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a b s t r a c t

The methods to estimate the b-value of the magnitude–frequency distribution are analyzed

based on a certain period of earthquakes in the central region of China. According to the prob-

lems in the traditional methods, least square regression method and maximum likelihood es-

timation mathod, a robust fitting method to estimate the b-value is proposed. The least square

regression method is suggested not to be used in the future for its unstability and great devia-

tion from the linerity to the extrem events. The use of maximum likelihood estimation method

needs a high accurate assessment of the magnitude of completeness. Compared with the two

traditional methods, the proposed method can not only provide a stable and reliable b-value,

but also has a good sensitivity to the occurrence of earthquakes with large magnitudes. The

variation of b-value as an earthquake precursor is applied successfully in our study, and the

proposed robust fitting method is shown to be more efficient than the maximum likelihood

estimation method.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In spite of existence of breaks in earthquakes scaling

caused by temporal and spatial heterogeneity [1], the as-

sumption of self-similarity of the earthquakes process is

found in most cases. Self-similarity is consistent with the ob-

served linear b-value relation of the Gutenberg (GR) law [2],

log10N(M) = a − bM, (1)

where N(M) is the number of events with magnitude equal

to or greater than M, and a and b are real constants that may

vary in space and time. It should be note that often instead

of magnitude M the log of seismic moment or log of seismic
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energy is used. Parameter a is a measure of seismic activity

that depends on the size of the area, the length of the obser-

vation period, the largest seismic magnitude, and b-value is a

constant parameter that determines the rate of fall in the fre-

quency of events with increasing magnitude. A higher b value

means that a smaller fraction of the total earthquakes occurs

at the higher magnitudes, whereas a lower b value implies a

larger fraction.

The scientific importance of the Gutenberg (GR) law is

ubiquitous. It emerges in a variety of tectonic settings and

depth ranges, in seismic catalogs ranging from a few months

to centuries, in natural as well as induced seismicity and in

seismic hazard studies. The significance of the b parameter

for quantifying seismicity [3] or for dealing with problems

of earthquake prediction [4] has been recognized widely by

seismologists. Significant spatial and temporal variations of

b-value are usually attributed to many processes, such as the

fault heterogeneity [5], the stress level imposed on rocks [6],
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0960-0779/© 2015 Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.chaos.2015.09.004
http://www.ScienceDirect.com
http://www.elsevier.com/locate/chaos
http://crossmark.crossref.org/dialog/?doi=10.1016/j.chaos.2015.09.004&domain=pdf
mailto:jxu@tju.edu.cn
http://dx.doi.org/10.1016/j.chaos.2015.09.004


104 Q. Han et al. / Chaos, Solitons and Fractals 81 (2015) 103–110

Fig. 1. The influence on the linearity of the magnitude–frequency distribu-

tion from scarcity of events with large magnitudes and incompleteness de-

tection of events with small magnitudes.

the subduction rate [7], collapse analysis [8] and pore pres-

sure variations. Since the higher levels of motion at a site are

dominated by occurrences of the larger earthquakes, knowl-

edge of the relation between b-value and large event is of

great concern in seismic hazard analysis.

Due to the significance of the b-value, a reliable and ac-

curate method to calculate the b-value appears very impor-

tant. Actually, the linearity of Eq. (1) is not suitable well for

all range of the magnitudes in the catalog. Deviation from lin-

earity is believed to be due to statistical fluctuations of the

scarcity of events with large magnitudes (denoted as Mb to

large magnitude), or from the incompleteness of a detection

threshold at small magnitude (denoted as Ms to small mag-

nitude), as shown in Fig. 1.

Although events with Mb are scarce, they are the most

important events to study, since they are the main sources

of the seismic hazards. It is not reasonable for some author

[9] to neglect these events in the calculation of the b-value.

These events should be considered in the calculation and the

deviation caused by Mb also needs to be reduced. To elim-

inate the deviation caused by Ms, the completeness mag-

nitude Mc is usually to employ and events with magnitude

smaller than Mc are not considered. Above Mc, all local events

are detected, because they exceed the noise background on

the seismogram. As magnitude decreases, however, events go

undetected as the seismic signal approaches the noise back-

ground.

