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Annotation: The study of risks in seismology or problems of earthquake forecasting are important tasks
in modern earth science. The difficulty of solving these problems is that this task is multifactorial, because
when assessing risk, many factors that affect the seismicity of an area should be considered. At the same time,
to increase the credibility of the assessment, the degree of correlation between factors should be taken into
account. Risk assessment depends on various geodynamic factors, which are determined individually for each
area of the earth's surface. This paper discusses a multifactor method for implementing the task of assessing
the risk of seismicity in an area.
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SEYSMOLOJi TODQIQATLAR UCUN MULTIFAKTOR MODELI

A A. Bayramov, F. N. Abdullayev,S.S. Siileymanov, R.D. Korimova
H. N. Saforov, E.O. Rzayev

Xiilasa: Seysmologiyada risklorin 6yronilmasi va ya zalzalonin prognozlasdirilmasi masoalalori miiasir
Yer haqqinda elmin mithiim vozifalordir. Bu problemlorin hallinin ¢otinliyi bu vozifonin ¢oxfaktorlu olmasidir,
clinki riskin qiymetlondirilmasi zamani orazinin seysmikliyins tosir edon bir ¢ox amillor nozors alinmalidir.
Eyni zamanda, qiymatlondirmonin etibarliligini artirmaq {igiin amillor arasinda korrelyasiya doracosi nozors
almmalidir. Riskin giymatlondirilmasi yer sothinin har bir sahasi iiclin fordi olaraq toyin olunan miixtolif
geodinamik amillordon asilidir. Bu maqals bir arazide seysmiklik riskinin qiymotlondirilmasi tapsirigint hoyata
kecirmak ti¢iin coxfaktorlu metod nozardan kegirilir.

Acar sozlor: risk, seysmologiya, ¢coxlufaktorlu metodu, zalzala, model

MHOT O®AKTOPHASI MOJIEJb JIJISI CENCMOJIOT MYECKHUX UCCJIEJTOBAHUM
A.A.Bauipamos, A.H. A6oyinaes, C.C. Cyreiumanos, PJl. Kapumosa, I'.H.Cagpapos, 3.4.P3aes

AHHOTALIMS: WU3YYCHUE PHUCKOB B CEHCMOJIOTMM WM BOIPOCHI IMPOrHO3UPOBAHUS 3EMIICTPSICEHUN
SIBIISTFOTCSL BXKHBIMU 33/1a4aMH B COBPEMEHHOM Hayke 0 3emiie. CI0KHOCTh PEIICHHUs ATUX MPOOIEM COCTOUT
B TOM, YTO 3Ta 3a/aua SBJSACTCS MHOTO(PAKTOPHOH, T.K. TIPH OIIEHKAX pHUCKA CICAYyeT pacCMaTpPUBATh OYCHB
MHOTO (DaKTOpPOB, KOTOpPBIE BO3JCHCTBYIOT Ha CEHCMHUYHOCTH paiioHa. [lpm 3TOM, as yBeaWUEHUS
MIPaBIOMOJO0HOCTH OICHKH, CJIEAYyeT y4YeCTh CTENEeHb Koppesmuu Mexmy daktopamu. OreHKa pHCKa
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3aBUCUT OT PA3JIUYHBIX I'€OJMHAMUYECKUX (AKTOPOB, KOTOPBIC ONPENEIISIOTCS B YaCTHOM IOPSAKE AT
Ka)XJIOTO paiioHa 3eMHOH MOBEpXHOCTU. B naHHOI cTatbe paccmarpuBaeTcss MHOTO(AKTOPHBIH METOM, AJIS
peanuzaiyy 3a1a4u OlleHKHA PUCKa CEHCMUYHOCTH paioHa.

KunioueBble ci1oBa: puck, ceticmonoaus, MHO20QaKmophbviil Memoo, 3emaempsicenue, Mooesb

Introduction

Seismology is largely an empirical science, since seismological models are based on experimental facts.
The goal of empirical sciences is to capture an abstract model of the results of real observations. In order to
draw conclusions about the real connection in the set of observations with the highest probability, probability
theory methods are used, since no model can cover the entire set of observations. The goal of probabilistic
(stochastic) modelling is to recognize the true structure of the system based on observed data.

