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Abstract—Seismicity has been identified as an example of a

natural, nonlinear system for which the distribution of frequency

and event size follow a power law called the ‘‘Gutenberg–Richter

(G-R) law.’’ The parameters of the G-R law, namely b- and

a-values, have been widely used in many studies about seismic

hazards, earthquake forecasting models, and other related topics.

However, the plausibility of the power law model and applicability

of parameters were mainly verified by statistical error r of the

b-value, the effectiveness of which is still doubtful. In this research,

we used a newly defined p value developed by CLAUSET et al.

(Power-Law Distributions in Empirical Data, SIAM Rev. 51,

661–703, 2009) instead of the statistical error r of the b-value and

verified its effectiveness as a plausibility index of the power-law

model. Furthermore, we also verified the effectiveness of K–S

statistics as a goodness-of-fit test in estimating the crucial param-

eter Mc of the power-law model.

1. Introduction

Since seismicity was identified as an example of

a natural nonlinear system for which the distribution

of frequency and event size in a sufficiently long

interval follows the Gutenberg-Richter (G-R) law

(i.e. a power law), the parameters of the G-R law,

including completeness magnitude Mcand b- and

a-values fitted based on Mc, have been used widely

in numerous studies focusing on seismic hazards,

earthquake forecasting models, and other related

topics (HUANG et al. 2001; CHEN 2003; SCHORLEMMER

et al. 2005; HUANG 2006; TSAI et al. 2006; WU and

CHIAO 2006; BHATTACHARYA et al. 2011; RUNDLE

et al. 2011). The ability to estimate the parameters

of the power-law model objectively was definitely

crucial to the reliability of these studies; therefore,

several techniques were developed for this purpose.

They were usually combinations of a fitting method,

mainly maximum-likelihood or least-square, with a

goodness-of-fit test. WOESSNER and WIEMER (2005)

tested the efficiencies of several techniques sys-

tematically using natural seismic catalogs. However,

the plausibility of a fitted power-law model to the

observed data set was mainly evaluated by the sta-

tistical error r of the b-value (MARZOCCHI and

SANDRI 2003), which was ruled out as an effective

index in our research.

CLAUSET et al. (2009) developed an elaborate

method combining the maximum-likelihood method

with a goodness-of-fit test based on the Kolmogo-

rov–Smirnov (K–S) statistics to compute the p value

to evaluate the plausibility of fitted power-law

model. In their test, the earthquake catalog of Cal-

ifornia was suggested to follow a power law while a

proper magnitude cut-off was used. A noticeable

point that should be emphasized here is that the

p value defined by Clauset et al. had no relationship

with the widely used p value in Omori’s law. We

used their method and another widely accepted

maximum-likelihood method developed by AKI

(1965) to the Central Weather Bureau (CWB) cat-

alog, which is another important catalog in the

world, to investigate precursory anomalies before

large earthquakes based on potential power-law

behaviors. Besides using K–S statistics as a good-

ness-of-fit test, we also combined the ‘‘Goodness-of-

Fit test’’ (GFT, WIEMER and WYSS 2000) with Aki’s

method as a comparison to investigate the effec-

tiveness of the p value as an index of model

plausibility. Through our tests, we verified that the

effectiveness of the p value was better than the

statistical error r and also concluded that the

application of K–S statistics was crucial in correctly
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identifying power-law behaviors of seismicity rather

than the fitted methods used.

2. Seismic Data

The history of instrumental observation for seis-

micity in Taiwan and nearby islands started in 1897,

when the first seismometer was set up in Taipei by

the Japanese. Since 1984 the Central Weather Bureau

(CWB) has upgraded the instruments to an electro-

magnetic type and increased the coverage of the

network by building more observation stations. After

combining the telemetric seismic network of the

Institute of Earth Sciences (IES) to the original

seismic network of the CWB in 1991, a new real-time

digital observation network was formed called the

Central Weather Bureau Seismic Network (CWBSN)

and is still maintained by the CWB.

In this research, we selected three large

(M ] 6.0) on-land earthquakes in the Taiwanese

area, including (1) the 1999 Chichi earthquake in

Nantou, (2) the 2003 Chengkung earthquake in Tai-

tung, and (3) the 2010 Jiashan earthquake in

Kaohsiung, and summarize their important parame-

ters in Table 1 (KAO and CHEN 2000; KUOCHEN et al.