From the aforementioned description, how to determine

Mc and how to reduce the effect of Mb play important roles

in the calculation of b-value. Different from the traditional

methods, least square regression (LSR) and maximum like-

lihood estimation (MLE) technique, a robust fitting method

(RFM) to estimate the b-value was proposed in this paper. A

reliable and stable b-value, with an ideal result to eliminate

the effects from the Mb and Mc, can be estimated by RFM.

Meanwhile, a new criterion to estimate Mc is offered. Finally,

the variation of b(t) as an earthquake precursor is discussed

according to the introduced methods.

2. Description of the methods to estimate b-value of the

Gutenberg (GR) law

The empirical validation of the universality hypothe-

sis passes through the estimation of the b-value and its

uncertainty. Different formulas were proposed in the past

[10–15] which take into account the unavoidable binning of

the magnitudes in different ways. Among these methods,

least square regression (LSR) and maximum likelihood esti-

mation (MLE) techniques are the most used.

2.1. Least square regression (LSR) technique

Typically, the b-value is extracted by performing least-

squares linear regression on the logarithm of the histogram

[12,16–22], although the use of the LSR does not have any sta-

tistical foundation.

LSR actually is a curve fitting technique. LSR minimizes

the summed square of residuals S. The residual for the ith

data point ri is defined as the difference between the ob-

served response value yi and the fitted response value ŷi,

and is identified as the error associated with the data. The

summed square of residuals is given by

S =
n∑

i=1

r2
i =

n∑
i=1

(yi − ŷi)
2
, (2)

where n is the number of data points included in the fit and

S is the sum of squares error estimate. The least squares esti-

mate of b is given by:

bLS = (m∼
T m∼ )−1m∼

T log n∼ , (3)

where the vector m∼ = (mc, mc + �m, mc + 2�m, . . . ,mmax)
contains the magnitudes of interest, and the vector log n∼
gives the respective log number of earthquakes in the dataset

greater than or equal to these magnitudes.

LSR works well under some circumstance, such as esti-

mating the probability of the largest magnitude of earth-

quakes [15]. But it shows significant bias under relatively

common conditions and some author [23] even suggested

not using it.

2.2. Maximum likelihood estimation (MLE) technique

As an alternative, the maximum likelihood estimation

method has been suggested to be preferable for calculat-

ing the b-value. In the first papers that described the MLE

[10,13], the magnitude M was considered as a continuous

random variable. If Eq. (1) holds, the probability density func-

tion (PDF) of M is

p(M) = b ln (10)
10−bM

10−bMmin − 10−bMmax
, (4)

where Mmin and Mmax are, respectively, the minimum and

the maximum magnitudes allowed. If Mmax � Mmin, Eq. (4)

becomes

p(M) = b ln (10)10−b(M−Mmin). (5)

Note that the passage from Eq. (4) to Eq. (5) requires that,

in practice, the Gutenberg (GR) law holds for a range of mag-

nitudes Mmax − Mmin ≥ 3 [10]. The MLE of Eq. (5) consists of

choosing the b-value which maximizes the likelihood func-

tion [24], that is

b = 1

ln (10)(μ − Mthresh)
, (6)
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where μ is the sampling average of the magnitudes, and

Mthresh is the threshold magnitude which usually corre-

sponds to the minimum magnitude for the completeness of

the seismic catalog. The error of the b-value is estimated by

[14],

σb = 2.30b2

√∑N
i=1 (Mi − μ)

2

N(N − 1)
, (7)

where N is the number of earthquakes.

The MLE is widely used and is accepted broadly among

the existing methods. However, there are also problems for

MLE and this will be discussed in part 3.

