No. 2, i.e., the 15 April 1909 Taipei earthquake [63,92], five 
deep earthquakes that occurred in northern Taiwan 
were within the northward subducted slab of the Phil-
ippine Sea plate and two deep events that happened in 
southern Taiwan were within the eastward subducted 
slab of the Eurasian plate. An intermediate-depth 
earthquake, i.e., Event No. 43, occurred in the Huatung 
Basin within the Philippine Sea plate. This event was 
conducted by the Taiwan Telemetered Seismographic 
Network (TTSN) [93]. The uncertainties of locations 
evaluated by the TTSN for offshore earthquakes to the 
east of Taiwan are usually high. Since the crustal thick-
ness of the sea area is shorter than average value, i.e., 
40 km, this event could be a shallow one rather than an 
intermediate-depth one. Three events, i.e., Nos. 1, 5, and 
18, could occur in the slab of the Eurasian plate which 
has subducted from west to east in southern Taiwan.

Among the seven historical earthquakes, three inland 
events occurred in western Taiwan, one offshore event 
in northern Taiwan, and three events in or near the East 
Coastal Range. It is obvious that not any large event 
which occurred far away from Taiwan Island was report-
ed by Tsai [4]. This is due to the lack of a report of damage 
observed on the island in the historical documents.

4.4 Time Series of Earthquakes

Periodicity or Aperiodicity

Numerous researchers addressed irregular recur-
rence behavior, thus being aperiodic, for earthquakes 
in different tectonic provinces. Some examples are 
shown below. Based on seven instrumentally-recorded 
earthquake catalogues, Kagan and Jackson [94] found ir-
regular recurrence behavior for earthquakes. Goes [95]  
analyzed 52 time series of complete historical and 
paleoseismic earthquakes with magnitudes ≥7 in the 
Middle American Trench, Alaska, Chile, Japan, and the 
San Andreas fault, California. Results show irregular 
recurrence behavior for the time series of earthquakes 
in the study. Numerous authors [96–98] reported irregu-
lar recurrence behavior of paleoseismic earthquakes 
on the Chelungpu fault along which the 1999 Ms7.6 
Chi-Chi earthquake ruptured. From geological and his-
torical evidence, Satake [99] addressed irregular recur-
rence behavior of Japanese earthquakes. 

Figure 2 clearly demonstrates that like the previous 
studies the time series of Ms ≥ 7 large Taiwan earth-
quakes has irregular recurrence behavior, thus being 
aperiodic. The figure also shows that some earthquakes 
with short inter-occurrence times form a cluster and 
those with long inter-occurrence times separate very 
well. This seems to agree with the assumption pro-
posed by Davis and his co-authors [100]. Their assump-
tion is that the longer it has been since the last earth-
quake, the longer the expected time till the next. In 
addition, the degree of clustering remarkably decreases 
with increasing time. Figure 3 displays the inter-occur-
rence time between two consecutive events versus the 
event number. The inter-occurrence time almost in-
creases with time and its time variation can be divided 
into three time intervals: the first one from No. 1 to No. 
17, the second from No. 18 to No. 40, and the third one 
from No. 41 to No.49. The average inter-occurrence 
time is 895.7 days, 404.2 days, 746.2 days, and 2369.9 
days, respectively, for the whole time interval, the first 
one, the second one, and the third one. The average 
inter-occurrence times obviously increases with time. 
The average inter- occurrence time for the whole time 
interval is longer than that for the first time interval 
and shorter than those for the second and third time 
intervals. This reveals indirect evidence of irregular re-
currence behavior with aperiodicity of the earthquake 
sequence. Since the reasons for this phenomenon are 
not yet clear, more studies are necessary. Such irregular 
recurrence behavior with aperiodicity would reduce 
the possibility of long-term prediction or forecasting of 
Ms ≥7 large earthquakes in Taiwan. 

Figure 3. The inter-occurrence time (in days) between 
two consecutive events from No. 1 to No. 49.

Fractality



52

Earth and Planetary Science | Volume 03 | Issue 02 | October 2024

Self-similarity or scale-invariance is a fundamen-
tal property of natural phenomena or objects. In the 
1950’s, a mathematician Benoit B. Mandelbrot pro-
posed the concept of fractal geometry with fractal di-
mension to describe the self-similar or scale-invariant 
natural phenomena [101]. Since he [102] measured the 
fractal dimensions for geophysical problems, fractal ge-
ometry has been widely applied to seismology [103]. For 
Taiwan earthquakes, fractal geometry has been used 
to describe earthquake phenomena, including the time 
series and spatial distributions of earthquakes [104–109].