2007; HSU et al. 2011). For each earthquake, we used

12 intervals of interval lengths 30, 60, 90,…,

360 days, respectively, to select seismicity. Each

interval started from the previous day before the

occurrence of the main-shock and extended back to

the past, so the aftershocks were excluded in the data

sets used in parameter computation. The purpose of

using various interval lengths was to eliminate

potential biases caused by using preferential interval

lengths subjectively.

3. Methods

3.1. Maximum-Likelihood Estimate by CLAUSET et al.

(2009)

We merely addressed major concepts about the

method developed by CLAUSET et al. (2009) here;

further details and derivations can be referred to in

other articles (NEWMAN 2005) if necessary. A quantity

x obeys a power law if it is drawn from a probability

distribution

p xð Þ / x�a ð1Þ

where a is a constant parameter called the ‘‘expo-

nent’’ or ‘‘scaling parameter’’ of the distribution. In

usual cases, there must be some lower bound xmin ,

below which the power-law behavior no longer exists

and the distribution of x belongs to other types. On

the other hand, there are also some statistical fluctu-

ations to larger values of x which are caused by the

essential property of enormously low frequency of

rare events. NEWMAN (2005) derived that once xmin

was known, the probability density of a continuous

variable x was

p xð Þ ¼ a� 1

xmin

x

xmin

� ��a

ð2Þ

and the exponent of power law distribution could be

easily estimated by

a ¼ 1þ n
Xn

i¼1
ln

xi

xmin

� ��1

: ð3Þ

The quantity xi, i = 1, 2, …, n gives the measured

values of x. The cumulative density function (CDF)

was

Table 1

Parameters of selected large on-land earthquakes in the Taiwan region

1999 Chichi 2003 Chengkung 2010 Jiashan

Date (UT) 20 Sep. 1999 10 Dec. 2003 4 Mar. 2010

Magnitude Mw 7.6, ML 7.3 Mw 6.8, ML 6.4 Mw 6.3, ML 6.4

Epicenter 23.85�N, 120.82�E 23.06�N, 121.39�E 22.97�N, 120.71�E
Focal depth (km) 8 17.73 22.64
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P xð Þ ¼
Z1

x

p x0ð Þdx0 ¼ x

xmin

� ��aþ1

ð4Þ

which also followed the power law, but with a dif-

ferent exponent, a - 1, which is the b-value of the

G-R law in the field of earth science. An estimate of

the expected statistical error r in Eq. (3) is given by

r ¼
ffiffiffi
n

p Xn

i¼1
ln

xi

xmin

� ��1

¼ a� 1ffiffiffi
n

p : ð5Þ

The relation between the estimated maximum

amplitude of an earthquake on seismograph and

magnitude is

A Dð Þ / 10ML ; ð6Þ

where A is the maximum amplitude of an event recor-

ded at an epicentral distanceD. In order to useClauset’s
method for a real earthquake catalog, we had to trans-

form all documented magnitudes in an interval of

interest to the analogies of amplitude using Eq. 6 and

use the transformed quantity as the variable x in Eq. (2),

rather than using the values of magnitude directly.

3.2. Maximum-Likelihood Estimate by AKI (1965)

The widely accepted method in the field of earth

science to estimate the parameters in the G-R law is

the maximum-likelihood method developed by AKI

(1965). In this method, the probability density

function of an earthquake with a magnitude greater

than Mc is assumed to obey an exponential distribu-

tion expressed by

f M; b0ð Þ ¼ b0e�b0 M�Mcð Þ; M �Mc ð7Þ

where b0 ¼ b=log10e: Suppose that we have a sample

of n earthquakes with magnitudes M1, M2,…, Mn.

The parameter b is estimated by

b ¼ log10e

Mh i � Mc þ DM=2
ð8Þ

where Mh i is the average magnitude of the used data

set and DM is the binning width. In Aki’s method, the

parameter Mc is implicitly assumed to be known.

However, we have to determine a suitable Mc value

to select a data set and to compute a corresponding b-

value in a real application. A statistical error in

Eq. (8) is also estimated by Eq. (5) using b instead of

a - 1.