Modern theories of the structure of the Earth, explaining the occurrence of earthquakes, are based on
seismic observations. The main goal of geophysical research is to determine the structure of the environment
based on observations of the characteristics of physical fields. The quality of seismic hazard analysis is
determined by the attenuation factor of the intensity of seismic impacts.

The characteristics of the seismic impact of an earthquake are determined by the tectonic structure of
the region, the depth of the source, the geometry of the source, the direction and course of the process of
destruction of rocks, and other parameters. In addition, local geological features play an important role in the
manifestation of the seismic effect at points on the surface.

The seismicity model of the earthquake zone determines the quality of the analysis. The seismicity of
the region is characterized by:

1. The frequency of earthquakes;

2. The statistical distribution of the strength of tremors by magnitude;

3. The spatial distribution of sources,

4. Macroseismic observation of seismic events, seismic intensity, and the nature of damage.

Many tasks of seismology are associated with the possibility of calculating the probabilities of some
events associated with the seismic process. The main task of seismology is to learn to predict the strength, time
and place of earthquakes.

Seismic processes occur and develop in time and space under the influence of the internal determinism
of global tectonics. Uncertainties associated with the interplay of the Earth's internal physical fields and the
gravitational force of celestial bodies, as well as their influence on global tectonics, introduce an element of
randomness into seismicity models [Burtiyev, 2017].

Multifactor analysis in seismology

Seismic processes are diverse, since their formation is caused by various geological and geophysical
processes occurring in the depths of the Earth. These processes are characterized by many different parameters,
which are characterized by multifactor random variables. In the study of such multiparameter processes,
multivariate analysis is used [Tarasov, 2011].

Multifactor analysis is based on determining the minimum number of factors that make up the largest
share of data variance. In studying the complex nature of seismicity, factor analysis helps to better understand
the essence of seismic processes. Factor analysis allows us to study the structure of the relationship of variables,
where each group of variables will be determined by the factor for which these variables have maximum loads.

The result of factor analysis is the transition from a set of initial variables to a smaller number of new
variable factors. Factor analysis solves the problem of reducing the number of variables with minimal loss of
initial information. If we assume that the correlations between variables are explained by the influence of
hidden factors, then the main task of factor analysis is to analyze the correlations of a set of parameters.

Most factor analysis methods are based on principal component analysis, which transforms a group of
correlated original variables into another group of uncorrelated variables. Principal component analysis solves
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the problem of reducing the number of variables while maintaining the maximum proportion of variance in
observations by selecting only the main components that explain the majority of variance.

To improve the efficiency of the seismicity risk assessment process in a given area, it is necessary to be
able to conduct forecasting based on multifactor models.

The main stages of forecasting in a multifactor model are:

1) selection of factors that are not correlated with each other;

2) determination of the parameter values of the multifactor forecasting model;

3) verification of the adequacy of the resulting multifactor forecasting model;

4) application of the multifactor forecasting model.

The main stages of factor analysis: calculation of the correlation matrix; extraction of factors; selection
and rotation factors; interpretation of factors; calculation of coefficient values; assessment of the quality of the
model. For example, in [loane, 2021], an array of seismic data is analyzed, consisting of parameter values
characterizing the mechanism and geometry of the Vrancea seismic zone in Romania. It is assumed that the
values of these parameters are due to hidden factors that cannot be observed directly. Identification of these
factors is the task of factor analysis.

The task of factor analysis is to determine the minimum number of factors that contribute most to data
dispersion. The use of factor analysis begins with the calculation of descriptive statistics of the array of
observed values for 16-dimensional random variables characterizing the seismicity mechanism and geometry
of the Vrancea source. Factor analysis allows us to identify the relationships that determine the correlation
interdependence between seismic parameters. It is assumed that the cause of a significant correlation between
the parameters are the sought-after factors. The task of factor analysis is to determine the minimum number of
factors that contribute most to data dispersion. The values of the statistical characteristics of the parameters in
this work have a large spread, that is, their values are measured in different units that are incompatible with
each other, so they are scaled using standardization (1):

XU'—)?J'

7j

X; = (1)
where: Xij is the value of the j parameter in the i observation, Xi is the value and oi is the standard deviation
of the j parameter.

