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Abstract 

Eastern Taiwan overlies a suture zone between the Eurasian Plate and the Philippine Sea Plate and is characterized 
by frequent earthquakes, often resulting in significant disasters. Notably, the region exhibits characteristics such 
as a high frequency of earthquakes and a short recurrence period for intense seismic events. While prior research 
has explored seismic b values across various periods in Taiwan, detailed investigations of the b value in the eastern 
region are lacking. This study employs the earthquake catalog compiled by the Taiwan Central Weather Administra‑
tion to analyze spatial–temporal variations in b values in eastern Taiwan. The analysis encompasses seismic events 
occurring between January 1996 and June 2019. The seismic catalog is divided into three distinct time periods related 
to large seismic events: period I, 1996–2003 (the Chengkung earthquake); period II, 2003–2013 (the Ruisui earth‑
quake); and period III, 2013–2019 (the Hualien earthquake). Our results indicate that most seismic events with a mag‑
nitude greater than 6 are associated with low b values. The overall b value increases during period II and then 
decreases substantially during period III. Although the estimated b values changed slightly, but the uncertainty in b 
values remained stable in this study. The epicenters of large earthquakes often overlap with areas with lower b values, 
especially in plate suture zones, which means that areas with lower b values usually have a higher probability of larger 
earthquakes. Given the extremely high potential for a catastrophic earthquake, mitigating measures should be 
adopted at all times.
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Graphical Abstract

1  Introduction
The seismic b value derived from the Gutenberg–Richter 
relation (1944), a fundamental parameter in earthquake 
studies, has been extensively employed to assess various 
aspects of seismic activity. It is recognized as an indicator 
of stress state, material properties, and fluid conditions 
in various tectonic regimes (e.g., Farrell et al. 2009; Ger-
stenberger et al. 2001; Tormann et al. 2014; Wiemer et al. 
1998; Yeh et  al. 2021). Furthermore, a decrease in the 
seismic b value serves as a precursor to a strong earth-
quake (Gulia et al. 2016; Nanjo and Yoshida 2018; Schurr 
et al. 2014; Tormann et al 2014; Wiemer and Wyss 1997; 
Yeh et al. 2021), making it a crucial parameter for earth-
quake forecasting, and it is widely used in seismic haz-
ard assessment (Marzocchi and Sandri 2003; Mazzotti 
et  al. 2011). The seismic b value is negatively correlated 
with differential stress (Scholz 2015; Raub et  al. 2017). 
Numerous studies have been conducted to map asperi-
ties (areas with low b values) by determining the hetero-
geneity of seismic b values in subducted plates and active 
fault zones (Chen et al. 2023; Raub et al. 2017; Sobiesiak 
et al. 2007; Wyss et al. 2000; Zhao and Wu 2008). Recent 
studies, such as those of Tormann et al. (2015) and Raub 
et  al. (2017), have demonstrated that temporal–spatial 

variations of the b value prior to and after large earth-
quakes can be an essential indicator of changing stress 
states in seismogenic zones (e.g., Yeh et al. 2021).

Taiwan is located in the vigorous collision zone 
between the Philippine Sea Plate and the Eurasian Plate. 
The region is profoundly influenced by the subduction 
systems of the Ryukyu Trench and Luzon Volcanic Arc 
and is prone to significant seismic activity (Fig. 1). Typi-
cally, for every ten seismic events that occur in Taiwan, 
five events occur in eastern Taiwan, according to the Tai-
wan Central Weather Administration (CWA) reports. 
The most notable and devastating earthquake in eastern 
Taiwan occurred in 1920, with a local magnitude ML of 
7.7 (e.g., Theunissen et al. 2010). Given such high seismic 
potential, understanding the seismogenic characteristics 
of eastern Taiwan is fundamentally important. A distinct 
geological feature known as the Longitudinal Valley Fault 
(LVF), an active suture fault of the Luzon Volcanic Arc 
of the Philippine Sea Plate and the Chinese continental 
margin of the Eurasian Plate, is present in eastern Tai-
wan. Earthquakes often occur along the LVF, and under-
standing the seismogenic characteristics of the LVF is of 
utmost importance. Several studies have dedicated efforts 
to investigating crustal deformation and segmentation to 
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characterize seismogenic features along the LVF (Yu and 
Kuo 2001; Peyret et al. 2011; Chen et al. 2020). Numer-
ous geoscience researchers (Chan et al. 2012; Chen et al 
2023; Cheng and Yeh 1989; Hui et  al. 2020; Kim et  al. 
2005; Tsai et al. 1981; Wang 1988; Wang et al. 2015, 2016; 
Wen et al. 2022; Wu et al. 2013) have investigated the b 
value of earthquakes in different periods for the whole or 

