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http:// Cgtivecommons'or licenses/by/4.0/ Tpy 3 study of the nonlinear interaction of the fluctuating planetary gravitational
Open A . . . . s
m field with the lithosphere suggests that not only the directly acting gravitational

forces are of influence, but mainly higher harmonics of the celestial bodies con-

sidered as oscillators on large scales [1] [2]. In the meantime, resonances caused
by fluctuating gravitation can also be detected on small scales in the laboratory
[3].

The kinematics of the planets corresponds to oscillators, which were stable
over billions of years in evolution and were able to unfold their effects. The gra-
vitational forces are weak and sensually directly perceptible only in the coupling
of sun and moon in the tides.

Tidal stresses are very small, so there is still a lot of debate about whether they
can even trigger an earthquake. Several studies have found no correlation be-
tween tides and earthquake occurrence, e.g. Kennedy et al, 2004 [4]. Other stu-

dies report small positive correlations, e.g., Kasahara, 2002 [5]. Some recent re-
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search by Metivier et al (2009) suggests evidence that tidal-induced uplift may
reduce the normal stresses that hold faults together [6].

Previous studies related to earthquake triggering do not take into account
planetary gravitational interactions, e.g. [7] [8] [9].

The special effects of the fluctuating gravitational field become visible only in
the harmonics. A correlation function constructed to indicate that the change in
probabilities for stable (harmonic) and unstable (discordant) states is also ap-
plied to earthquake triggering [10] [11].

As shown in previous publications [1] [12] [13], characteristic oscillation pat-
terns can be found for groups of earthquakes that differ significantly from ran-
domly chosen control groups. In [9] it was proposed to use these oscillation pat-
terns similar to an Al as an element for earthquake prediction. Initial research
published here confirms this method.

A correlation function (derivation of the function see [1] [2]) is a Fourier se-
ries expansion of a periodic process and can be optimized both in its order and
in its frequencies for the respective problem. It has the function of a high-pass
filter (Figure 1).

The calculation of the harmonics of the planetary gravitational field results in
a matrix in which each element in turn consists of the superposition of several
oscillations. These oscillation patterns of the individual earthquakes can in turn
be superimposed and form the characteristics of this group. If these groups,
characteristics are compared with very many randomly selected comparison
groups, it is possible to assess whether the group of earthquakes differs signifi-
cantly from the expected values.

For the group of 41 strongest earthquakes of the last century (1900-2000), this
pattern for the matrix of harmonicity looks as follows (data of earthquakes in
(1.

Computer printout of the 41 earthquakes to supplement Figure 2.

Probability of events: correlation matrix H

3 ; time shift d: 0 h: 0;

NUMBER OF THE GROUPS: 10000
2415019.458333 Julian-date-end: 2488068.458345
Accidental selection;

TEST: Number of accidental selection >= correlation

the probability of error:

.89
.43
36.
56.
46.
.17
85.
51.
10 76.

86
76
31

17
60
43

BEGIN: year:

3
87.89 14
* 33
33.85 *
5.72 68.
42.69 13.
28.65 39.
10.65 38.
83.11 70.
93.97 53.
6.73 61.
63.62 %
3=MERKUR;
1900 month: 1

5 6 7 8 9 10

.43 36.86 56.76 46.31 22.17 85.17 51.60 76.43 PR 77.14

.85 5.72 42.69 28.65 10.65 83.11 93.97 6.73 PR 27.85

68.44 13.49 39.08 38.94 70.76 53.72 61.18 PR 35.47
44 * 26.73 59.78 46.11 70.55 81.44 76.33 PR 54.01
49 26.73 * 0.03 95.06 57.33 99.98 63.99 PR 66.29
08 59.78 0.03 * 50.46 71.96 90.05 0.19 PR 4.37
94 46.11 95.06 50.46 * 69.11 26.17 51.78 PR 39.23
76 70.55 57.33 71.96 69.11 * 60.60 65.81 PR 94.42
72 81.44 99.98 90.05 26.17 60.60 * 42.53 PR 98.73
18 76.33 63.99 0.19 51.78 65.81 42.53 b PR 23.51

4=VENUS; 5=MARS; 6=JUPITER; 7=SATURN; 8=URANUS; 9=NEPTUN; 10=PLUTO;

day: 1 hour: 0 END: year: 2100 month: 1 day: 1 hour: O
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N12-1
H,;= Y a,cos(s-a);mit(k=smodl12) 0
s=1

a, ={0,1,-2,3,-5,0,3,0,-5,3,-2,1}

Figure 1. H;;is the correlation of two celestial bodies; a is the angle between two celestial
bodies; ax are the 12 coefficients of the Fourier series repeated NV times; N is the order of
the correlation function. The coefficients ar were obtained from a Fourier transform de-
scribing the change in probability for stable and unstable processes, respectively.