For the time series of forty-four earthquakes from 
No. 1 to No. 44, Wang [110] measured its multifractal 
dimensions. His results show the existence of multi-
fractality in the time series of Ms ≥7 earthquakes in the 
Taiwan region. This conclusion should be held for the 
present time series of forty-nine earthquakes. 

Memory Effect

In order to understand long-term variation in 
earthquakes, earthquake prediction, and seismic risk 
estimates, it is necessary and important to explore the 
memory effect within a time series of earthquakes in 
a region. This kind of study is usually based on the fre-
quency or probability distribution of inter-occurrence 
times of events. It is very common to consider that 
in a time series of earthquakes, an event is totally 
uncorrelated to others. In other words, such a time 
series is generated by a random process. The random 
distribution of point events is known as a Poisson 
process. Nevertheless, the presence of nests, swarms, 
and clusters in the spatial distribution and time series 
of earthquakes indicates the importance of the non-
Poisson process on earthquake occurrences [111]. When 
the swarms, foreshocks and aftershocks are removed, 
the sequence of mainshocks could be generated by a 
Poisson process without the memory effect. A simple 
method to examine whether or not the memory effect 
operates in a time series of earthquakes in a region is 
to compare the exponential function and gamma func-
tion of the frequency distribution or probability distri-
bution of inter-occurrence times of earthquakes. When 
the former is more appropriate than the latter for 
interpreting the frequency distribution, the time series 
of earthquakes is mainly generated by the Poisson pro-
cesses and thus the memory effect does not operate or 
is weak. The detailed discussion of this problem can be 
seen by Wang and Kuo [25].

For the time series of forty-four earthquakes from 
No. 1 to No. 44, Wang and Kuo [25] studied the frequen-
cy distribution of inter-occurrence time between two 

events. Their results demonstrate that although the 
exponential function and gamma function can both de-
scribe the frequency distribution, the former is more 
appropriate than the latter. This indicates that the time 
series of earthquakes with Ms ≥7 was generated mainly 
by the Poisson processes. Wang [112] investigated the 
memory effect in the time series of forty-seven Ms ≥ 7 
Taiwan earthquakes from No. 1 to No. 47 in this study 
through the fluctuation analysis. His results demon-
strate that every two earthquakes of the time series is 
short-term corrected, thus leading to the existence of 
a short-term memory effect rather than a long-term 
one for Ms ≥ 7 Taiwan earthquakes. This implicates 
impossibility or low possibility of forecasting a long-
term trend of occurrences of Ms ≥ 7 earthquakes in the 
Taiwan region.

Distributions of Events in Twelve Months

There are twelve months in a calendar year. It is 
important to understand the distribution of events in 
an individual month of a calendar year. The numbers 
and percentages of events in January, February, March, 
April, May, June, July, August, September, October, No-
vember, and December are listed in Table 2. Results 
show that the occurrences of Ms ≥7 earthquakes are 
the most active in April and September, secondly active 
in December, and the least active in May and August in 
the past more than one hundred years.

Table 2. The number and percentage of events in 
terms of the month.

Month Number %

January 4 8.16

February 4 8.16

March 4 8.16

April 8 16.33

May 1 2.04

June 3 6.12

July 3 6.12

August 1 2.04

September 8 16.33

October 3 6.12

November 3 6.12

December 7 14.39

4.5 Damage Caused by Earthquakes

The survey of damage caused by earthquakes is 
commonly one of the important seismological subjects, 
not only for scientific studies but also for the public and 
the government. Included also in Table 1 are the sim-
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ple reports of damage caused by earthquakes, includ-
ing the number of deaths, the number of injuries; the 
number of houses collapsed, and the number of houses 
damaged. Since some events happened offshore, they 
did not cause damage or only caused minor damage in 
the inland area. It can be seen that more damage was 
caused by the earthquakes which occurred in west-
ern Taiwan than that done by the events which hap-
pened in eastern Taiwan. Cheng and his co-authors [26]  
also addressed the same point, not only for larger-
sized earthquakes but also for smaller-sized ones.