part of the Taiwan region, yielding b values ranging from 
0.8 to 1.2 (Wu et al. 2018). In recent years, with techno-
logical advancements, both the quality and quantity of 
earthquake recordings have increased annually. To com-
prehensively grasp the latest information regarding areas 
where earthquakes may cause damage and what counter-
measures may be implemented to mitigate earthquake-
induced disasters, this study utilizes the earthquake 
catalog compiled by the CWA. Based on the seismic b 
value theory proposed by Gutenberg and Richter (1944), 
our primary objectives are to identify the spatial distri-
bution characteristics of b values in eastern Taiwan and 
to analyze variations in b values to understand the tec-
tonic structure and the relationship between b values and 
seismogenic zones. Finally, we will integrate and compare 
studies from other fields of geological science, aiming 
to enhance understanding of the geology, earthquakes, 
and b values in eastern Taiwan and provide constructive 
information for future earthquake disaster prevention.

From the results of geodetic and geological data anal-
ysis, the northern segment of the LVF is identified as a 
locking zone (Huang et  al. 2010), encompassing the 
Milun Fault (MLF) and the Lingding Fault (LDF). The 
most recent significant earthquake in this area was the 
2018 Hualien earthquake (ML 6.2). In contrast, the south-
ern segment functions as a creeping zone during inter-
seismic periods and includes the Chihshang Fault (CSF), 
Lichi Fault (LCF), and the Luyeah Fault (Fig. 1). The most 
noteworthy earthquake in this segment was the 2003 
Chengkung earthquake. The central segment of the LVF, 
where the Yuli Fault (YLF) and the Ruisui Fault (RSF) 
occur, experiences fewer earthquakes (Fig. 1). The suture 
zone between the Eurasian Plate and the Philippine Sea 
Plate occurs in the center of the study area, where sedi-
mentary rocks and alluvial sediments predominate. The 
northern region of the LVF is governed by a reverse 
faulting mechanism with a left-lateral slip component 
along the northeast–southwest direction. The CSF (in 
the central part of LVF) has been responsible for several 
large earthquakes in the past, such as the 1951 Hualien–
Taitung earthquake sequence (Cheng et  al. 1996), 1990 
Hualien earthquake sequence (Lee et al. 2011). However, 
after these significant earthquakes, the CSF’s inter-seis-
mic activity mode has been dominated by creeping in the 
shallowest part of the crust around 2  km, as is still the 
case. The CSF is part of a submerged active fault exhib-
iting non-coseismic deformation and rupture. In other 
words, the deformation and rupture occur very slowly 
without an earthquake, continuously releasing energy. 
According to GPS data, the CSF and the entire LVF con-
tribute 24% and 37%, respectively, of the total compres-
sion of Taiwan between the two plates, with a shortening 
rate of 2–3 cm/yr (Angelier et al. 2000). Geodetic survey 

Fig. 1  Geological setting of east Taiwan. Blue triangles represent 
CWASN stations. Red and yellow stars indicate seismic events 
with a magnitude >  = 6. Red stars denote events before the 2018 
Hualien earthquake, while yellow stars represent events 
after the 2018 Hualien event. The red rectangle in the inset map 
outlines the study area. The red solid lines indicate major faults 
in the study area
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results and earthquake locations suggest that the north-
ern section of the Longitudinal Valley (LV) is associated 
with sliding extension (in a NE–SW direction), parallel 
to the plate boundary, while the southern section experi-
ences collision and extrusion perpendicular to the plate 
boundary (NW–SE direction) (Yu and Lee 1986).