3.3. Goodness-of-Fit Test

A noticeable point is that the exponent in each

method completely depends on an estimated data

minimum, i.e. xmin and Mc in Eqs. (3) and (8)

respectively. Thus, a good fitness-of-fit test which

collaborates with the above-mentioned methods to

determine a suitable minimum is critical. Clauset

et al. used the Kolmogorov–Smirnov (K–S) statistics

as the goodness-of-fit test, which is the maximum

distance between the CDFs and a fitted model:

D ¼ maxx� xmin
S xð Þ � PðxÞj j: ð9Þ

Here, S(x) is the CDF of the observation data with

values greater than or equal to xmin, and P(x) is the

CDF for the fitted power-law model that best fits the

data in the region x� xmin. The xmin which minimizes

D is the estimated lower bound of power-law

behavior. We used the same combination in this

research and called it C ? KS. Furthermore, the K–S

statistics was also used in the analysis applying Aki’s

method and this combination was called A ? KS.

Another test used in the analysis applying Aki’s

method was the ‘‘Goodness-of-Fit test (GFT)’’,

which was developed by Wiemer and Wyss (2000)

to compute the difference between an observed

frequency-magnitude distribution (FMD) and a syn-

thetic distribution of a fitted model. At first we

estimated the b- and a-values of the G-R law as a

function of cut-off magnitude Mco by Eq. (8), then

we generated synthetic distributions using the esti-

mated b- and a-values for M �Mco. The residual

between an observed and a synthetic distribution is

computed by

R a; b;Mcoð Þ ¼
PMmax

Mco
Bi � Sij jP
i Bi

ð10Þ

where Bi and Si are the observed and synthetic

cumulative number of earthquakes in each magnitude

bin. If the residual value R is smaller, the similarity

between an observed and a synthetic distribution is

better. Wiemer and Wyss defined the Mc as the first

Mco at which R was less than a fixed confidence level,

0.1 or 0.05.
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We set the precision of each candidate of Mc in

0.1 rather than 0.01 because 0.01 was too small

considering the measurement precision of magni-

tude of a small earthquake; therefore, it did not

make sense to use an unrealistic value as small as

0.01.

3.4. Plausibility of the Hypothesis of the Power Law

Using the methods addressed in Sects. 3.1 and

3.2, we can estimate the parameters of hypothesized

probabilistic models for each observed data set.

However, it was critical for us to know whether the

hypothetic power-law model was plausible for the

observed data set. In this research, we adopted the

approach developed by CLAUSET et al. (2009) to

generate p values to quantify the plausibility of the

hypothesis model.

The first step was to generate a synthetic data set.

For the observed data set in an interval, the total

number of observations was n, and the number of

observations greater than or equal to an estimated

xmin (i.e. Mc in this research) was ntail. With the

probability ntail=n we generated a random number xi

using the probabilistic model with x� xmin and

estimated b-value. On the other hand, with the

probability 1� ntail=n, we selected xi at random from

the observed data values that conformed the condi-

tion x\ xmin. Repeating the process for all i = 1,…,

n, we generated a synthetic data set which followed

the hypothesis model above xmin , but had the same

distribution of the observed data below xmin. Based on

Clauset’s estimation, we generated 2,500 synthetic

data sets to allow the p value to be accurate to about

two decimal digits. Once the synthetic data sets were

generated, we used the methods addressed in Sects.

3.1 or 3.2 to estimate Mc, b-value, and D or R of each

synthetic data set.

The p value was defined as the fraction of

synthetic data sets with D or R greater than the value

calculated by real observed data. If most of the

synthetic data sets had values of D or R greater than

the observed data sets and, therefore, made the

p value exceed the threshold value 0.1 (based on

Clauset’s definition), the hypothesis model was more

suitable to describe the observed data set than most of

the synthetic data sets. We concluded the hypothesis

model to be plausible for the observed data set.

Otherwise, if p\0:1, the hypothesis model was ruled

out as a plausible one for the observed data set.

However, we should emphasize again that a high

p value merely verified the plausibility of the

hypothesis model to the observed data. It did not

necessarily mean that the hypothesis model was the

‘‘correct’’ distribution for the data. It is still possible

to find other hypothesis models that are plausible to

the same data set.

4. Results

Tables 2, 3, and 4 list all estimated parameters of

optimal fitted models, including Mc, r, a-, b-, and p

value, of the data set in each interval. To compare the

a-value of each interval, we normalized all rates of

earthquake to ‘‘number per 30 days’’ and calculated

the a-value at magnitude 2.0.

4.1. Chichi earthquake, Nantou

By Table 2, we found that the methods C ? KS

and A ? KS estimated the same values of Mc except

the cases using 30-, 270-, and 300-day intervals. In

the cases with the same Mc, the b-values estimated by

C ? KS and A ? KS for the same data set had tiny

differences smaller than 0.01. A similar situation also

existed for several cases of the Chengkung earth-

quake in 2003 and the Jiashan earthquake in 2010.