2.3. Robust fitting method (RFM)

LSR usually assumes that the response errors follow a nor-

mal distribution, and that extreme values are rare. Actually,

extreme values called outliers do occur. According to the lin-

earity of Eq. (1), Mb and Mc can both be taken as extreme val-

ues. To minimize the influence of outliers, the robust fitting

method (RFM) is proposed, which has been used in other ar-

eas [25–28]. In RFM, robust bisquare weight least-squares re-

gression is applied. This method minimizes a weighted sum

of squares Eq. (2), where the weight given to each data point

depends on how far the point is from the fitted line. Points

near the line get full weight. Points farther from the line get

reduced weight. Points that are farther from the line than

would be expected by random chance get zero weight.

SRFM =
n∑

i=1

wir
2
i =

n∑
i=1

wi(yi − ŷi)
2
, (8)

where wi are the weights. RFM with bisquare weights uses an

iteratively reweighted least-squares algorithm, and follows

this procedure:

(1) Fit the model by weighted least squares.

(2) Compute the adjusted residuals and standardize them.

The adjusted residuals are given by

radj = ri√
1 − hi

, (9)

where ri are the usual least-squares residuals and

hi are leverages that adjust the residuals by down-

weighting high-leverage data points, which have a

large effect on the least-squares fit. The standardized

adjusted residuals are given by

u = radj

K · MAD
, (10)

where K is a constant equal to 6.946, and MAD is the

median absolute deviation of the residuals.

(3) Compute the robust weights as a function of u. The

bisquare weights are given by

wi =
{
(1 − (ui)

2
)

2 |ui| < 1

0 |ui| ≥ 1
. (11)

(4) If the fit converges, then you are done. Otherwise, per-

form the next iteration of the fitting procedure by re-

turning to the first step.

3. The comparisons of the three models in the

calculations of b-value

For comparison of the three methods to estimate b-value,

central regional (from latitude 20°N to 45°N and longitude

80°E to 100°E) catalog of China for the period between 29th

October 2010 and May 13th 2011with 4736 events was ana-

lyzed. The analysis is focused on the aforementioned effects

of Mc and Mb.

3.1. The effect of the minimum magnitude of complete

recording Mc

The minimum magnitude of complete recording Mc is an

important parameter for most studies related to seismicity,

especially for the estimation of the b-value. Variations of

b-value with different assumed Mc are investigated for the

three methods. The value of the assumed Mc starts from the

minimum magnitude in the catalog and increases gradually,

and the corresponding b(Mc) is calculated simultaneously.

The effects of the minimum magnitude of complete record-

ing Mc for the three methods are shown in Figs. 2–4.
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Fig. 2. The influence of Mc (from 0.2 to 2.0) on the estimation of b-value for

MLE. Choice of best model from the MLE denotes by the red dashed line and

the Mc by the arrow upward. (For interpretation of the references to color in

this figure legend, the reader is referred to the web version of this article.)
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LSR. The upward arrow points out the best Mc for the catalog.
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of LSR, MLE and RFM methods.

Note the real completeness magnitude Mc-best is equal to 1.7 and its corre-

sponding b-value is bbest.

As shown in Figs. 2–4, different methods show different

sensitivities to the change of Mc. In order to operate quan-

titative analysis, the absolute-sensitivity of b-values to the

variations of Mc is defined as follows:

Sb
Mc

= |bMc
− bbest|

bbest

× 100%, (12)

where Sb
Mc

reflects the error sensitivity of Mc for the calcu-

lation of b-value, and bbest is the value corresponding to the

actual or best completeness Mc (denoted by Mc-best) of the

catalog. Obviously, the smaller the value of Sb
Mc

is, the more

accurate b-value we will get, and the corresponding Mc is

more close to Mc-best. The results of Sb
Mc

for the three mod-

els are shown in Fig. 5.

As shown in Fig. 5, the MLE is excessively sensitive to the

change of Mc. A minute change �Mc = 0.1 from Mc-best leads

to almost 5% of the change of error sensitivity. When �Mc

becomes bigger, the error in the estimation increases sharply.

The result from LSR is better than that in MLE. As for RFM, the

estimate offers a robust and stable result when Mc changes.