Due to the impact of the arc-continent collision, the 
eastern Taiwan is subjected to immense stress, causing 

the strata to deform easily and fracture with disloca-
tions, leading to earthquakes. Consequently, earthquakes 
are frequent and strong in this area, as seen in the 2003 
Chengkung earthquake (ML 6.4), the 2013 Ruisui earth-
quake (ML 6.4) in Hualien, and the 2018 Hualien earth-
quake (ML 6.2) off the coast of Hualien. According to the 
CWA report, the 2018 Hualien earthquake appears to 
have triggered a series of subsequent earthquakes with 
ML > 6 up until 2022 (Fig. 1 and Table 1). Therefore, this 
study is particularly concerned with the impact of seismic 
activity in the LV before 2018 on subsequent earthquake 
ruptures. Figure  2 depicts seismicity, depth histogram 
and energy distribution in east Taiwan. The energy is 
derived by converting magnitude using the equation 
(Okal 2019):

where E (in ergs) is the energy and ML is the local 
magnitude.

Most of the observed seismic events occur along the 
collision boundary and the LVF, resulting in the highest 
energy release in these locations. Furthermore, in this 
study, we aim to investigate the spatiotemporal distri-
bution of seismic b values to infer their relation to the 
seismogenic characteristics of the LVF. Analyzing the 
short-to-medium-term variations of the seismogenic 

logE = 11.8+ 1.5ML

Table 1  Seismic events with a magnitude greater than 6 
occurred in the study area after 2018

Date Time Lat Lon Depth (km) ML

2019-04-18 05:01:07.11 24.0543 121.5592 20.33 6.32

2019-08-07 21:28:03.56 24.4363 121.9097 24.15 6.24

2021-04-18 14:14:37.80 23.8592 121.4800 14.42 6.26

2022-03-22 17:41:38.85 23.3985 121.6118 25.73 6.70

2022-03-22 17:43:25.40 23.4230 121.4277 22.63 6.21

2022-03-22 20:29:59.12 23.4190 121.4300 22.57 6.04

2022-06-20 01:05:07.78 23.6855 121.4543 7.00 6.09

2022-09-17 13:41:19.11 23.0840 121.1608 8.61 6.60

2022-09-18 05:19:19.39 23.1305 121.1817 12.13 6.15

2022-09-18 06:44:15.25 23.1370 121.1958 7.81 6.83

2022-09-19 02:07:45.11 23.4410 121.2995 13.38 6.02

2022-12-15 04:03:16.42 23.7787 121.8450 16.30 6.51

Fig. 2  a Seismicity in eastern Taiwan from January 1991 to June 2019, b statistical map of focal depth and number of earthquakes in eastern 
Taiwan. The horizontal axis represents the earthquake depth, and the vertical axis represents the number of earthquakes (× 104) and c energy 
distribution in eastern Taiwan
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zone in eastern Taiwan during seismic activity is benefi-
cial for assessing future earthquake hazard potential.

2 � Data and analysis
Conducting seismic b value research necessitates metic-
ulous consideration of the impacts of clustered events 
and aftershocks accompanying significant earthquakes. 
Failure to account for these dependencies in the original 
earthquake catalog may yield distorted results, under-
mining the representativeness of seismic b values as an 
evaluative metric. To distinguish such dependencies from 
independent seismic activity and thus mitigate this issue, 
a declustering step is necessary prior to seismic b value 
analysis to eliminate the influence of repeated events, 
particularly aftershocks.

