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Abstract

In recent studies, several cases have been reported in which the b value decreased in the vicinity of
the mainshock location before a major earthquake. Therefore, the b value, which represents the
characteristics of seismic activity in each region, is attracting attention because it may provide helpful
information for identifying locations where large earthquakes are likely to occur in the future. The
authors have observed the spatial distribution of b values in shallow inland areas of Japan and have
continued investigating areas with low b values. This study focused on the northern part of Tokushima
Prefecture and observed the spatial distribution of the latest b values from seismic activity up to April
1, 2024. As a result, a low b value area was observed at a depth of around 10 km in Tokushima City
and its surrounding cities. The results of the 44/C test showed no significant temporal change in the
b value in this region, but the most recent b value was as low as 0.63. Depending on the magnitude
of future earthquakes, it is possible that a significant decrease in the b value could be observed.

Therefore, it is necessary to continue to monitor future seismic activity closely.
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1. Introduction

The Gutenberg-Richter law (G-R law) (Gutenberg and Richter 1944) is an empirical rule for the
frequency distribution of earthquakes of different magnitudes in a given space-time. This empirical
law is expressed by the following equation (1), using the magnitude M (magnitude of earthquake)
and the total number N(M) of earthquakes of that magnitude or larger. The b value, the coefficient
of M in equation (1), is usually around 0.7 to 1.1 (Utsu 2001). In the time-space, where the

frequency of large earthquakes is relatively high, the b value is small.
log;o N(M) =a—bM (1)

Previous studies (Nanjo et al. 2012, Nanjo et al. 2016, Shimbaru and Yoshida 2021) have reported
that a decrease in the b value was observed near the locations that later became epicenters of large
earthquakes. These findings suggest that the b value might help identify the locations of future large
earthquakes. Consequently, there have been attempts to use real-time monitoring of the
spatiotemporal distribution of b values to predict large earthquakes (Gulia and Wiemer 2019, Nanjo
2020). The authors have observed the spatial distribution of b values in Japan's shallow inland areas
and investigated regions with low b values, such as the northwestern part of the Kego fault (Shimbaru
2023). This report describes the actual situation as of April 1, 2024, in the low b value region observed

near Tokushima City in the northern part of Tokushima Prefecture.

2. Seismic activity in the research area

Fig. 1 shows the area covered by this study. Fig. 1(a) shows the epicentral distribution of earthquakes
of M 0 or greater that occurred at shallow depths of 0~20 km during 1997/10/01~2024/03/31, and
Fig. 1(b) shows the seismic activity trends. These earthquakes' location, magnitude, and occurrence
time were obtained from the Japan Meteorological Agency's earthquake catalog. No notable seismic
activity has occurred within Fig. 1(a). However, further back in the past, an earthquake of M 5.6
(maximum intensity 4) occurred on 1947/01/16. In Fig. 1 (a), part of the Median Tectonic Line active
fault zone extends to the north. According to the government's long-term assessment (The
Headquarters for Earthquake Research Promotion 2017a), an earthquake of about M 7.7 is possible
in this section. In addition, the Kamiura-Nishitsukinomiya fault is known in the south. The magnitude
of earthquakes expected on this fault is about M 6.5 (The Headquarters for Earthquake Research
Promotion 2017b). Fig. 1(c) shows the magnitude-frequency distribution of earthquakes within Fig.
1(a). From this figure, the author determined that M 0.5 is the minimum size at which all earthquakes

were detected without omission and decided to use earthquakes above M 0.5 to estimate the b value.
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Fig. 1. (a) Epicentral distribution of earthquakes during 1997/10/01~2024/03/31 (M > 0, depth < 20
km). Solid lines indicate active faults. (b) Magnitude-Time (M-T) diagram with the cumulative
number of earthquakes of M > 0 in the area. (¢) Frequency-magnitude distribution of earthquakes
in the study area. The white and black circles represent incremental and cumulative frequencies,

respectively. All earthquakes with M > 0.5 are considered to be detected throughout the period.

3. Methods

The method of drawing the spatial distribution of b values in this report is based on Shimbaru (2021).
First, grid points were placed at 0.5-minute intervals (approximately 1 km) in the latitude and
longitude directions and at 1 km intervals in the depth direction. A spherical space with a radius of 4
km was set up for each grid point. The dataset consists of the last 200 earthquakes that occurred within
this space. If 200 earthquakes could not be secured by going back to 1997/10/01, the number was
assumed to be up to that time. Next, for each dataset, M. (Magnitude of completeness) was estimated
as the minimum magnitude of the earthquake that could be detected without omission. The specific
method for estimating M. followed Wiemer and Wyss (2000). That is, assuming that the magnitude-
frequency distribution of earthquakes follows the G-R law, and M. was set as the smallest size
satisfying a goodness of fit (R value) of 90 % or more with the ideal distribution. Once this M. is
estimated, the b value can be obtained from the following equation (2a) by the maximum likelihood

method (Utsu 1965). In this equation, M represents the mean of the magnitudes of earthquakes



greater than or equal to M. in the dataset. However, since M is graded in units of 4 M (=0.1), the actual

calculation must use equation (2b) to consider this bias (Marzocchi and Sandri 2003).

b =logoe/(M—M.) (2a)
b =logioe /{M— (M. —AM/2)} (2b)

In this process, if the R value did not meet 90 % or the number of earthquakes above M. was fewer
than 50, the obtained b value was considered unreliable and unknown. The estimation error o of the

b value obtained from N earthquakes over M. was calculated using equation (3) (Shi and Bolt 1982).

o = 2.30 X b2 X \/Z?’zl(Mi —MZ/N(N-1) (3)

When displaying the spatial distribution of three-dimensional b values as a plan view, the smallest
value among the b values at different depths at the same place was displayed since this report aims to

detect locations with low b values.