The influence from a big change �Mc = 0.6 or bigger can

be neglected compared with the results from the LSR and

MLE. This robust characteristic of RFM is very useful, espe-

cially when Mc-best is not obtained accurately. Actually, there
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not considered.

is no method that can guarantee to give exact Mc-best due to

different complicated conditions and usually an approximate

value is employed.

3.2. The effect of the scarcity of events with Mb

The other deviation from linearity is the scarcity of events

with large magnitude (Mb). A simple way to eliminate the

effect from Mb is to not consider these events in calcula-

tion, just as the research in [9]. However, Mb event plays a

dominated role in the destruction estimation and the rela-

tion between the variation of b-value and Mb event seems to

be very important. The method by simply eliminating Mb is

obviously not to be acceptable. In order to better investigate

b(Mb), we consider the events with magnitude ≥Mc-best and

the Mb events are eliminated from the catalog gradually from

5.8 to 4.3 to simulate the occurrence of different large events

and the corresponding b-value is calculated. The results are

shown in Figs. 6–8.

As shown in Figs. 6–8, during the change of Mb events,

the MLE and RFM can keep the linear property well, whereas

the LSR seems to have a great deviation. Similarly, Sb
Mb

is em-

ployed here in Eq. (13) with the similar definition in Eq. (12)

to reflect the effect of the b-value for the occurrence of Mb for
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the three methods.

Sb
Mb

=
∣∣bMb

− bbest

∣∣
bbest

× 100% (13)

As shown in Fig. 9, MLE almost has no sensitive to the

occurrence of large events with M ≥ 5.0. Since whether the

biggest events with M = 5.8 happen or not, the b-value

changes very minute, even events with magnitude ≥5.0 oc-

currence just cause 0.17% variation. The variation of b-value

in MLE is less sensitive to the large events. For the LSR, the

Sb
Mb

value changes abruptly and shows an unstable and ran-

dom trend. Such as whether the biggest events M=5.8 hap-

pen or not can cause more than 4% variation. This change

can happen not only for the bigger event, but for any outlier

event. Thus the big variation of LSR is not always related to

the occurrence of the large events, which may provide wrong

information to us. As for RFM, it not only can reflect the im-

pact of the large events properly, but also can keep the linear

property well.

3.3. The “weighted” analysis of the three methods

From the aforementioned description, the main disadvan-

tage of LSR is its sensitivity to large events (outliers). Out-

liers have a large influence on the fit because squaring the

residuals in Eq. (2) magnifies the effects of these extreme

data points. In this aspect, LSR gives too heavy weight to the

points of outliers and causes great deviation from the linear-

ity of Eq. (2). The real meaning of the b-value from LSR for

Eq. (2) might be questionable. This is supported by the study

of [29]. The biases in the estimation of the b-value of the

Gutenberg (GR) law and of its uncertainty though LSR were

investigated conceptually, analytically and numerically and

suggested that the LSR will never be used in the future. Ac-

cording to the above characteristic of LSR, we also suggest not

to use it if there is a better method.

MLE is the most used method to estimate the b-value in

the present research. It is necessary to give a detailed anal-

ysis. MLE is based on the assumption that the magnitude M

was considered as a continuous random variable. But this ap-

proximation can be strictly justified only for �M → 0. As a

matter of fact, the magnitude is not a continuous variable

and it is unavoidable to have measurement errors. In practi-

cal cases, the uncertainties on the measured magnitudes lead

to the use of “binned” magnitudes, i.e. the magnitudes are

grouped by using a selected interval �M. For instance, for in-

strumental measurements, the magnitude interval used for

the grouping is �M = 0.1, and for magnitude estimation of

historical events, the grouping can even be �M ≥ 0.5.

From Eq. (6), the b-value from MLE depends on two

factors: the average μ and Mthresh (Mthresh is the same as

Mc-best). The sample average μ computed from binned data

is systematically higher than the true value μ. This is due

to the fact that the real (continuous) magnitudes in the in-

terval Mi − �M/2 ≤ M < Mi + �M/2 are not symmetrically

distributed around the central value Mi. So this produces a

biased estimation of the real b-value. The bias is negligible

for �M = 0.1, while it is very important for larger �M (for

example, �M = 0.6), that might be necessary to evaluate the

b-value for historical catalogs [12].