We compare the damage between one event, i.e., 
No. 02 or the 15 April 1909 Taipei earthquake, and 
four events, i.e., Nos. 04, 07, 32, and 33. The five events 
are all deep ones and occurred on the northward sub-
ducted slab of the Philippine Sea plate. The first one 
occurred inland and was beneath the Taipei area, while 
others happened offshore. Table 1 shows that the dam-
age caused by the first event was much higher than 
the total damage done by others. Two deep events, i.e., 
No. 21 and No. 22 that occurred on the eastward sub-
ducted slab of the Eurasian plate, produced only minor 
damage. In addition, numerous earthquakes that hap-
pened near or to the east of the eastern coast produced 
only small damage or even did not cause damage. 
On the other hand, two inland earthquakes (i.e., No. 
19 and No. 45) which was the 1935 Ms7.3 Hsinchu-
Taichung earthquake [1,21,36,113–115] and the 1999 Ms7.6 
Chi-Chi earthquake [14,76], respectively, were disastrous. 
The faults on which the two earthquakes ruptured are 
mostly in the areas where there are cities and large 
towns with high population densities and a large num-
ber of buildings and civil structures. Consequently, the 
two earthquakes caused serious damage, especially on 
the western side of central Taiwan. Hence, since 1900, 
the two earthquakes have been the most disastrous 
ones in Taiwan. In addition, numerous inland earth-
quakes with Ms < 7 also produced remarkable damage. 
We may compare the damage between the 1999 Ms7.7 
Chi-Chi earthquake that occurred in western Taiwan 
and the 2024 Ms7.8 offshore Hualien earthquake that 
happened in eastern Taiwan. Although their magni-
tudes are similar, the damage caused by the former is 
much higher than that done by the latter (see Table 
1). In comparison between the damage caused by the 
2024 Hualien earthquake and that done by the October 
1951 Hualien earthquake sequence having three Ms > 7, 
the damage is smaller for the former than for the latter. 
This may be due to improvements in building design 
and technology from 1951 to date. 

Three major reasons might result in the differ-

ence in damage between the earthquakes occurring 
in western Taiwan and those in eastern Taiwan. First, 
numerous earthquakes occurring in eastern Taiwan 
are offshore and thus houses, buildings, and civil 
structures are far away from the epicentral area where 
ground motions are usually high. Secondly, the number 
of houses, buildings, and civil structures is, on average, 
much larger in western Taiwan than in eastern Taiwan. 
Thirdly, geological surveys show that the sedimentary 
layers are commonly much thicker in western Taiwan 
than in eastern Taiwan [116]. Meanwhile, the seismic-
wave velocities in the shallow depths are lower in 
western Taiwan than in other areas [64-69]. Low-velocity 
sedimentary layers can yield nonlinear effects [117–122], 
including strong site amplification, liquefaction, etc., 
which may strengthen the surface ground motions, 
thus being able to yield more damage. These three rea-
sons might result in higher damage in western Taiwan 
than in eastern Taiwan. 

Numerous researchers [123–125] observed that the Q-
values of seismic-wave attenuation in Taiwan are the 
smallest in western Taiwan. The smallest Q-value will 
yield the highest loss of energy of the seismic waves. 
This will make the seismic waves decay fastest for the 
smallest Q-value. Hence, the seismic waves will decay 
fastest in western Taiwan. This would be a significant 
factor in reducing seismic risks in the area, otherwise, 
the earthquake-induced damage could be higher than 
reported.

5. Conclusions
Forty-nine Ms ≥ 7 instrumentally-recorded earth-

quakes that occurred in the Taiwan region from 1906 
to 2024 are compiled by Wang and Kuo [24] and other 
literature. Included also are seven historical events 
whose magnitudes were estimated by Tsai [18]. The 
currently used moment magnitude, Mw, is also evalu-
ated for each instrumentally-recorded event. The dif-
ferences between Ms and Mw show Ms ≥ Mw almost for 
all events. This might be due to the reason that the 
amplitudes at long periods of several hundred seconds 
are smaller for observational displacement spectra 
than theoretical ones for Taiwan earthquakes. Several 
groups of earthquakes formed the ‘doublets,’ ‘triplets,’ 
and ‘quadruplets.’ The spatial distribution of earth-
quakes demonstrates that most of the events occurred 
near the coastal line or offshore in eastern Taiwan and 
only a few inland events happened in western Taiwan. 
The time series of earthquakes shows irregular recur-
rence behavior with aperiodicity and multifractality 
and it was generated by the Poisson processes with a 
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weak memory effect. The shortest inter-occurrence 
time between two consecutive events is less than 1 
day; while the longest one is 5742 days. The average 
inter-occurrence time somewhat increases with time. 
The occurrences of Ms ≥ 7 earthquakes are the most 
active in April, September, the second most active in 
December, and the least active in May and August. The 
damage caused by inland earthquakes is much higher 
than that done by offshore ones. Numerous offshore 
events did not produce damage on the inland areas 
and thus they were not reported in historical docu-
ments. The damage caused by earthquakes occurring 
in western Taiwan is much higher than that done by 
those happening in eastern Taiwan.
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