graphic - significance - Matrix ~ *** matrix Harmony *** order: 3 events: 41 control groups: 10000

N
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sum: 63.6 percent

Figure 2. The figure shows the deviations of the pattern “Harmony H” (/) from the expected values for the indi-
vidual correlations. On the right side of the figure the row sums (planets) are shown. The lower bar indicates the

value for the entire matrix. Blue are disharmonies, red are harmonies. A strong color indicates a strong deviation

from the statistical mean. In this example, the disharmonic correlation of Jupiter has the value of 4.4% (that means

only 4.4% of the control groups have a higher harmony). In contrast, Neptune is significantly disharmonic with

98.7% (98.7% of the control groups have a higher harmony).

Although this matrix already represents a pattern, not all characteristics of the
group of earthquakes are yet captured. Since it is a wave function, the energy is
also a characteristic (Figure 3).

The investigations have shown that the matrices harmony #;; and energy 7;;
supplemented by the matrices of the 1st derivative of the correlation function
dynamics D;;and dynamics absolute DA;; determine the pattern formation.

An evaluation of time with respect to the probability of an earthquake is
composed of the pattern elements listed above. For the matrix the correlation
function as given by Linfoot for the object-image comparison is suitable. (Lin-
foot criteria: fidelity, correlation, relative structure content.)

The total value of a matrix is currently compared with the value of the pattern.

Probability=a, *H, , +a, *1, , +a,* D, ; +a, * D4, ; 2)

The coefficients a; are determined according to an optimization procedure.
Here, the coefficients a;indicate the significance of the matrices for the examined
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Figure 3. The figure shows the deviations of the pattern “Energy I” from the expected values for the individual cor-

relations. On the right side of the figure, the row sums (planets) are shown. The lower bar indicates the value for the

entire matrix. Blue indicates weak energies, red indicates strong energies. A strong color indicates a strong devia-
tion from the statistical mean. In this example, the correlation of Saturn has the value of 97.8% (that means 97.8%
of the control groups have a higher energy).

group of events. If the harmony or disharmony is significant for a group, then
the matrix H;; will be weighted particularly strongly.

The following assignment applies:

H,, for the harmony and disharmony.

I, for the absolute value (energy) of the superimposed waves.

D, for the velocity of the change of the oscillation state (1st derivative).

DA,;, for the acceleration (force) of the velocity change.

For earthquakes, the optimization objective is the distance from the conti-
nuum. The pattern must detect as many earthquakes as possible from a list of
earthquakes and at the same time identify few events from a random list as earth-
quakes (discriminatory power). Gradient methods are not suitable for the optimi-
zation process because it is not a continuous objective function.

The pattern used here finds 100% from the list of 41 strongest earthquakes.
However, it also identifies 25.8% of the events as earthquakes from a randomly
selected list. The discriminatory power (difference) from the continuum is 74.2.

41 strong earthquakes in a century are not very many compared to the many
earthquakes that also still occur, albeit weaker and with less personal injury.
Therefore, it is not expected that the probability of a strong earthquake will have
local maxima only slightly above the number 41 in 100 years.

The time environment to the 1st earthquake from the list of 41 can be seen in
Figure 4.

Earthquakes, as the investigations show, take place in a characteristic temporal
environment, which often starts with foreshocks. Therefore, it seems to make
sense to include the temporal environment in the considerations (Figure 5).
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Figure 4. The month of the first earthquake (China; Tangshan; 28.7.1976; 03:42:00) from the list of 41 earthquakes. The time of
the earthquake is indicated by the vertical red line. The curve indicates the change in the probability of an earthquake according to
the pattern of the 41 earthquakes.