These tiny differences revealed an essential differ-

ence while using Eqs. 3 or 8 to compute the b-value.

We illustrate the case using a 90-day interval in

Fig. 1a–c, in which the inverted triangles indicate the

observed cumulative FMD and the open circles

indicate the predicted cumulative FMD of fitted

power-law model using the method C ? KS,

A ? KS, and A ? G, respectively. The patterns of

predicted FMD in Fig. 1a by C ? KS and 1b by

A ? KS were highly similar by visual inspection and

both were verified as plausible power-law models to

the selected data set by their p values exceeding 0.1.

Actually, the power-law model was shown to be

plausible for all cases using the method C ? KS or

A ? KS because their p values were all greater than

0.1.
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On the other hand, the pattern of the model shown

in Fig. 1c is quite different from Fig. 1a, b. The

observed data began to deviate from the open circles

slightly at magnitude 3.3 and more apparently at

magnitude 3.8. A similar pattern, in which there were

apparent gaps between the observed FMD and

predicted FMD by model, existed generally in the

cases using A ? G for estimating parameters. The

values of Mc estimated by A ? G were much smaller

than the values estimated by other methods. Almost

all p values estimated by A ? G were smaller than

0.1, and thus revealed that the statistical distribution

of corresponding data sets did not obey the power law

except two cases using 30- and 90-day intervals. In

contrast to the performances of other methods, we

suggested that the method A ? G failed to determine

appropriate data sets of which the statistical distribu-

tions followed the hypothetic G-R law before the

Chichi earthquake.

4.2. Chengkung Earthquake, Taitung

The methods C ? KS and A ? KS estimated

the same Mc values and, therefore, very close b-

values in all cases except the one using the

120-day interval. But the values of Mc estimated

by A ? G which were in the range 1.9–2.1 were

much smaller than the values by other methods for

the cases using interval length longer than

120 days. The unique difference of Mc between

the method C ? KS and A ? KS in the case using

the 120-day interval was noticeable, and the results

are shown in Fig. 2a–c. By visual inspection, the

open circles in Fig. 2a are very close to the

inverted triangles until magnitude 4.9, when the

observed FMD fluctuates enormously and, there-

fore, clearly deviates from the predicted FMD. On

the other hand, the open circles in Fig. 2b began to

deviate from the observed FMD at magnitude 3.2,

and the open circles in Fig. 2c also clearly deviated

from the observed FMD at magnitude 3.1. The

p values revealed that the power-law model was

plausible for the data set used in Fig. 2a, but

implausible for the data sets in Fig. 2b, c with

smaller Mc. The method C ? KS was the only one

which could uncover potential power-law behaviors

in the case using the 120-day interval.
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4.3. Jiashan Earthquake, Kaohsiung

A noticeable property of all the observed FMDs

before the 2010 Jiashan earthquake was the apparent

discontinuities of the FMD curves. We illustrated this

property by the case using a 150-day interval in

Fig. 3a–c. The method C ? KS and A ? KS esti-

mated the same Mc value, 2.9, in contrast to a smaller

value, 2.1, by A ? G. In Fig. 3a and b, the open

circles were located very close to the inverted

triangles in the magnitude ranging from 2.9 to 4.5.

However, the open circles in Fig. 3c deviated clearly

from the observed FMD at magnitude greater than

2.9. Based on inspection of the p value, we suggest

that the power-law model is implausible for the data

set used in Fig. 3c, while a smaller Mc value was

estimated and, therefore, included cumbersome

smaller earthquakes.

Although the method C ? KS and A ? KS

identified appropriate data sets for which the power-

law model was plausible, both methods also esti-

mated smaller Mc values in several cases, including

60-, 90-, 180-, 270-, 330-, and 360-day intervals.

Unlike the cases with larger Mc, all p values of the

cases with smaller Mc were below the threshold 0.1

and, therefore, rejected the hypothesis of a power-law

model. We illustrated the cases using a 240-day

interval in Fig. 3d–f, in which the discontinuity of

observed FMD was not so clear by visual inspection.