For Mthresh, usually Mthresh �= Mmin will also cause bias for

the estimation of b-value. Since the lowest binned magni-

tude, i.e. the threshold magnitude, contains all the magni-

tudes in the range Mthresh − �M/2 ≤ M < Mthresh + �M/2,

then Mmin = Mthresh − �M/2 < Mthresh (e.g., [12]). So a slight

modification of Eq. (6) is suggested [15],

b = 1

ln (10)
[
μ − (Mthresh − �M/2)

] . (14)

Remarkably, this “corrected” formula was not largely em-

ployed. Whereas the difference between (6) and (13) is cer-

tainly considerable because in a power law distribution the

average μ is very close to the minimum value of the distribu-

tion.

μ = b ln (10)

∫ ∞

Mmin

M10−b(M−Mmin) · dM = Mmin + 1

b ln (10)
.

(15)

In particular,

�b = Eq. (13) − Eq. (6)

= �M/2

ln (10)[(μ − Mthresh)(μ − Mthresh + �M/2)]
. (16)
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For �M = 0.1 (as for instrumental magnitudes), and

μ − Mthresh ≈ 0.38 (obtained by Eq. (15) with b = 1) we obtain

�b ≈ 0.13.

Besides, for Eq. (6) or Eq. (14), the b-value is determined

only by sample average μ when Mthresh is known. Parame-

ter μ is related with the amplitudes and their corresponding

numbers. The number of each amplitude actually plays the

role of the weight function. For the earthquakes, the small

events happen more frequently than the large events, so the

number of small events located near Mc is far greater than the

number of the large events. μ is mainly affected by the small

events, which can be reflected in Eq. (15). This can explain

why a little change of magnitude in the small value can cause

great variation in the b-value, see Fig. 2 and why it almost has

no sensitivity to the change of Mb, see Fig. 10. MLE weights

too much for the small events. From the practical point of

view, the too much weight for the small events makes the

b-value too sensitive to the determination of Mc. Meanwhile

the less weight for the large event makes the function of b-

value as an earthquake precursor is greatly reduced, which

will be seen in Fig. 11.

4. The methods to estimate Mc of the catalog

From the aforementioned analysis, a reliable Mc deter-

mination is necessary for the calculation of the b-value,

especially for MLE. The assessment of the magnitude of com-

pleteness, Mc, which is defined as the lowest magnitude at

which 100% of the events in a space–time volume are de-

tected [30–32]. The definition is not strict in a mathematical

sense, and is connected to the assumption of a power-law be-

havior of the larger magnitudes. If we choose a too low value

for Mc we will get a biased estimate of the scaling parame-

ter since we will be attempting to fit a power-law model to

non-power-law data. On the other hand, if we choose a too

high value for Mc we are effectively throwing away legitimate

data points Mi < Mmin, which increases both the statistical

error on the scaling parameter and the bias from finite size

effects. The goal is to find a good compromise between these

cases.

It is further complicated by the need to determine Mc au-

tomatically, since in most applications, numerous determi-

nations of Mc are needed when mapping parameters such as

seismicity rates or b-values.

Some methods are already proposed, such as Entire-

magnitude-range method (EMR) [33], maximum curvature

method (MAXC) [31], goodness-of-fit test [31], day–night

difference sensitivity [30], the seismic-station sensitivity

method [34] and so on. In this study, a new method to es-

timate the Mc is proposed.

Our estimate of Mc is based on the assumption of the

magnitude-frequency distribution (FMD) of Eq. (1). To evalu-

ate the accuracy of Mc, we compute the difference between

the observed FMD and a synthetic distribution. For incom-

plete data sets, a simple power-law cannot adequately ex-

plain the observed FMD, so the difference will be high. The

following steps are taken to estimate Mc: first we estimate

the b- and a-values of the Gutenberg (GR) law as a function

of minimum magnitude, based on the events with M ≥ Mi.