The seismic b value, according to the Richter and 
Gutenberg Law (1944), is expressed as

where N is the cumulative number of events with a mag-
nitude greater than M, and a and b are constants. The 
constant “a” is related to the seismicity of a region and “b” 
is known as seismic b value. The ZMAP software pack-
age, developed by Wiemer (2001), was employed for 
deriving the distribution of seismic b values. Initially, we 
applied the declustering technique proposed by Reasen-
berg (1985) to the seismic catalog to eliminate the effects 
of clustered events and aftershocks associated with large 
events. Given that aftershocks do not adhere to the Pois-
son distribution within a small region and over a short 
period, their removal from an earthquake sequence is 
necessary. After eliminating clusters and aftershocks, a 
catalog of independent earthquakes was obtained (see 
Fig.  3a, b). The input parameters for removing clusters 
and aftershocks are outlined as follows. The forecast time 

logN = a−bM

Fig. 3  a Seismicity before (left panel) and b after (right panel) declustering. The scale number is the logarithmic value of the number 
of earthquakes per square kilometer. c Relationship between the cumulative number of earthquakes and time from January 1996 to June 2019. 
The horizontal axis in the figure is time, and the vertical axis is the cumulative number of earthquakes. The blue (before de-clustering) and red 
(after de-clustering) solid lines are the cumulative earthquake events at the corresponding time. The yellow asterisk marks earthquake events 
with the magnitude greater than 6
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for non-cluster events was set at 1 day, and the maximum 
forecast time for cluster events was 10  days. Especially 
in Reasenberg (1985), the formula (14) for confidence 
interval P = 0.95, since it is proportional to time t, the 
time that must be waited to observe the next event in the 
sequence with reasonable confidence is infinite. An ideal 
upper limit for (for large t) would be a value inversely 
proportional to the local background rate of seismic-
ity. However, in this formula, a fixed limit of < 10 days is 
used. These simplifications are made for computational 
efficiency and appear to have little impact on the results. 
Actually, it is not easy to determine the forecast time of 
an earthquake. Several studies (Mignan 2015; Reasen-
berg 1985) had shown that the aftershocks of earth-
quakes with M ≥ 3 last for about 10–12 days. Therefore, 
this study tested different forecast times, but based on 
past analysis experience, 10  days is still an appropriate 
value. A clustered event was defined as an earthquake 
sequence with long-term aftershocks, with a detection 
probability for the next event in the sequence set at 0.95, 
and the effective minimum magnitude of completeness of 
the earthquake catalog was 1.5. For the spatial definition 
range of seismic clusters, the interaction radius among 
related earthquake events was set at 10 km with the epi-
center error is 1.5 km, and the focal depth error is 2 km 
(Wiemer 2001). Figure  3a, b illustrates the distribution 
of events before and after the declustering procedure. In 
the figures, the earthquake density increases as the color 
gradually shifts to red, and vice versa. The scale number 
represents the logarithmic value of the number of earth-
quakes per square kilometer. Besides, looking at the rela-
tionship between the cumulative number of earthquakes 
and time (see Fig.  3c), we can see that the cumulative 
number of earthquakes increases roughly linearly with 
time. From this, we can conclude that the earthquake cat-
alog in the study area has high integrity.

The minimum magnitude of completeness (Mc) is a 
very important parameter in b value estimation. Mc is 
defined as the effective minimum magnitude at which 
100% of earthquakes are detected across temporal and 
spatial scales, and it is very important to estimate this 
parameter because it has practical significance in the 
analysis of seismic activity, particularly for calculating 
seismic b values (Wiemer and Wyss 2000; Yadav et  al. 
2009). The determination of Mc is often contingent upon 
the seismograph density within an area; the greater the 
density, the greater the ability to detect smaller earth-
quakes. Mc also exhibits temporal variations influenced 
by changes in observational instruments and earthquake 
catalogs. Therefore, a systematic analysis of the earth-
quake catalog was carried out. To assess the reliability of 
the earthquake catalog used in this study, the maximum 
curvature method, referred to as the MAXC method 

(Wiemer and Wyss 2000), was employed to calculate 
the spatial distribution of Mc as it is fast and straight-
forward (Wiemer and Wyss 2000). We should take a 
note of that the MAXC method usually underestimate 
the Mc as mentioned in Zhou et  al. (2018), which may 
lead to underestimate b values, with uncertainties vary-
ing between 0.2 and 0.04. We reasoned that only enough 
sample sizes would allow reliable estimates of Mc to be 
obtained. The temporal and spatial distribution of Mc are 
illustrated in Fig. 4.

