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1. INTRODUCTION
In [1–3], based on the study of  the 
properties of  small-scale fluctuations in the 
probability density of  the magnetic field, 
the critical frequency of  the ionosphere, 
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and the noise of  complex biological systems 
in seismically active regions, a method 
was proposed and tested for detecting 
precursors of  approaching earthquakes. 
The proposed approach makes it possible, 
in particular, to determine the precursors 
of  seismic events at much shorter time 
intervals (several days instead of  several 
months) than prediction based on the 
Gutenberg-Richter theorem [4–8], as well 
as other statistical approaches [9–12]. In 
this article, based on the methodology [1-
3], the properties of  a statistical functional 
describing the characteristics of  small-
scale fluctuations in the probability density 
of  the Earth's magnetic field are analyzed. 
Geomagnetic field measurements were 
carried out from March 12 to March 
16, 2022 at the KNY magnetic variation 
station (Kanoya), located in southern 
Japan. The change in the amplitude of  
fluctuations in the probability density of  
the geomagnetic field in seismically active 
regions a few days before of  an earthquake 
is associated with the appearance of  a 
random component in the measurement 
process, caused, for example, by a fracture 
of  lithospheric plates in the most weakened 
parts of  the earth's crust. Note that this 
random process is weakly dependent 
on the background noise due to a set of  
phenomena that usually take place in the 
corresponding region of  the world.

2. PROBLEM STATEMENT AND 
SOLUTION METHOD
The purpose of  this study is to determine 
the statistical properties of  the Earth's 
magnetic field, which are precursors of  an 
approaching earthquake accompanied by a 
tsunami. To identify such precursors, the 

statistical functional previously introduced 
and tested in [1] is used:
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In formula (1), we take A = 1000 and 
M = 100 min. The chosen value of  the 
coefficient A makes it possible to pass to 
the range of  values of  the functional L(n) 
convenient for analysis with the specified 
width M of  the averaging time interval. 
The coefficients Pm,l are the probabilities 
that the values of  the auxiliary function 
F[x] used in the problem fall within the 
interval

min
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Unlike the distribution function of  
the measured random variable x = x(t), 
the function F[x] must have a probability 
density with integrable singularities. 
Taking into account this requirement, 
the function F[x] = sin[x(t)] was chosen 
for calculations. For the specified type 
of  function F[x] with the discretization 
interval width h = 0.1, the value of  N 
in (1) is N = 2h-1 = 20. Statistics (2) 
based on the results of  measurements 
of  the X-, Y- and Z-components of  the 
geomagnetic field (in nT). The duration of  
any segment of  the implementation is 60 
seconds, during which 60 measurements 
of  the corresponding component of  the 
magnetic field are carried out. Thus, the 
value of  n in (1) is equal to the number of  
minutes from the start of  measurements 
at 00:00 03/12/2022 UTC (Coordinated 
Universal Time) to the current time.

The article shows that the entropy of  
the geomagnetic field increases with the 
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approach of  an earthquake. Let us explain 
the above theoretically.

Fig. 1 schematically shows the 
dependences of  the probability density 

1( )wρ  and 2 ( )wρ  for the background 
noise x1(t) and, accordingly, the additional 
(independent of  the background noise) 
random process x2(t), as well as the 
probability density ( )wρ  of  the total 
random process x(t) = x1(t) + x2(t) 
corresponding to the convolution of  the 
form

1 2( )= ( ') ( ') '.w w w w dwρ ρ ρ
∞

−∞

−∫

It was theoretically shown in [3] that 
smoothing of  small-scale fluctuations 
of  the curve 1( )wρ  takes place under the 
condition that the standard of  fluctuations 
of  the random variable x2, which 
determines the width of  the distribution 

2 ( )wρ , is at least several times larger than 
the sampling interval h, which determines 
the effective period indicated fluctuations 
(see Fig. 1).

3. METHOD OF ANALYZING THE 
RESULTS OF MEASUREMENTS
When analyzing the statistical properties of  
the magnetic field, the concepts previously 
introduced in [1] are used: local trends, 
channels, testing, sliding boundaries. 
These terms are illustrated by the example 
in Fig. 2, which shows the dependence 
of  the functional L(n) corresponding to 
measurements of  the X-component of  
the geomagnetic field.

1. Let us call local trends the sections 
of  the dependence L(n) located between 
the points of  extrema of  this curve and 
corresponding to variations in δL (the 
difference between the values of  the 
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Fig. 1. Schematic probability distributions
1( )wρ , 2 ( )wρ  and ( )wρ . 