The method C ? KS estimated a larger Mc value 3.3

and p value 0.74 in contrast to the smaller Mc values

and zero p values by other methods. The inverted

triangles deviated from the open circles in magni-

tudes ranging from 3 to 4.5 in Fig. 3f and merely

ranging from 3.2 to 3.4 in Fig. 3e. In fact, the

deviations of the observed FMD from predicted

values were not very apparent in Fig. 3e and f, but the

power-law model was still rejected as plausible for

the data sets by the zero p values. We suggest that

these cases sufficiently illustrate the advantage in

identifying the behaviors of seismicity with an

objective quantitative index such as the p value

rather than by visual inspection.

5. Discussions

We had three topics to discuss in this research,

which were (1) the reliability of statistical error r as an

indicator of model plausibility, (2) the effectiveness of

three fitted methods to identify potential power-law

behaviors of seismicity, and (3) the implications of

precursory seismic anomalies identified by appropriate

fitted methods. We discussed the reliability of p value

and statistical error r first.

Figure 1
Observed cumulative FMD (inverted triangle) and corresponding

fitted power-law models (open circle) before the 1999 Chichi

earthquake. The interval length is 30 days and the method used to

fit model is C ? KS for (a), A ? KS for (b), and A ? G for (c)
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5.1. Reliability of r as Indicator of Model

Plausibility

An important parameter in Eq. 5 to estimate the

statistical error r is ‘‘number of earthquakes, n’’ in

the denominator. This parameter definitely depends

on the length of interval and the value of Mc which

were used to select data set. If the values of a - 1

in the nominator, i.e. b-value in the G-R law,

merely fluctuated slightly between different data

sets, the data sets with more data points would

Figure 2
Observed cumulative FMD and corresponding fitted power-law models before the 2003 Chengkung earthquake. The interval length is

120 days for (a) to (c), 60 days for (d), and 180 days for (e). The fitting method is C ? KS for (a), (d), and (e), A ? KS for (b), and A ? G

for (c)
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generate smaller values of r. This property could

be easily observed in each column of r using the

method A ? G in Tables 2, 3, and 4. For example,

all Mc values merely fluctuated between 1.9 and

2.1, and the differences of b-value between differ-

ent time intervals also merely fluctuated smaller

than 0.1 in Table 3. The dominant factor affecting

the number of data points is the length of time

interval used, and we indeed observed that the

values of r decreased regularly with the elongation

of time intervals, which also corresponded to the

increase of n.

Figure 3
Observed cumulative FMD and corresponding fitted power-law models before the 2010 Jiashan earthquake. The interval length is 150 days

for (a) to (c), and 240 days for (d) to (f). The fitting method is C ? KS for (a) and (d), A ? KS for (b), and (e), and A ? G for (c) and (f)
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However, smaller r values did not guarantee the

plausibility of the power-law model to a data set. We

illustrated this property by considering the cases

using the method A ? G in Table 3. The data set

selected by a 90-day interval generated a value of r
larger than other cases using longer time intervals,

but its p value proved that the power-law model was

plausible for this data set. Although the data sets

using intervals longer 90 days had smaller r values,

the power-law models were ruled out because their

p values were below the predefined threshold. A

similar situation also could be observed in Tables 2

and 4.

Furthermore, we summarized the distribution

between p value and r in Fig. 4 and observed a very

diverse pattern. For example, the values of r between

0.04 and 0.05 corresponded with the p values ranging

from 0.03 to 1. The value of Pearson correlation

coefficient between p value and r was 0.5833, which

verified that no apparent linear correlation existed

between these two parameters. An immediate conse-

quence was that the statistical error r could not be a

reliable index to verify the plausibility of fitted

models. Therefore, we strongly recommended using

the p value instead of r for the purpose of model

plausibility.

5.2. Effectiveness of Fitted Methods for Potential

Power-Law Behaviors of Seismicity

The second topic that we would like to discuss

is the effectiveness of the three methods addressed

in Sect. 3 in identifying potential power-law behav-

iors of seismicity. Our definition of effectiveness

was very simple, for a case using a specific time

interval, if the power-law model was proved to be

plausible to either data set selected by two different

methods but was ruled out in the data set selected

by the third method; we would suggest that the

effectiveness of the third method was not compa-

rable to other methods. We had to emphasize that

either Clauset’s or Aki’s maximum-likelihood

method could generate a set of G-R law parameters

for any input data set. The effectiveness of each

method actually depended on the goodness-of-fit

method which collaborated with the maximum-

likelihood methods to determine the crucial param-

eter Mc. In this research, both the methods C ? KS

and A ? KS excavated potential power-law behav-

iors in most cases. There were merely two cases,

i.e. the 120-day interval of the 2003 Chengkung

earthquake and the 240-day interval of the 2010

Jiashan earthquake, in which the method A ? KS

Figure 4
Plot of r and p value. Blue, red, and green indexes indicate the cases of 1999 Chichi, 2003 Chengkung, and 2010 Jiashan earthquakes,