We applied the spatial grid analysis technique pro-
posed by Wiemer and Wyss (2000) to the earthquake cat-
alogue compiled by the CWA from January 1996 to June 
2019 for seismic b value estimation. An appropriate grid 
spacing was selected, and the study area was divided into 
equal spacings of 0.1° × 0.1° grid elements. By designating 
the center point of each grid cell as the center of a circle 
and selecting earthquakes larger than Mc within a certain 
radius to represent the seismicity of each grid cell. By try-
ing various radiuses to test the uncertainty of estimated 
b values, this research finally derived a constant radius of 
R = 7 km to identify seismic events, and the calculated b 
value is basically consistent with the surface geometry of 
the fault rupture zone, which can meet the needs of ana-
lyzing b value and stress changes. To stabilize the calcu-
lation results, the number of earthquake samples larger 
than Mc in each grid was at least 50. Subsequently, we 
used the maximum likelihood method to estimate seis-
mic b values. Furthermore, the bootstrapping approach 
(bootstraps = 1000) was used in the uncertainty test. 
Moreover, the estimated value was taken as the mater-
nal sample for multiple repeated sampling, which gave a 
highly reliable seismic b value. If the number of qualified 
seismic samples in a grid was less than 50, seismic b value 
calculation was not performed due to low reliability, and 
the result is displayed as blank on the b value distribution 
map.

The original earthquake events totaled 358,158 within 
the study area. After excluding earthquake clusters and 
repeated events, 171,913 independent earthquakes were 
included in this study. To prevent outlier or low-quality 
data from affecting b value estimation, the depth and 
time of the earthquakes were carefully screened. In the 
selection of the depth segment, considering that seis-
mic events in the study area are primarily concentrated 
in the depth range 0–40  km (see Fig.  2b), only a small 
number of earthquakes are below 40 to 70  km. Since 
earthquakes with less than 40  km are in great propor-
tion, we then only discuss the b value estimation less 
than 40 km. To investigate seismic b values and potential 
seismogenic belts in the shallow and extremely shallow 
strata, we focused on the time period delineated by the 
variations of Mc over time (see Fig.  4). Before 1996, Mc 
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exhibited a relatively large range, fluctuating between 2 
and 3. This was caused by the low density of recording 
instruments, limiting their ability to detect small earth-
quakes. From 1996 to 2011, with the replacement of 
older seismometers and the increasing density of seis-
mic stations, Mc ranged between 2 and 2.5. Moreover, 
the variation tends to be gentle. After introduction of the 
high-precision seismograph with a 24-bit dynamic range 
in 2012, Mc values were lower than 2, and the ability to 

detect small-magnitude earthquakes improved substan-
tially. To ensure that a significant variation in Mc does 
not affect seismic b value estimation, this study exclude 
seismic events with a smaller Mc in the period from 
January 1996 to June 2019 in the earthquake catalog. 
The catalog was divided into three time periods accord-
ing to their temporal occurrence associated with large 
seismic events: (I) 1996/01–2003/03, prior to the 2003 
Chengkung earthquake (10 December 2003, ML 6.4); (II) 

Fig. 4  a Temporal variations and b spatial distribution of Mc used to estimate b values in the study area
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2003/03–2013/03, prior to the 2013 Ruisui earthquake 
(31 October 2013, ML 6.4); (III) 2013/03–2019/06, before 
and after the 2018 Hualien earthquake (6 February 2018, 
ML 6.2). One of the reasons that we divided different time 
intervals to calculate Mc and b values in each period is 
to keep the earthquake catalog relatively uniform, thus 
the Mc in each period can fit well. This is also guaran-
teed to reduce the effect of Mc underestimation using the 
ZMAP.

3 � Results and discussion
As indicated by the distribution map of Taiwan’s seis-
mic b values at 0–10 km and 10–20 km (Wu et al. 2018), 
the seismic b values in the eastern Taiwan area are rel-
atively low, ranging from 0.6 to 1.1 on the north side of 
the Central Mountain Range (CMR). In addition, Chan 
et al (2012) and Wang et al. (2015) noted that the average 
seismic b value in eastern Taiwan is approximately 0.9. 