#*5um_of al l#* master earthquake-41-AP limes: 15.2 integral -1 +1 days planets: o b ord B Z & 5 Institut
2.00

=-2.88

1976=7=2=hé=-méBd 1976=7=6=h1l4=-mB 1976-7=-18=h23=-m28  1976=-7-15-h&-méd 1976=7=19=h18-mB 1976=7=-24=h3=-m28 1976=-7=-28-h12=-mé1l  1976-8-1-h22-ml
1976=6=38=hB=-mB 1976=7=4=h3=-m28 1976=7=8=h18=-méB 1976=7=13=hé=mB 1976=7=17=h13=-m28  1976=7=21=h2Z-méB  1976=7=26-hE-mB 1976=7=38=h17=-m21

Figure 5. The month of the first earthquake (China; Tangshan; 28.7.1976; 03:42:00) from the list of 41 earthquakes. The time of
the earthquake is indicated by the vertical red line. The curve indicates the change in the probability of an earthquake following
the pattern of the 41 earthquakes. The sum over the pattern one day before the event to one day after the event was made here.
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A list of earthquakes (Earthquakes of magnitude 6.5 or greater or those that
caused fatalities, injuries or substantial damage. BRK-Berkeley. PAS-Pasadena.) in
the time period [1997-01-05 to 2002-06-18], which contains major earthquakes in
a relatively small time period, presents a particular challenge for pattern forma-
tion. A function that indicates a change for the probability of earthquakes must
show the earthquakes from the list, but not very many from randomly selected
events 513 earthquakes in 112 months, an average rate of 4.58 earthquakes per
month.

Table 1 shows the process of optimization. First, only the matrix /;; was op-
timized. The difference of earthquakes detected from the list of earthquakes to
the continuum was 18%. The addition of other matrices reached a difference
49%. Table 1 clearly shows the influence of each matrix on the overall result. If
all matrices are optimized simultaneously in the D4 space, the final result is 55%
for the discriminatory power (difference).

82% from the group of 513 earthquakes were identified as earthquakes. From
a randomly selected comparison group of 1000 events, 27% were identified as
earthquakes. The comparison group of 1000 events was randomly selected over a
period from 1900 to 2100. This 27% may include events where an earthquake
has occurred or will occur.

Considering only the comparison period 1997 to 2002-6 in which the 513
earthquakes occurred, the pattern is: 52% are identified from the group of 513
earthquakes. 35% are identified as earthquakes from the comparison group of
1000 events. This results in a discriminatory power of only 17%.

The expected value that an event from the comparison group of 1000 ran-
domly chosen events coincides with an earthquake from the group of 513 earth-
quakes is 255. Of the 1000 randomly chosen events for comparison, possibly
about 255 events fall within +12 h of an earthquake. This of course explains the
low discriminatory power of 17%. The pattern should be valid beyond the period
of the earthquake Iist, therefore the comparison period must be chosen larger.

In February 2023 (2023-02-06-01-17) a strong earthquake took place in areas
of Turkey and Syria. Are these indicated by the two patterns 41 and 513 earth-
quakes? The study of earthquakes has shown that the time preceding the event is
also characteristic. Therefore, the preceding day is also included in the following
images.

Figure 5; Curve of the pattern 41 earthquake for the period 2023-2. The ver-
tical red line marks the 2023-2-6-1-17 earthquake in Turkey and Syria.

From the curve (Figure 6) it cannot be seen that this earthquake was very
probable. It does not fall under the recognized earthquakes. Probably here the
stresses were so large that small events were already sufficient for triggering to
occur.

The curve of pattern-513 (Figure 7) shows an area of increasing probability
for an earthquake. The event thus falls into the group of earthquakes identified
by the pattern.
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Figure 6. Curve of the pattern 41 earthquake for the period 2023-2. The vertical red line marks the 2023-2-6-1-17 earthquake in
Turkey and Syria.
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Figure 7. Curve of the pattern 513 earthquake for the period 2023-2. The vertical red line marks the earthquake 2023-2-6-1-17 in
Turkey and Syria.
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Table 1. The result of optimization: adding more matrices shows the improvement of the
quality of the pattern (2).

Cumulation Matrix H +Matrix D +Matrix / +Matrix DA all matrices
Difference/Sharpness
Comparison period 18% 23% 45% 49% 55%

1900 to 2100

Although both patterns have recorded very different earthquakes, there is a
very clear similarity in the curves. The 2023-2 period is well outside the time pe-
riod in which the pattern-41 earthquakes (1900 to 2000 period) and 513 earth-
quakes (1997 to 2002-6 period) were produced.

2. Summary

The patterns studied here cannot predict earthquakes! However, they do indicate
the increased probability of earthquakes from the oscillatory patterns of the pla-
netary gravitational field. They are suitable, in the context of a larger Al to be an
element for probabilistic prediction of earthquakes. Other studies have also
shown that Pluto need not be omitted, although its gravitational influence is
certainly negligible. This is only plausible if one considers information, in addi-
tion to matter and energy, as a basic building block of the universe. The more or
less strongly coupled oscillators (planets) in the solar system produce an oscilla-

tion pattern that represents a factor in the evolution [1].
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