The values of the statistical characteristics of the parameters in the experiment [loane, 2021] have a
large scatter, and their values are measured in different units that are incomparable with each other, so they
should be brought to a single scale using standardization. The first idea of the presence of dependent parameters
can be obtained from the correlation matrix, which characterizes the degree of correlation between the
parameters of the original array. The higher the proportion of high correlations, the better the data are suitable
for factor analysis. For example, the value of the correlation coefficient between the parameters npsu (direction
of nodal plane 1) and npasi (direction of nodal plane 2) is 0.726 [Burtiyev, 2017]. The value of the correlation
coefficient between the parameter pa, (azimuth of the compression axis) and npiq, (angle of incidence of the
nodal plane - plane of zero displacements 1) is 0.884 [Burtiyev, 2017], which indicates a sufficiently high
degree of dependence between the parameters and is the basis for including them in one group. In factor
analysis, the correlation matrix is transformed, after which all non-diagonal elements of the correlation matrix
become zero, and the diagonal elements change their values. This means that the parameters become
independent of each other. Most factor analysis methods are based on principal component analysis, which
transforms a set of correlated input parameters into a set of uncorrelated factors. In this method, after
calculating the correlation matrix, it is orthogonally transformed. The factor loadings are determined by the
values of the matrix elements. Recall that the factor loading is the value of the correlation coefficient of each
of the original features with each identified factor. The closer the connection of a given feature with the factor
in question, the higher the value of the factor loading. The most common rotation method is Varimax [Athar,
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2023] (uncorrelated factors). The method is based on finding the eigenvalues and eigenvectors of the
correlation matrix from the solution of the equation:

R=AA' e

where: R is the original correlation matrix; A is the matrix whose elements are the loading factors a;; of the
parameter i by the component j; A" is the transposed matrix.

The development of a more complex and adequate attenuation model is the subject of study by many
seismologists. Thus, the analysis of macroseismic and instrumental data of the VVrancea mid-depth earthquakes
revealed some features of the earthquake impact:

- impact on large areas with a predominant North-East and South-West orientation;

- a high degree of dependence of the amplitude of seismic ground displacements on local and regional
geological conditions compared to the magnitude and distance from the source;

- high variability of the parameters of strong ground movements; reflection of the earth's surface relief
by isolines [Ismail-zade, 2007].

In the near zone, where r ~ h (r is the distance to the earthquake epicenter, h is the depth of the earthquake
source), the geometry of the earthquake source has a decisive influence on the configuration of the
macroseismic field [Shebalin, 1961].

From the values of descriptive statistics it is evident that the values of statistical characteristics of seismic
parameters have a large spread, and their values are initially measured in different units that are incompatible
with each other, so they should be brought to a single scale. using standardization (1).

The values of the regression coefficients are estimated by the least squares method, and for consistency,
biaslessness and efficiency of estimates, the Gauss-Markov conditions must be met:

E(&) =0, (i=1,n) (3)

The variance of the random component in all observations must be constant (homoscedasticity), equal
to zero, i.e.

D(g) =, (i=1.n) (4)

Recall that homoscedasticity is a property that denotes the constancy of the conditional variance of
a vector or sequence of random variables. It is assumed that the random component has a normal
distribution, i.e.

E(&g) =0, &~ N(O; o), (i#) (5)
The multivariate linear regression model is expressed by the following expression:

vi=oa+ i+ o+ F st e (i=ln) (6)

where: y is a dependent random variable, xi...,X; are regression variables; fi, fo,...,; are regression
coefficients; ¢ is a random variable. The appearance of a random component:

g=yi—y" (7N

where: y; is the real value, y " are the values of the dependent variable calculated using the regression equation.
They are associated with the influence of unaccounted factors on the dependent variable y, the inadequacy of
the selected model and observation errors.

To explain 100% of the variance in seismic data from the experiment [loane, 2021], 16 components are
required. However, using the factor extraction procedure, it was possible to extract only 4 factors out of 16,
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which explains 84,996% of the variance in the data set. That is, a factor model consisting of 4 factors preserves
84.996% of the original information.