Chan et al (2012) obtain the b value in the source areas 
of large earthquakes is around 0.90–0.93. Therefore, the 
value of 0.9 is suitable and applicable for east Taiwan. In 
this study, a b value less than 0.9 is termed a low b value, 
while a b value greater than 0.9 is referred to as a high b 
value. The seismic energy map of the study area (Fig. 2b) 
reveals a high-energy area extending along the eastern 
coastline of Taiwan, which is consistent with the collision 
boundary of the two plates. Thus, large earthquakes often 
occur in this zone. In addition, this region is an area with 
frequent stress accumulation and release.

3.1 � Temporal variations of seismic b values
Figure  5a–c illustrates the overall average b values for 
each period, while Fig. 5d presents the statistical results 
of estimating b values in each period. Analyzing the dis-
tribution of these three time periods (with a depth range 
of 0–70 km), the distribution of b values exhibits a high 

Fig. 5  a Frequency–magnitude plot for period I; b frequency–magnitude plot for period II; c frequency–magnitude plot for period III; d statistical 
results for each period
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degree of fitting with the cumulative number of earth-
quakes, and the standard deviation is small, indicating 
high reliability. As illustrated in Fig.  5d, from period I 
to period III, the b value and a value first increase and 
then decrease. Thus, from period I to period II, energy 
was released by earthquakes in eastern Taiwan, causing a 
slight increase in the b value. From period II to period III, 
the b value decreases to 0.799, and the a value also drops 
sharply, indicating a significant decrease in seismicity. 
The reduced number of earthquakes may indicate that 
the stress energy within the crust rapidly accumulates 
during this period.

The spatial distribution of b values from depth rang-
ing from 0 to 70  km are illustrated in Fig.  6. Figure  6a 
shows the spatial distribution and the related standard 
deviations for period I. The lowest b value is approxi-
mately 0.627, and the low standard deviation distribu-
tion denotes high confidence. Low b values are located in 
the northern LV and offshore eastern Taiwan, varying in 
the NW–SE direction. Four large earthquakes occurred 
offshore during this period. Seismic events with a mag-
nitude ≥ 4 mainly occurred near the coast in the north-
ern Hualien area (indicated by white circles). Figure  6b 
presents the seismic b values and the related standard 
deviations in period II. The average b value is 0.816, with 
the lowest b value being 0.558. During this period, most 
areas show low standard deviations, and only the north-
ern boundary of the study area shows higher values. The 
b value along the LVF is generally higher than that in 
period I. Notably, locations of earthquakes with a mag-
nitude > 6 were mainly distributed along the low b value 
area of period I, and seismic events with a magnitude ≥ 4 

mainly still occurred offshore of eastern Taiwan. It is 
worth noting that the central LVF, near the Ruisui area 
begin to show lower b value at period II. The variations 
in seismic b value and the related standard deviation in 
period III are illustrated in Fig.  6c. The average b value 
during this period is 0.799, while the lowest value is 
0.470. Most regions during this period also exhibit low 
standard deviations, demonstrating high reliability. Dur-
ing this period, the b values decrease more substantially 
than during the previous two periods, especially along 
the LVF and offshore eastern Taiwan. Seismicity during 
this period also decreased substantially before the occur-
rence of the 2018 Hualien earthquake, indicating that 
stress was building up until the occurrence of this earth-
quake. Furthermore, we observed that for all three time 
periods, most events greater than 6 occurred in the low b 
value region.

3.2 � Seismic b value profiles
Regarding the cross sections, the choosing conditions are 
close to the three epicenters and within the aftershock 
activity range of its mainshock. However, the goal of our 
selection is to discover the depth changes of the b value 
in the seismogenic areas of these earthquakes. In this sec-
tion, we examine b value profiles across the LVF (AA’; 
BB’; CC’) and along the fault (DD’). The location of each 
profile is displayed in Fig. 7. Figure 8a illustrates b value 
profiles from south to north across the LVF during period 
I. Several features are visible from the EW running pro-
files. First, beneath the MLF, the LDF, as well as the LCF, 
an east-dipping low b value region exists. Moving from 
north to south, seismic events with a magnitude greater 