We use RFM (or MLE) to estimate the b- and a-values. Next,

we compute a synthetic distribution of magnitudes with the

same b-, a- and Mi values, which represents a perfect fit to

a power law. To estimate the accuracy of Mc we compute

the absolute residual, R, of the logarithm number of events

in each magnitude bin between the observed and synthetic

distribution

R(a, b, Mi) =
∑Mmax

Mi
|log10Oi − log10Si|∑

i log10Oi

× 100%, (17)

where Oi and Si are the observed and predicted cumulative

number of events in each magnitude bin, respectively. We

divide by the total logarithm number of observed events to

normalize the distribution.

Our method is illustrated in Fig. 10, which shows R

as function of Mi. If Mi is smaller than Mc-best, the syn-

thetic distribution based on a simple power-law cannot

model the FMD adequately and, consequently, the differ-

ence between the observed FMD and synthetic distribution

is high. The absolute residual value R, measuring the ac-

curacy of Mc, decreases with increasing Mi and reaches a

minimum value at Mc-best. Just as shown in Fig. 10, when

Mi = Mc-best (=1.7), the residual reaches the minimum value

both in RFM and MLE. Beyond Mc-best, R increases gradu-

ally. Therefore, the Mi value corresponding to the minimum

value of R can be taken as the magnitude of completeness

Mc-best.
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5. b-Value as an earthquake precursor

A precursor phenomenon is one which occurs before a

mainshock and is a part of a physical preparation for the main

rupture; it does not simply mean “before” but it implies ca-

sual linkage to the mainshock [35].

Seismic precursory phenomena e.g. changes of seismic

quiescence (periods when seismicity rate decreases to lev-

els significantly below the normal seismicity rate), changes in

the source parameters of events and changes in the frequency

magnitude distribution (FMD) have been proposed by many

investigators as precursors [36–42].They suggest that detec-

tion of seismic quiescence based on uninterrupted observa-

tion is a key to the success of earthquake prediction.

Most of the methods described as successfully predicting

earthquakes have been applied after the fact. It is actually

quite difficult to assess if a general method is statistically suc-

cessful or not. The incentive of this part is to examine retro-

spectively the potential of temporal b-variations as an earth-

quake precursor for large earthquakes.

The study focuses on the determination of the b-value

as a function of time and on the assessment of its potential

as an earthquake precursor. To study variations of b-value

with time, a sliding time-window method is used. A group

of earthquakes is chosen from an earthquake catalog. The

b-value is calculated for the first N events. Then, the win-

dow is shifted by a time corresponding to certain number of

events, e.g. N/10 events. The b-value is calculated for the new

group of data and the process is repeated until the last event

is reached. Every calculated b-value is assigned to the middle

time of the corresponding window.

The b(t) in our study is calculated based on the earthquake

data of the previous central region catalog using a sliding

time-window containing 100 events and a 10 events shift.

The chosen number of events in the window is a compro-

mise between the time resolution and smoothing effect of

broad windows. The temporal variation, b(t), is studied using

the MLE and RFM techniques, described in Section 2 simulta-

neously and the results are shown in Fig. 11.

On the whole, the two methods studied show similar

results. Statistically significant drops in b-value reveal an

V-shape curve in the b(t) diagrams. The b-value decreases

significantly prior to the occurrence of large earthquakes. Re-

sults show that large earthquakes are often preceded by a

medium-term increase in b, followed by a decrease in short-

time before the earthquake, which is in accordance with the

result in [43]. Most of the associated seismicity takes place

close to the minima in the b(t)-curve.

During the reviewed time period, there are at least six

drops of b(t) in Fig. 11. It can be seen that in most cases there

is a good agreement between a sudden significant decrease in

the b(t) curve and the subsequent occurrence of large earth-

quakes (M > 4.5). The variation of b-value in Fig. 11 reveals

stronger correlation between a sudden decrease in b(t) and a

successive increase of seismicity. This phenomenon is clear

in the diagrams for each method. From this point of view,

the variations of b-value in time as earthquake precursors are

successful for both methods.

