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Abstract: In this research the new approach of estimation and approximation of quantile and quantile density 
function when we know the moments were investigated. In the role of moments, we use time intervals (waiting 
times) between earthquakes of the seismic catalog. Data on waiting times between earthquakes taken from the 
worldwide seismic catalogs were investigated. We will analyze three models of approximation and estimation: fre-
quency moments, usual moments, and transposition moments. There are various models of quantile function 
estimation but the advantage of our model is that it is enough to have moments. 
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Introduction. Among the results of these studies, we can name the well-known findings of temporal proper-

ties of seismicity, based on modern views on the fractal nature of tectonics, faults, and hypocenter distributions. It 
is in full agreement with the above view of the complex dynamic nature of the seismic process and argues that the 
dynamics of earthquake time are characterized by "switching" or "shifting", which is manifested by alternating 
periods of increased seismic activity and low seismic activity. Nevertheless, the main aspects of the problem of the 
time distribution of intervals between earthquakes are still unclear and sometimes the study of the issue has not 
been touched yet [1-3]. 

Nowadays the moment problem is one of the most important problems in statistics and is used in 
mathematics, financial mathematics, economics, insurance, etc. During the last three centuries the moment 
problem has been studied in various articles, but still today it is a very interesting problem in mathematics [4-6]. 

In this research, we will discuss the approximation and estimation of quantile function, in the case when we 
have the moments [7]. 

We can say that the moment problem has the only solution, when the system of equations 
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Methods. There are various nonparametric methods of estimation of quantile function. For example, Harrell, 
and Davis [8] discuss statistical sums. Bolance et al., [9] and Brewer [10] in their work discuss the Bernstein 
polynomial quantile function estimation. 

As for the new concept we will use in this research is that it has an advantage and can be used in the case 
when we have less information about the distribution function, for example, the values of moments.  

We will combine the investigation of time intervals (waiting times) between earthquakes and approximation 
of the results by quantile function using modern processing methods. Modern methods of time distribution 
research based on traditional linear and nonlinear concepts will be used. By the analysis of waiting times series of 
different origins, we plan to unravel features of earthquakes' time evolution. 

The project is in full compliance with the main problem of the Earth sciences. We will combine modern data 
analysis tools in the specially developed user software package. 
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For analysis, three models of approximation and estimation have been chosen. The first model we use when 
we have so-called frequency moments. The second model is about usual moments and the third model we use 
when we have transposition moments. 

 

Results and discussion. For analysis of time interval (waiting times) of California seismic catalog. The data 
discussed are taken from the Southern California Local Earthquake Catalog, which can be viewed at the site 
(http://www.data.scec.org/ftp/catalogs/). Analysis for the 1932-2013 period was analyzed. 

This catalog is more reliable because the collection of data was almost non-stop during this period. 
After that, by using programs created on the base of Ivane Javakhishvili Tbilisi State University M. Nodia 

Institute of Geophysics the time intervals (waiting times) between earthquake data sets were carried out. 
Using waiting times data the approximate estimate of the quantile function of the first model was calculated 

and will compared with the famous Harrell Davis estimate. For analysis, we use the following formulas: 

    dyxxyXxQ
n
i

n
i

n

i
iHD )1,1,()(ˆ

11
)(  


  






















 






  







 x
n
iBx

n
iBXx

n
iBXxQ

n

i
i

n

i
i ,,1,1)(ˆ

1
)(

1

1
)(   

 

The behavior for different parameters for first model will be as follows (Fig.1- Fig.3). 
 

 
Fig. 1. Comparison of estimates of Harrell Davis and the first model (frequency moments) for the waiting time when. 100,20  n  

 
Fig. 2. Comparison of the estimates of Harrell Davis and the first model (frequency moments), for the waiting time when 

100,50  n . 
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Fig. 3. Comparison of the estimates of Harrell Davis and the first model (frequency moments), for the waiting time when 100,100  n . 

  
The results of the research will help to understand the nature of seismic processes and what most important it 

will contribute in the future to solve the problem of understanding the nature of strong earthquakes. 
  
Conclusion. Our research presents the analysis of time distribution between earthquake events and uses the 

following datasets for approximation and estimation of quantile function. The approximation of quantile function 
can be used in different fields: financial mathematics, economics, insurance, etc. The research of the project is 
global, it includes various important tasks from different scientific fields. The research has both fundamental and 
practical importance because without understanding the temporal distribution of earthquakes, we cannot estimate 
the hazard and make serious progress in the task of understanding the nature of earthquakes. 
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