Fig. 6  Temporal variations of seismic b values in east and offshore Taiwan. The left panel illustrates b value distribution, and the right panel 
represents standard deviation for (a) period I, (b) period II, and (c) period III
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than 5 (indicated by larger white circles) all occurred in 
the low b value region, except for profile BB’. Several seis-
mic events in the region exhibited a b value ranging from 
0.9 to 1.0. Figure  8b shows the corresponding b value 
profiles during period II. The depth of the low b value 
region ranges from 40 to 50 km. The low b value region 
maintains an east-dipping trend in the profiles perpen-
dicular to the LVF. Notably, a low b value region exists 
from a depth of 30 to 60  km, indicating stress hetero-
geneity at deeper depth. The low b value region persists 
right beneath the MLF, the LDF, and the LCF from north 
to south. These features suggest a somewhat connec-
tion between the low b value region and the fault zones. 
Finally, Fig.  8c presents the b value profiles for period 
III. As observed, all profiles exhibit a prominent low b 
value over a much broader area. For the profile along the 
LVF, the low b value feature extends to a depth of 70 km 

especially in the north. Overall, the profiles along the LVF 
during the three periods show a significant low b value in 
the middle part of the LVF, where the RSF and YLF are 
located. Especially, during period III, the b value for this 
area is much lower than in the previous two periods. This 
feature may indicate a significant change in the stress 
state in a location where the seismic potential is high.

4 � Implications
The 2018 Hualien earthquake caused significant damage 
and casualties in Hualien city, making it one of the most 
notable seismic events since the 1951 earthquake sequence 
(Chen et al. 2008). Here, we inspect the stress state prior to 
the 2018 Hualien earthquake. Figure 9 illustrates the dis-
tribution of b values for period III, which includes M > 6 
events after 2018 (Table 1). These earthquakes are all dis-
tributed along the low b value areas in eastern Taiwan. In 
addition, Chen et  al. (2023) precisely pointed out the b 
value anomaly just days before the occurrence of the 2018 
Hualien earthquake, which is an important precursory. 
Although our b map shows years before the occurrence 
of the 2018 Hualien earthquake, our results are consist-
ent with their findings, that is low b value indicates future 
occurrence of a large earthquake. However, two promi-
nent low b value regions are clearly indicated in the north-
ern and the middle of the LVF near the Ruisui area where 
the area is locked (e.g. Huang and Wang 2022) with low 
energy release (Fig. 2), which may indicate future rupture 
of a large earthquake and offshore eastern Taiwan. In addi-
tion, one possible interpretation regarding the correlation 
of low energy and low b value in the central Longitudinal 
Valley is that there is a long time that no large earthquake 
occurs near the Ruisui area till the 2013 Ruisui earthquake 
occurred, which leads to low energy release. In addition, 
low b value also imply high stress concentration, which can 
indicate that for future rupture of a large earthquake. Fur-
thermore, subsequent to the 2018 Hualien earthquake, the 
majority of seismic events during the 2022 Hualien earth-
quake swarm occurred along the LDF, the northern seg-
ment of the LVF, which is characterized by lower b values. 
Moreover, the 2022 damaging Yuli earthquake (ML 6.6), 
which caused significant damage, occurred precisely in the 
central region with lower b values offshore eastern Taiwan 
(Fig. 9).

The seismic b value analysis conducted in eastern and 
offshore Taiwan generally indicates that a low seismic b 
value corresponds to a smaller number of large earth-
quake events, while a high seismic b value corresponds to 
a larger number of smaller earthquakes. Furthermore, a 
low b value region can be referred as an asperity directly. 
Scholz (2015) and Wu et al. (2018) remarked the b value 
is related to stress state of a region. With the definition 
of an asperity is an area with high stress. Sobiesiak et al. 

Fig. 7  Locations of profiles, AA’, BB’, and CC’ across the LVF and profile 
DD’ along the LVF
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Fig. 8  a Seismic b values cross sections for period I; b seismic b value cross sections for period II; c seismic b value cross sections for period III. 
Smaller circles indicate 4 ≤ M < 5 events, and larger circles represent 5 ≤ M < 6 events. White stars denote events with a magnitude greater than 6
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(2007) and Wimer and Wyss (1997) also mentioned that 
an asperity is corresponding to low b value anomaly.