Fig. 2. Dependence L(n) corresponding to the X-component of  the geomagnetic field.
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functional L(n) at the points of  maximum 
and minimum), satisfying the condition

max0.2 .L Lδ ≥ ∆

Here ∆Lmax is the maximum variation 
of  the L(n) values throughout a region 
from the origin to the moment of  the 
earthquake, that is, the difference between 
the values of  the largest minimum and the 
smallest maximum (respectively, points A 
and B in Fig. 2) of  the statistical functional 
L(n) on specified period of  time. In this 
case, the condition is introduced that the 
geometric deviation ∆S of  the curve L(n) 
from the straight line segment connecting 
the boundary points of  the given local 
trend satisfies the condition
∆S ≤ 0.2∆l,         (3)
where ∆l is the length of  this segment. 
Condition (3) is necessary to ensure the 
quasi-straightness of  the local trend. 
In Fig. 2 the local trend is, for example, 
section ab of  the curve L(n). The points 
of  the boundaries of  local trends will be 
called guiding points. We assume that each 
such point is horizontally removed from 
the nearest point of  the curve L(n) by no 
less than the interval ∆n = 100 min.

2. A channel is a collection of  two lines, 
each of  which passes exactly through two 
guiding points, and the angle ∆α between 
the directions of  these lines satisfies the 
inequality
∆α ≤ 1.4°.         (4)

In (4), the angle ∆α is determined using 
the scalar product of  two vectors parallel 
to the channel boundaries (assuming that 
the geometric dimensions of  the units of  
the Cartesian axes are equal). The time 
interval between the guide points through 
which the channel boundary is drawn must 
be at least 150 minutes. On Fig. 2 channels 

are marked: 1–2, 2–3, 4–5, 4–6, which are 
formed by two inclined straight segments 
indicated in the figure by a dotted line. Note 
that segments 7–8 also form a channel (the 
properties of  its lower boundary 8 will be 
discussed below).

3. The term testing means either the 
intersection at some point of  the curve L(n) 
and the corresponding channel boundary, 
or the passing the boundary at a distance 
∆Lt vertically from the control point with 
coordinates {nt, L(nt)} that satisfies the 
condition ∆Lt ≤ 0.012 L(nt).

As the moment of  registration of  a 
precursor of  an approaching earthquake, 
we will consider the time of  the last (before 
the earthquake) testing of  the channel 
boundaries by the dependence L(n) (for 
example, point c for channel 2–3 in Fig. 2).

4. Sliding boundary is a straight line drawn 
through two control points and tested by 
the L(n) curve at least one more guiding 
point that satisfies condition (5) (we will 
call such points additional and highlight 
them in the figures as a solid ellipse). 
As in section 3, we assume that the time 
of  registration of  the precursor of  an 
approaching earthquake corresponds 
to the moment of  the last testing of  
this curved line of  the sliding boundary 
(see, for example, point d for the sliding 
boundary 8 in Fig. 2). Sliding boundaries 
are marked in the figures by solid oblique 
straight lines.

4. RESULTS OF PROCESSING 
THE MEASUREMENTS OF THE 
GEOMAGNETIC FIELD
Figs. 2-4 show the dependences of  the 
functional L(n), which correspond to the 
measurements of  the geomagnetic field 
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components on the KNY magnetometer 
located in southern Japan during the period 
from 00:00 on March 12, 2022 to 23:59 
on March 16, 2022. The horizontal axis 
shows discrete values of  time n in minutes 
n ≥ M = 100 min counted from the start 
of  measurements. The solid vertical line 
marks the start of  the earthquake with 
a magnitude of  7.3, which occurred on 
March 16, 2022 at 14:37 UTC (the epicenter 
coordinates are 37.702°N, 141.587°E) and 
was accompanied by a tsunami.

Fig. 2 corresponds to the dependence 
L(n) for measurements of  the 
X-component of  the geomagnetic field. 
The intervals TX,1 = 4451 min, TX,2 = 2565 
min, TX,3 = 2104 min, TX,5 = 1659 min, 
and TX,6 = 213 min correspond to the time 
intervals between the beginning of  the 
earthquake and the moment of  the fifth 
test for the boundaries of  channels 4–5, 
1–2, 2–3, 7–8, 4–6, and the time interval 
TX,4 = 1743 min corresponds to the last 
test point for the sliding boundary 10. 