However, if we give a detailed study for the two meth-

ods, the difference is obvious. Firstly, the standard deviations

shown as the error bars in Fig. 11 of the two methods are

different. The standard deviation value of the MLE is almost

four times bigger than that in RFM. This means the b-value

calculated from RFM is more stable and reliable than that

from MLE.

Secondly, although the global change trends of b(t) are

similar, the change amplitudes are different. The b-value

varies from 0.7 to 1.3 for the MLE, while RFM has the trend

with b-value ranging about 0.5–1. In Fig. 11, we can see that

the RFM is more sensitive to the occurrence of large earth-

quakes. Two large events, one happened on 30/11/2010 with

M = 5.3 and the other happened on 30/12/2010 with M = 5.0,

are chosen for a detailed study. For RFM the b-values of fore-

shocks drop by about 50%, whereas the bigger drop for the

RFM is less than 30%. This can be understood by the analysis

in Section 2 , since MLE is less sensitive to the large events

than the other two methods.

Thirdly, seven out of eight events in RFM with M > 4.5

occurred within the low or minimum b-values time, ex-

cept the event happened in 02/01/2011 with M=4.8. How-

ever, in these eight events, only four events in 30/11/2010,

30/12/2010, 23/12/2011 and 10/03/11 happened in its low

values for MLE. For the event happened in 02/01/11, the cor-

responding b-value of both methods lies in the increasing

part. This can be explained by combining the three days ear-

lier event in 30/12/10, the event in 02/10/11 played the role

of the aftershock or emerged in the aftershocks.

From the above three aspects, it is obviously that from the

earthquake precursor point of view, the variations of b(t) cal-

culated from the RFM is more efficient than that from the

MLE. The merit of RFM is conformed one time again.

6. Conclusion

Since the magnitude-frequency distribution was pro-

posed by Gutenberg and Richter [2] in 1944, the Gutenberg

(GR) law has been widely used in the earthquakes research.

The parameter b in the law attracts more researchers’ inter-

est and is demonstrated to be a useful parameter in many

applications. Two mainly used methods, LSR and MLE to cal-

culate the b-value are analyzed in this study. LSR is affected

greatly by the outliers, and cannot always give the reliable

result. The fitting line always has a great deviation from the

real linearity relation and it is suggested not to be used in the

future. As for MLE, it is widely accepted in the present study.

However, MLE gives too much weight for the small events

and its sensitivity to the completeness amplitude Mc is very

extensive. Thus b-value from MLE may have a great deviation

from the real value when Mc is not determined accurately.

On the other hand, the sensitivity of MLE to the occurrence

of events with large magnitude is minute, since large events

gain far smaller weight in the b-value calculation. Therefore,

the function of b(t) from MLE as an earthquake precursor is

greatly influenced. According to the problems existed in the

abovementioned methods, the robust fitting method (RFM)

was proposed to calculate b-value in this paper. RFM gives

different weights to the points according to their distances

from the linear fitted line. Points near the line get full weight,

whereas points far from the line get reduced weight. As a re-

sult, RFM can not only provide a stable and reliable b-value

without the strict requirement for Mc-best like MLE, but also
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has a good sensitivity to the occurrence of earthquakes with

large magnitudes.

The concept of variations of b-value in time as earthquake

precursors was successfully applied for tectonic earthquakes

in the central region of China. Results show that calculated

b-value shows large time variations. Almost all statistically

significant drops in b-value can be associated with an occur-

rence of large shocks (M > 4.5) in our study. A rapid increase

of b(t) is observed after the occurrence of large earthquakes.

This typical phenomenon is observed in b(t) plots for most

of the large earthquakes. Variations of b-value in time can

be used as earthquake precursors. Compared with the tra-

ditional method MLE, the variation of b-value from RFM is

shown to be more effective as an earthquake precursor.
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