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Preparation and implementation of the strongest earthquakes with a magnitude of 8-9 reflects
the planetary scale of their development, which is manifested in the dynamic processes taking
place in the Earth's hydrosphere. It is known about the increased information content of time-
tested signs of an impending catastrophe based on changes in the hydrogeodeformation field of
the Earth. So, solving the problem of predicting earthquakes, hydrogeological parameters of
the environment are used. The proposed approach to predicting earthquakes is carried out by
verifying of the dynamics of groundwater oscillations, based on information about the trend in
the level of water oscillations in wells on the eve of the earthquakes posted in periodicals. The
subsequent testing of earthquake prediction was also carried out based on studying the current
information on the dynamics of water level fluctuations in monitoring wells located in the
central part of Ukraine (on the Ukrainian Shield). Data from the regional base for studying the
hydrogeodeformation field of the Middle Dnieper region of the Dnipropetrovsk geophysical
expedition "Dneprogeofizika" were used.

XIV International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

10—13 November 2020, Kyiv, Ukraine



Introduction

Researchers have been studying the response of the underground hydrosphere to deformation
processes in the Earth's lithosphere for many decades [Besedina et al., 2015]. The research results
show that the hydrogeological parameters of the environment, even in relatively shallow aquifers,
make it possible to judge the dynamics of the underground hydrosphere.

Using hydrogeological parameters of the environment in predicting earthquakes consists not in the
search for more and more earthquake precursors, but in increasing the information content of the well-
known, time-tested and proven in practice signs of an impending catastrophe through the study of the
hydrogeodeformation field of the Earth [Besedina et al., 2015; Kopylov et al., 2019; Nagornyi, 2018;
Pigulevskiy et al., 2011].

The purpose of the research was to determine the possibility of predicting, including short-term, the
time of occurrence of an earthquake and assessing its magnitude based on the results of measurements
of water level fluctuations in 2010 and 2011 for two observation monitoring wells (Fig. 1) with a
depth of 815 m (Krivyi Rih) and 85 m (Dnipro city) [Pigulevskiy et al., 2011].

Initial data

The generation of seismic waves is accompanied by various disturbances in the hydrodynamic regime
of groundwater in the form of changes in pressure and water level in a hydrogeological well [Besedina
et al., 2015]. During the strongest earthquakes with a magnitude of 89, the influence of seismic
waves is recorded at distances of up to tens of thousands of kilometers from the epicenter, which
reflects the planetary scale of the impact of such earthquakes on the Earth's hydrosphere and
ionosphere [Velychko et al., 2016].

From a methodological standpoint, studies on the prediction of the strongest earthquakes had carried
out on the regional database of the Dnepropetrovsk geophysical expedition "Dneprogeofizika" to study
the hydrogeodeformation field of the Middle Dnieper region [Pigulevskiy et al., 2011] were made for
the first time in the history of seismic forecasting. The catastrophic earthquake that occurred on March
11, 2011, near the island Honshu (Japan) was taken as a reference event.

Figure 1 Overview map of the location of monitoring wells in the central part of Ukraine: 1 - Krivyi
Rih; 2 - Dnipropetrovsk
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Research results on the prediction of the strongest earthquakes

Fig. 2a shows the results of daily averaging of uncorrected data recorded in wells during 365 days
prior to the earthquake that occurred on March 11, 2011.

a b
Figure 2 Change in water level in control wells (a), "corrected” and "uncorrected" change in water
level in the well (b)

Fig. 2,b shows the change with and without considering the correction of the water level Hj in the
conditional well located at a unit epicentral distance from the epicenter of the future earthquake. The
water level Hy was determined from the following expression [Nagornyi, 2018]
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where: Hy and H; — water level, respectively, in conventional and control wells, index i, equal to one,
refers to the Kryvyi Rih well, 2 - Dnipropetrovsk, R - epicentral distance;
P — attenuation coefficient of seismic waves.

As follows from Fig. 2b, the correction leads to a decrease in the water level and a smoother nature of
its change.

The epicenter coordinates (x and y) and the attenuation coefficient £ were estimated from the results
of the numerical solution of the following equation.

H, R, -exp(p-R)=H, R, -exp(p-R,), (2)

Epicentral distances were R; > determined from the following expression:

. 2 . . 2
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R, = arctg -6372.8 ,km  (3)

sin x, sin x; + cos X, cos x, cos Ay,

where: x; and y; — respectively, geodetic latitude and longitude of the location of i - control well; x; and
y1 — respectively, geodetic latitude and longitude of the epicenter of the future earthquake;

Ayi — parameter equal to the difference in degrees of longitude of the location i — control well and
epicenter

AV, =y, — V.
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Values of the attenuation coefficient are shown in Fig. 4.

Figure 3 Forecast of the geographical latitude N (a) and longitude E of the epicenter (b)

Figure 4 The value of the attenuation coefficient of seismic waves

Tables 1 and 2 show a short-term forecast 7y of the earthquake date obtained as a result of minimizing
the "discrepancy" (4) of the water level trend Hy and the graph of the forecast model Hyoa (5) for
uncorrected (Table 1) and corrected (Table 2) data.
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where Ty— earthquake prediction; H,a,ff — model parameters determined in the process of minimizing
the "residual”" (4); #, t; — calendar time at the time of registration of the water level, respectively, for
the first and subsequent cases of measurements.

As follows from the tables, the correction leads to a decrease in the deviation of the forecast from the
actual date of the earthquake. In both cases, deviations are observed in a large direction, and, in the
first case, about two weeks, in the second - practically, for a week.
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Table 1 Short-term forecast Ty of the earthquake date based on uncorrected data (actual date of the

earthquake 11.03.2011)

Forecasting date 1.10.2010 17.12.2010 7.02.2011 11.03.2011
Earthquake forecast date 25.3.2011 24.03.2011 25.03.2011 25.03.2011
Deviation of the forecast

from the actual date 3.3% 3.1% 3.3% 3.2%
Deviation of the forecast
from the actual date in days 14 15 13 14

Table 2 Short-term forecast Ty of the earthquake date based on the corrected data (actual date of the
earthquake 11.03.2011)

Forecasting date 6.03.2011 7.03.2011 9.03.2011 11.03.2011
Earthquake forecast date 19.03.2011 23.03.2011 19.03.2011 20.03.2011
Deviation of the forecast o o o o

from the actual date 1.8% 2.8% 1.9% 2.1%
Deviation of the forecast ] 12 ] 9
from the actual date in days

Conclusions

The presented results show one of the possible ways to solve the actual problem of earthquake
prediction, including short-term one. The new approach of prediction of a seismic hazard is not based
on the results of comparing the precursor of an earthquake with a certain standard. The dynamics of
changes in the geological environment is monitored as a harbinger of an expected natural disaster
during its maturation. The standard compiled based on previously occurring earthquakes does not
reflect the specifics of the formation of the next predicted earthquake. The time-tested and well-proven
change in the water level in observation wells, which is based on the catastrophic earthquake of March
11, 2011, near Honshu Island (Japan), is considered as a precursor.

The use of obtained forecasts from the analysis of these complementary precursors can significantly
increase the accuracy and reliability of forecasting, which is a necessary condition for predicting an
earthquake, especially a short-term one.
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