The area near the additional point of  the 
sliding boundary 10 is indicated by a solid 
ellipse.

Fig. 3 illustrates the dependence L(n) 
for the Y-component of  the geomagnetic 
field. In this case, the intervals TY,1 = 
1896 min, TY,2 = 682 min, TY,3 = 662 min, 
TY,4 = 662 min, TY,5 = 548 min and TY,6 = 
24 min. Here TY,1-5 are the time intervals 
between the beginning of  the earthquake 
and the moment of  the last testing for the 
boundaries of  channels 1–2, 4–5, 6–7, and 
2–3, and the interval TY,6 corresponds to 
the last testing of  the L(n) curve of  the 
sliding boundary 9.

In Fig. 4, the dependence L(n) 
corresponds to measurements of  the 
Z-component of  the geomagnetic field. In 
this case, there are no sliding boundaries, 
and the intervals TZ,1 = TZ,2 = TZ,3 = 
1820 min correspond to the time intervals 
between the beginning of  the earthquake 
and the moment of  the last testing for 
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Fig. 3. Dependence L(n) corresponding to the Y-component of  the geomagnetic field.
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the boundaries of  channels 1–2, 3–4, 5–6, 
respectively.

Note that, as follows from the analysis 
of  Fig. 2–4, before the earthquake, for the 
L(n) dependences corresponding to the X-, 
Y-, and Z-components of  the geomagnetic 
field, numerous linear structures appeared, 
similar to those that preceded the seismic 
events considered in [1-3].

The values indicated in Figures 2-4 
of  the time intervals from the moment 
of  registration of  the precursor to the 
beginning of  the earthquake are given in 
the Table.

As can be seen from the data given in 
the Table, almost all registered precursors 
refer to the interval from ten hours to two 
and a half  days before a seismic event. The 

analysis of  behavior of  dependences L(n) 
showed that the number of  precursors in 
the considered time interval of  the order 
of  several days before an earthquake 
increases in proportion to the duration 
of  the time interval preceding the seismic 
event.

5. DISCUSSION AND 
CONCLUSIONS
As a result of  the analysis of  processing 
measurements of  the geomagnetic field, 
we come to the following conclusions:
1. For each channel, at least one of  its 

boundaries passes through a critical 
point belonging to the boundary 
of  another channel. This property 
indicates the mutual influence of  
seismic processes at the stage of  
"final preparation" of  an approaching 
earthquake.

2. A seismic event is preceded by critical 
points associated with the synchronous 
or very close in time occurrence of  
three precursors, defined as the points 
of  the last testing of  the corresponding 
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Table
Time interval values TX,i, TY,i и TZ,i.

i TX,, min TY,i, min TZ,i, min
1 4451 1896 1820
2 2565 682 1820
3 2104 682 1820
4 1743 682
5 1569 548
6 213 24

Fig. 4. Dependence L(n) corresponding to the Z-component of  the geomagnetic field.
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channels. This can be interpreted as 
the simultaneous occurrence of  three 
or more processes associated with the 
"final preparation" of  the approaching 
earthquake.

3. In all presented cases, linear structures 
of  the functional L(n) pass through 
the point of  its deepest minimum. 
This effect is quite consistent with 
the theoretical assumption that the 
specified minimum corresponds to the 
moment of  the greatest compression 
of  the lithospheric plates. Such 
compression with a high probability 
can lead to the occurrence of  processes 
of  destruction of  the most weakened 
blocks of  the earth's crust, which are 
accompanied by the formation of  
sliding boundaries and channels of  the 
statistical functional.

4. As follows from the table, seven out of  
15 recorded precursors are located in a 
relatively narrow interval from 30 to 35 
hours before the earthquake, and the 
same number of  precursors are located 
in a time interval of  about 11 hours 
before this event, which confirms 
the relationship between the ongoing 
processes and the reliability of  the 
methodology used.

Thus, we come to the conclusion that 
the set of  the analyzed properties of  
the statistical functional L(n) can be an 
indicator of  the approaching moment of  
an earthquake, accompanied by a tsunami. 
It should be noted that the use of  the 
statistical technique allows not only to fix 
the set of  precursors of  the approach of  
the seismic event, but also to identify time 
points at which extremely high levels of  
seismic compression of  lithospheric plates 

in the earthquake preparation zone are 
achieved with a high probability.
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