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ABSTRACT 

The variation of some seismic properties due to energy release and accumulation specifies a 

change in the seismicity pattern prior to large earthquakes. Attention to the behavior of smaller 

events before the large already occurred earthquakes can result in the recognition of the probable 

seismicity pattern in susceptible future earthquake areas. The plausibility of the proposed power 

law model of seismicity (Gutenberg–Richter parameters) with observed seismicity data by index 

of p-value, can be quantitatively examined by an estimation of these effective parameters and 

combining them with the collected data and observed evidences in the vicinity of the epicenter. 

In this study, the compatibility of Gutenberg-Richter parameters and the plausibility of synthetic 

models in comparison with the observed seismicity before 1st December 2017, Mw 6.1, Hojedk 

earthquake is investigated. The results demonstrate a higher efficiency for the introduced p-value 

in comparison with other statistical error (σ) in different studies. 
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INTRODUCTION 
Study of distribution of earthquakes in time, space and magnitude in worldwide or a local region 

is defined as seismicity. Quantitative studies in this field have been identified by particular 

distribution of frequency and magnitude of events which follows a power law called the 

Gutenberg-Richter (G-R) law (Gutenberg and Richter, 1944; eq. 1). This law and its parameters 

are widely used in seismicity studies and related subjects (e.g. Rundle et al., 2011). The 

parameters of a- and b-value indicate overall rate of earthquakes and relative ratio of small to 

large earthquakes, respectively (e.g. Wiemer and Wyss, 2000). 

log10 𝑁 = 𝑎 − 𝑏𝑀                                                         (1) 

For estimating the parameters, combination of fitting methods, such as least square or maximum 

likelihood with a goodness of fit test are used (Li et al., 2016). Clauset et al. (2009) quantified 

power law behavior for empirical data by combination of a maximum likelihood fitting method 

with a goodness of fit test. They generated synthetic data and evaluated plausibility of the method 

by p-value index. Also, Li et al. (2016) used these methods for quantitative analysis of seismicity 

before large earthquakes in Taiwan. 
 

Seismotectonic of the Region 
Central-East Iran, is an intraplate environment between Zagros, Alborz and Kopeh Dagh fold-

thrust border belts (Mirzaei et al., 1998). The active tectonics of eastern Iran are governed by 

NNE convergence between the Arabian and Eurasian plates that results in right-lateral shear 

between central Iran and Afghanistan (Vernant et al., 2004; Savidge et al., 2019). Most of the 

seismic deformation is accommodated along large N–S to NW–SE trending right-lateral strike 

slip faults (Walker and Jackson, 2004; Savidge et al., 2019). On 1st December 2017 at 02:32 UTC 

and 12 December 2017 at 08:43 and 21:41 UTC, three earthquakes with moment magnitudes 

(Mw) ~ 6 and predominantly reverse faulting mechanisms occurred east of the village of Hojedk, 

central-east Iran, in an area of mountainous topography, where several major right-lateral strike 
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slip fault systems (the Gowk, Nayband, Lakar Kuh, and Kuh Banan) converge (Savidge et al., 

2019; Fig. 1).   

Figure 1. (A) Epicenter distribution map of earthquakes; black circles are 3<M≤4, red ones 4<M≤5 and 
blue ones 5<M≤6. (B) microearthquakes with 1≤M<3 in the studied region recorded by Iranian 
Seismological Center (IRSC) from 2006 to 2017. Yellow stars represent epicenter of 1st and 12 

December 2017 Hojedk earthquakes.  

 

Methodology and Data 
In this research, we use the local data of Iranian Seismological Center (IRSC) prior to 1st 

December 2017 Hojedk earthquake (Mw 6.1) for statistical analysis of seismicity based on 

Gutenberg-Richter law. To do this, the first step is determination of time and spatial windows 

which is dependent on tectonic and seismotectonic features of the region. For time intervals, we 

consider seismicity changes during the time that is reasonable method for our region. By drawing 

time-frequency diagram of events, seismicity changes, active and quiescence periods in region, 

became visible. Each time window, start immediately before the goal mainshock and extend back 

to the time that the seismicity of the region had changed. For spatial windows, considering the 

local structural properties, we defined three kind of window. Type E, which is a region 

surrounding mainshock epicenter and along its causative fault. Type S, window which confined 

within specific seismic source. For achieving this goal, we used seismic sources defined by 

Mirzaei et al. (1999). And the last one, type P, is based on concept of preparation gap that 

introduced by Mogi (1979).  