In addition, the seismic b value is depth-dependent, 
with a pronounced asperity observed in the north of the 
LVF at shallow depths (profile D–D’, in period I and period 
II) and another asperity located in the middle of the LVF 
at greater depths, as depicted along profile D–D’ during 
period II and period III. Spatial–temporal variations in 
seismic b values reveal a segmentation, indicating vary-
ing stress states along the LVF and offshore Taiwan from 
north to south. The strong asperities are located in the 
north and the central part of eastern Taiwan, which are 
classified as locking zones. Notably, the spatial variations 
of b values before the occurrence of the 2018 Hualien 
earthquake reveal two prominent asperities in the north 
and middle of the LVF and offshore Taiwan. As shown 
in Fig. 9, after the 2018 Hualien earthquake, three events 
occurred in the Yuli area, precisely within the asperity. In 
2022 alone, nine earthquakes with a magnitude greater 
than 6 occurred in the study area (Fig. 9). This phenom-
enon indicates an unusual energy release situation, as 
indicated by the distribution of b values (see Figs. 6c and 
8c). Another major fault in the LVF system is the west-
dipping Central Range Fault (CRF), whose surface fault 
trace is not clearly evident and whose precise location 

remains contentious. The CRF is considered to represent 
the boundary between the CMR and the LV. In addition, 
seismic tomography reveals a complex geometry of the 
boundary between the CMR and the Luzon volcanic arc 
system, which varies slightly from south to north. The 
boundary may not necessarily correspond to the foot of 
the eastern edge of the CMR on the surface. Geological 
surveys and geophysical data suggest that it may be a blind 
fault, particularly in the northern section of the LV. How-
ever, findings from the Guanshan–Chishang earthquake 
sequence in 2022 indicate a close relationship between its 
rupture and the CRF (Lee et al. 2023). Furthermore, based 
on the recent b value distribution depicted in Fig. 6c, the 
CRF is situated in the low-b value region. Consequently, 
the CRF emerges as a pivotal seismogenic structure in 
eastern Taiwan that warrants close monitoring.

5 � Conclusions
The eastern region of Taiwan is located at the junction 
of the Eurasian Plate and the Philippine Sea Plate and 
experiences severe seismic activity. A historical analysis 
of earthquakes in Taiwan highlights the prevalence of 
significant seismic events in this region. Based on the 
seismic b values and the seismogenic characteristics of 
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eastern Taiwan, the main conclusions of this study are 
as follows:

1.	 Epicenters of earthquakes with magnitudes greater 
than 5 typically overlap with areas exhibiting low 
b values (the larger the magnitude, the higher the 
degree of overlap), indicating that regions with lower 
b values generally have a higher probability of larger 
magnitude seismic events.

2.	 The spatial–temporal distribution map of b values 
in eastern Taiwan during period III indicates that 
the stress state near the MLF and the LDF is com-
plex, considering that numerous medium to large 
earthquakes have occurred in the past. Because the 
occurrence is frequent, the seismic b value of the 
most recent period is low, making it a high-risk area, 
meaning that this is a high-risk zone.

3.	 The DD’ section in period III reveals a low b value 
area underneath the CSF, the RSF, the YLF and the 
Chimei Fault. The current activity around the CSF 
pertains to creeping faults. Most cases involve high 
b value characteristics. The possible reason is that the 
environment of no-seismic slip or micro-earthquakes 
extends for long periods and that the number of sur-
rounding seismic stations is insufficient to detect 
small earthquakes from submerged faults, result-
ing in low b values. In addition to this area, the low 
b value region between the LCF and Green Island 
poses a potential threat for future catastrophic earth-
quakes. Furthermore, the region beneath the RSF and 
the YLF exhibits the lowest b value, indicating high 
seismic potential that warrants close attention.

4.	 The b value estimation in this study still remain 
robust when slightly changes are made to the crite-
rion for determining b values.
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