4. Results and Discussion

Fig. 2(a) shows the spatial distribution of b values in the study area in April 2014 and April 2024 and
the change in b values (4b) at each time point during the period concerning April 2014. The depth at
which the b value was adopted is shown in Fig. 2(b), and the M. estimated along with the b value is
shown in Fig. 2(c). The A-B cross section in Fig. 2(a) is overlaid on the distribution of seismic activity
around the Kamiura-Nishitsukinomiya fault, and the dip is vertical. The spatial distribution of b values
on the A-B cross section is shown in Fig. 2(d). In this figure, the grid points are located at intervals
of 1 km each in the horizontal and depth directions on the A-B section. The b value is calculated using
earthquakes within a space of a radius of 4 km from each grid point, with unknown locations in gray.
In locations with few earthquakes, the dataset dates back to October 1997, and the number of
earthquakes used to estimate the b value is often only 100 or so grid points. Furthermore, there are
fewer than 50 earthquakes above M. on the surrounding grids, and b values are unknown for many of
the grids. In Fig. 2(a), region 1 was set to enclose the area where the b value is lower than the
surrounding area. Within region 1, the b value appears to decrease gradually throughout the period.
Fig. 2(b) and 2(d) show that the b value is lowest around 10 km depth. During this time, M. in Fig.
2(c) hardly changes from 0.5, and the b value is obtained stably. As an example, Fig. 2(e) shows the
magnitude-frequency distribution of earthquakes used to calculate the b value at a grid point (point e
in Fig. 2(a)) in region 1 as of April 1, 2024. It shows that the minimum M. is estimated within a range

that does not deviate from the theoretical G-R law.
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Fig. 2. (a) Spatial distribution of b value from April 2014 to April 2024. The middle figures show 4b
from April 2014. (b) The depth of the grid points from which the b value was obtained. (c) M.
estimated together with the b value. (d) Spatial distribution of » value on the A-B plane. (e)
Example of the frequency-magnitude distribution of earthquakes used to calculate the b value
for a grid point.



Next, the time variation of the b value was determined using earthquakes that occurred at depths
of 0~20 km in region 1. Fig. 3 shows the evolution of seismic activity within this region and the
results of repeated calculations of b values, sliding the data set of 200 earthquakes by 40. The
horizontal lines extending from each point in Fig. 3 indicate the duration of the earthquake dataset,
and the vertical lines indicate the estimation error o. Table 1 shows the b values and M. obtained from
the data sets for each period indicated by (1) to (10) in Fig. 3. Mc is 0.5 in all cases from (2) to (10),
and the b value is generally obtained stably. To determine the significance of the time variation of the
b value, 441C was calculated from the following equation (4) according to Utsu (1999). Each variable
in equation (4) represents the number of earthquakes in the two datasets to be compared (N; and N>)
and the b values obtained from each dataset (b1 and b2). If 44IC is greater than 2, the difference in b

values is considered significant.
AAIC = =2(Ny + Ny) In(N; + N,) + 2N, In (N1 + N, ) + 2N, 1n( L NZ) —2 @
1

A comparison between periods (5) and (10), in which the data sets did not overlap, revealed a 44/C
of 1.04, with no significant change identified between the two periods. However, the b value obtained
from the most recent activity is low at 0.63, and a significant decrease in the b value may be observed

depending on the magnitude of future earthquakes.
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Fig. 3. Temporal variation of b value (upper panel) and Magnitude-Time (M-T7) diagram (lower panel)
in region 1. Each b value was obtained using 200 datasets. The Summary of b values indicated
by the (1) ~ (10) symbols is listed in Table 1.



Table 1. A summary of the b values obtained for each period in Fig. 3.

Dataset Period b value | M. AA4IC
(1) | 1997/10/21 ~2004/05/16 0.65 | 0.7 —
(2) | 2000/01/03 ~ 2005/04/07 0.65 | 0.5 —
(3) | 2001/11/01 ~ 2006/09/08 0.68 | 0.5 —
(4) | 2002/08/22 ~ 2009/06/30 0.71 | 0.5 —
(5) | 2003/11/29 ~2011/07/01 0.75( 0.5 —
(6) | 2004/05/19 ~2013/07/22 0.81 0.5 —
(7) | 2005/04/28 ~ 2014/06/30 0.73 0.5 —
(8) | 2006/09/09 ~ 2016/10/02 0.70 | 0.5 —
(9) | 2009/07/11 ~2019/05/13 0.68 | 0.5 —
(10) | 2011/07/27 ~ 2021/04/29 0.63 ] 0.5 1.04 5—(10)

S. Conclusion

This report focuses on the northern part of Tokushima Prefecture and observes the spatial distribution
of the latest b values from seismic activity up to April 1, 2024, and confirms a low b value area at
depths of around 10 km, mainly in Tokushima City and its surrounding cities. The results of the 44/C
test showed no significant temporal change in the b value in this region, but the most recent b value
was as low as 0.63. Depending on the magnitude of future earthquakes, it is possible that a significant
decrease in the b value could be observed. Therefore, it is necessary to continue to monitor future

seismic activity closely.
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