respectively. Indexes marked by circle, triangle, and cross indicate the cases using method C ? KS, A ? KS, and A ? G, respectively
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failed while C ? KS worked. However, the hypoth-

esis of the power-law model was ruled out in 89 %

of the data sets selected using A ? G and almost

all of the Mc values estimated by the GFT were

much smaller than the values by the K–S statistics.

We suggested that this property corresponded with

the observation by Woessner and Wiemer (2005)

that the GFT might underestimate the value of Mc.

Moreover, we found that the subjectively defined

threshold value of residual R in the GFT severely

affected the estimation of Mc. Any researcher who

attempts to apply this method should be very

careful of this affect. Therefore, we suggested that

the K–S statistics was a more effective goodness-

of-fit method rather than the GFT method for our

purpose.

5.3. Precursory Seismic Anomalies

The final topic which we would discuss is actually

based on the discussions addressed above. An

objective and reliable index to evaluate the plausi-

bility of the power-law model is the most important

premise to assess precursory anomalies of seismicity

based on the G-R law. With a reliable index such as

the p value, it will be helpful in preventing to

evaluate seismic anomalies mistakenly using impro-

per parameters such as the b-value of G-R law. We

observed both the characteristics of seismic activa-

tion and quiescence before three selected large

earthquakes in this research with the aid of the

p value.

In Fig. 1a and b, the observed FMD (inverted

triangles) were located below the predicted FMD

(open circles) at magnitude greater than 4.4. In fact,

a similar property existed in all of the cases using

various interval length except 30 days. We sug-

gested that this deficiency of earthquakes with

moderate magnitude lasted at least 1 year before the

Chichi main-shock. Similar precursory seismic

quiescence had also been reported in previous

research by WU and CHIAO (2006) based on the

continuously decreasing b-value using monthly

seismicity. They attributed this seismic quiescence

to the reduction of smaller earthquakes because the

monthly numbers of larger earthquakes (ML[ 4.0)

before the Chichi main-shock were suggested to

fluctuate in a normal range consistently. An oppo-

site observation about precursory anomalies before

the 1999 Chichi earthquake was made by CHEN

(2003), who identified a seismic activation of

earthquake with magnitude greater than 5 in the

interval 1998–September 20, 1999. Chen fitted the

cumulative FMD using earthquakes with moderate

magnitude, but we had a lot of smaller earthquakes

in the optimal data set because of Mc 2.5.

On the other hand, we observed the phenomena of

seismic activation before the 2003 Chengkung and

2010 Jiashan earthquake. In Fig. 2a for the 2003

Chengkung earthquake, the observed FMD were

slightly larger than the predicted FMD at the

magnitude greater than 4.8. We also illustrate two

cases using 60- and 180-day intervals in Fig. 2d and e

of which both were estimated by the method

C ? KS. The observed FMD exceeded the predicted

values at the magnitude greater than 4.6 in Fig. 2d

and 4.3 in Fig. 2e. For the 2003 Chengkung earth-

quake, it was also reported that there was local

activation of a moderate-size earthquake before the

main-shock by WU et al. (2008) based on a positive

Z value surrounding the rupture region of the

Chengkung earthquake. For the 2010 Jiashan earth-

quake, the observed FMD were obviously larger than

the predicted FMD at the magnitude greater than 5.0

in Fig. 3a and 4.8 in Fig. 3d. We also observed

similar characteristics in other cases that the power-

law model verified to be plausible. We suggest that

the 2010 Jiashan earthquakes might be another

example of precursory seismic activation based on

our observations, but further analyses are still neces-

sary for more related details.

In this research, we revealed the effectiveness

of the K–S statistics as a goodness-of-test method

in identifying potential power-law behaviors of

seismicity through the test using p value. Further-

more, either maximum-likelihood method

developed by Clauset or Aki would generate almost

the same values of G-R law parameters if a data

set was already verified by the K–S statistics that

obeyed the power-law model. The plausibility of

the hypothesis model and applicability of parame-

ters such as the b-value should always be verified

first to reduce the risk of mistakenly evaluating the

seismicity.
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