After determination of Mc values by usual methods (Woessner and Wiemer, 2005), for estimation 

of parameters we defined a quantity x obeys a power law if it is drawn from a probability 

distribution (Clauset et al., 2009; eq. 2): 

                                                                   (2) 

                                                         (3) 

Where  is a constant parameter known as the scaling parameter, whereas, xi, i=1, …, n, is the 

observed values of x such that xi≥xmin (eq. 3). Aki (1965), computed parameters from eq. 4, where 

 and ∆𝑀 are average magnitude and binning width of magnitudes, respectively. 

                                                                 (4) 

Probability density (PDF) and complementary cumulative distribution function (CDF) are 

obtained by eq. 2 and 4, and estimation of statistical error  is given by eq. 5: 

                                                     (5) 

Kolmogorov-Smirnov test (eq. 6) and the Goodness-of-Fit Test (GFT; eq. 7) are two goodness of 
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fit tests that measure quantitative difference of data and model by calculating the maximum 

distance between CDF and FMD of observed data and fitted model, respectively:  

𝐷 = max
𝑥≥𝑥𝑚𝑖𝑛

|𝑆(𝑥) − 𝑃(𝑥) |                                                    (6) 

Where S(x) and P(x) defined as the CDF of tail of the distribution and CDF of best fitted model 

for values with 𝑥 ≥ 𝑥𝑚𝑖𝑛. 

𝑅(𝑎, 𝑏, 𝑀𝑐𝑜) =
∑ |𝐵𝑖−𝑆𝑖|

𝑀𝑚𝑎𝑥
𝑀𝑐𝑜

∑ 𝐵𝑖𝑖
                                                        (7) 

Where 𝐵𝑖 and 𝑆𝑖 are the observed and synthetic numbers of events in magnitude bins, 

respectively. For quantifying plausibility of models, we have to generate synthetic data sets. with 

probability ntail/n and 1-ntail/n, we generated random values which obey same distribution of the 

observed data above and below the xmin. n is total number of observed data and ntail is the number 

of data with lower boundary greater or equal to xmin (x≥xmin). Fraction of synthetic sets with D or 

R greater than observed value is the p-value. If this fraction be greater than 0.1 (threshold value) 

the hypothesis model is more suitable to describe the observed data, otherwise, other plausibility 

of this model is ruled out and should find better models. 

Estimated parameters are shown in Table 1. All estimated Mc values by A+KS method are greater 

than A+G’s and smaller than C+KS’s. These values are reasonable for this region. All A+KS p-

values are above the mentioned threshold value that means seismicity changes before occurrence 

of Hojedk earthquake have an expected seismicity behavior. The values of A+G show the 

weakness of this method for investigation of surrounding seismicity. Generally, p-values in C+KS 

method are great but because of the unsuitable Mc these results are less reliable.  values are 

highly dependent on numbers of events. With decrease of Mc, number of accessible events 

increase, therefore, values of  decrease too and reliability of  as indicator of model 

plausibility expected; but in A+G method this assumption rules out. 

 
Table1. Estimated parameters of fitted models of the data sets in each type window prior to 1st 

December 2017 Hojedk earthquake. 

1 Length of window                                               
2
 Number of events 

 

Figure 2 represents the earthquake data and the corresponding fitted power-law models by A+KS 

method for all spatial windows. The fitted models are drawn based on calculated parameters and 

generation of synthetic data sets for each window.  
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Figure 2. Earthquake data cumulative FMD (open circles) and corresponding fitted power-law models 

(solid triangles) before the 1st December 2017 Hojedk earthquake. All figures are obtained by A+KS 

method. (A), (B) and (C) belong to E-, S- and P-type spatial windows, respectively. 

 

CONCLUSION 
By using a maximum likelihood fitting method with a goodness of fit test and generation of 

synthetic data sets seismicity changes before 1st December 2017 Hojedk earthquake was studied. 

Among presented methods, A+KS was the most reliable methods to estimation of parameters and 

presentation of corresponding fitted power-law models. This method estimated more reasonable 

values of Mc in comparison to other methods for the region. Based on this feature, p-values of this 

method were absolutely obtained above the mentioned threshold value which is valuable. 

Generally, insufficient data, which is under the influence of calculated Mc or improper distribution 

of seismic stations, can be main reason of inefficiency in other mentioned methods. Also, due to 

the same reason, efficiency of  face with ambiguity. Considering the all aspects of study, the S-

type window is the best spatial window for analysis of seismicity changes prior to Hojedk 

earthquake. 
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