When grouping the original array of parameters, information loss is inevitable. Saving information by
only 60% is considered a fairly good indicator. Typically, when conducting factor analysis, the first principal
components are used, the total share of variance of which exceeds 60%. Considering that during factor analysis
the number of parameters is reduced several times, even with a large loss of information, for example, by 40%,
it is possible to use a factor model.

The graph of eigenvalues is informative in determining the number of factors that begin to decline
sharply. After a given number of factors, the dependence under study is close to the horizontal line, that is, the
decrease in eigenvalues slows down. The inflection point is on the 4th factor, i.e. no more than 4 factors are
identified. This method is used to determine the number of factors before rotation, the purpose of which is to
determine a simple model. In this model, each parameter corresponds to a large value of factor loading for one
factor and a small value for all the others.

The factor load is determined by the correlation coefficient of each parameter with each of the identified
factors. The sum of the squares of the column loads is the dispersion of the coefficient and serves as a measure
of its informativeness. In the principal component method, the dispersion of the principal components is equal
to the eigenvalues of the correlation matrix of the original variables. When implementing the stage of selecting
factors that do not correlate with each other, the sample values of the paired correlation coefficient (r;;) between
the factors x; and x; are used. If the condition is met [Tikhomirov, 2003]

| 75| > (0,7-0,8), (1)

then there is a significant connection between these factors. In this case, one of the factors should be excluded
so that the same factor is not taken into account twice. Let us denote the risk as R, and x,...,X, as geodynamic
factors influencing the risk of seismicity, and the values of the pair correlation coefficient (r;;) between factors
xi and x

| ri <06 2)

A multiple linear regression model is proposed as a predictive multifactorial model.
Yy =ao+arxitaxyxyt asxs + ag'xe + aioxio _(3)

To estimate the parameters of this model (3), the least squares method was chosen.
A = (ETE)'V(ETY), (4)

where E is the matrix of factor values, Y is the vector of statistical data (time series), T is the transposition
operation, (-1) is the operation of finding the inverse matrix. When checking the adequacy of the obtained
models, it is recommended to conduct an additional statistical analysis, namely: to check the significance of
the coefficients of the forecast models.

HO: bj =0,H1: bj #0,j=1,2,4,9, 10.
The t-statistic is recommended as a criterion [Lemeshko, 2008]

= t(vy) (5)

= —1
] s(a))
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where: a; — estimates of the coefficients bj obtained by the least squares method; s(a;) — estimates of the standard
deviation of the coefficients a;; the value (5) under known restrictions [Lemeshko, 2008] has a t-distribution
with the number of degrees of freedom vy, in our case vo = 7.

The following were chosen as adequacy criteria: Fisher's F-criterion, the Durbin-Watson criterion, the
criterion of "ascending™ and "descending" series, and the criterion of peaks. The Durbin-Watson criterion
checks the most important premise of regression analysis — the absence of autocorrelation in the sequence of
residuals ex.

The value of the criterion is calculated using the formula

_ Yita(er —er_1)?

m 2
t=1€¢

d

This value is compared with two table levels: the lower d; and the upper d,. If the obtained value d is
greater than two, then before comparison it must be transformed:

d=4-d.

If d (or d [) is in the interval from zero to 1 d, then the residual values are strongly autocorrelated. If
the value of the d -criterion falls in the interval from d, to 2, then there is no autocorrelation. If d.[ 11 1d[ /[ /d>,
an unambiguous conclusion about the absence or presence of autocorrelation cannot be made and it is
necessary to use another criterion, for example, the first-order autocorrelation coefficient.

Conclusion

The study of risks in seismology or earthquake forecasting issues are important tasks in modern Earth
science. The complexity of solving these problems is that this task is multifactorial, since when assessing risk,
it is necessary to consider many factors that affect the seismicity of the area. At the same time, to increase the
credibility of the assessment, it is necessary to take into account the degree of correlation between the factors.
And in some cases, it is also necessary to study the synergy of processes, when the simultaneous impact of
several factors has more than the total impact. Risk assessment depends on various geodynamic factors, which
are determined individually for each area of the earth's surface. This article discusses a multifactor method for
implementing the task of assessing the risk of seismicity of the area.
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