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The article presents the results of approbation the vibration 
forecasting methodology based on the synchronous 
measurement results of water level fluctuations in several 
observing wells. These fluctuations are caused by the shocks 
impact generated in a distant source of a maturing vibrations. 
The approbation demonstrated the reliable forecast possibility 
of earthquake time and its epicenter coordinates. 
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1 INTRODUCTION 

Forecasting an earthquake based on the results of monitoring 
its precursors is a very urgent task [Kanamori 2004]. Thus, it 
was found [Nagornyi 2018a] that, based on the results of 
studying the changes in linear soil seismic fluctuations during 
the observed period, it is possible to reliably forecast the time, 
the strength [Nagornyi 2018b,c] and the epicenter [Nagornyi 
2018d] of earthquakes. 
The water-saturated soil volumetric deformations are widely 
considered along with the soil seismic fluctuations. These 
deformations are indirectly evaluated by the change in the 
water level registered in the observed deep wells [Wang 2010]. 
During the strongest earthquakes of magnitude 8-9, the seismic 
waves influence is registered at up to tens of thousands of 
kilometers from the epicenter [Roeloffs 1998, Pigulevskiy 
2011], so this reflects the earthquakes planetary effect on the 
Earth's hydrosphere [Brodsky 2003]. This, in turn, makes it 
possible to forecast a future earthquake at wells far from its 
epicenter by monitoring volumetric soil fluctuations caused by 
the seismic waves impact reaching the well [Cooper 1965].  
In this regard, the above-mentioned earthquake forecast 
methodology approbation, which has demonstrated its 
effectiveness when considering the dynamics of changes in the 
soil linear seismic fluctuations [Nagornyi 2018d], is very 

relevant in the case of analyzing the soil volumetric 
deformations. At the same time, the water level synchronous 
monitoring at several wells allows obtaining additional 
information that allows forecasting the future earthquake 
epicenter coordinates [Panda 2014, 2018a,b, 2019 ; Valicek 
2016 and 2017, Macala 2009 and 2017, Pandova 2018, Balara 
2018, Monkova 2013, Gombar 2013, Murcinkova 2013, 
Bielousova 2017, Dyadyura, 2017, Duplakova 2018, Krehel 
2013, Flegner 2019, 2020, Markulik 2016, Mrkvica 2012, 
Modrak, 2019, Chaus 2018, Pollak 2020, Olejarova 2017, Rimar 
2016, Zaborowski 2007, Michalik 2014, Straka 2018a,b]. 
The information obtained at three observed wells in Ukraine 
was used as the initial data analysis [Kanamori 2004, Nagornyi 
2018, Wang 2010, Roeloffs 1998, Brodsky 2003, Cooper 1965, 
Bower 1978, Pigulewskiy 2011 and 2012]. 

2 RESEARCH METHODOLOGY 

It is assumed that the seismic disturbances propagation in the 
space surrounding the earthquake epicenter obeys the 
spherical wave equation: 
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where А0 – source amplitude; R – epicentral distance;  
ω – source frequency; φ0 – oscillation source phase; k – wave 
number. 
The problem solution of forecasting an earthquake, provides 
for the earthquake place and time determination. Let's 
consider the solution to each of the problems. 
 
Determining the epicenter coordinates. 
Based on equation (1), we write down the equations system (2) 
for the fluctuations amplitudes ξi, the water level in each of the 
observed wells. 
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We solve each of this system equations relative to the source 
amplitude A0, and we obtain the equations system (3). 
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Equating the equations left-hand sides that make up system (3), 
we obtain the working equations system (4). 
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System (4) is solved numerically relative to the epicentral 
distances Ri-1, Ri, Ri+1. Using expressions (5), which determines 
the distance between sphere two points, we pass from the 
epicentral distances R, provided that the wells coordinates are 
known, we directly determine the earthquake epicenter 
(longitude E °, and latitude N °). 
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where хО, yО – earthquake epicenter coordinates (N = хО,  
E = yО); хi and уi – the geodetic latitude and longitude of the 
location of the i - th observing well, respectively;  

iy  – parameter equal to the difference in degrees of location 

longitude of the i - th observing well and the epicenter 
(

ii yyy  0
). 

 
Determining the earthquake time. 
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The results of water levels measurements in observing wells are 
subjected to spectral analysis to increase their informativeness. 
The spectrum informative component according to [Nagornyi 
2018, Bower 1978] is the lunar-tidal frequency component of 
water level fluctuations. The repeatability of this component is 
1.94 times a day.  
Based on this component amplitude, synchronously registered 
in each of the three wells, the same component amplitude is 
determined in the observing well, conventionally located at the 
forecasted earthquake epicenter 
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As a result of minimizing the "discrepancy" (7) of the water 
level trend A0(ti) and the forecast model graph Amod (8), one of 
its parameters Tfor is determined, which numerically coincides 
with the earthquake sought time 
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where: Тfor – earthquake time forecasting; A,α,β – model 
parameters determined in the minimizing the "discrepancy";  
t0, ti – calendar time at the water level registration for the first 
and subsequent measurements cases, respectively. 

3 RESEARCH RESULTS 

The initial data for the analysis [Pigulevskiy 2011 and 2012] 
were registered for 50 days (from December 16, 2004 to 
February 4, 2005) in three observing wells as shown in Fig. 1. 
The wells coordinates are as follows: 

- well № 1 N: 47.91°, Е:33.39°; 
- well № 2 N: 48.46°, Е:35.14°; 
- well № 3 N: 47.49°, Е:34.59°; 

 
Figure 1. Observing wells location map in the central part of Ukraine:  

1 - Krivorozhskaya; 2 - Dneprovskaya, 3 - Mikhailovskaya 

The research results are shown in Figs. 2-7 and are presented in 
the Table 1. So, Fig. 2 shows graphs (trends) of changes in 
water levels registered in each of the considered wells. Here 
and below, we consider the water levels average values that 
were measured over the past week. Fig. 3 presents the water 
level fluctuations spectra, which show the lunar-tidal and daily 
components of the fluctuations, the last is due to the Earth 
rotation. Graphs of changes in the lunar-tidal component level 
registered in each of the wells during the observed period are 
shown in Fig. 4. The lunar-tidal component trend calculated by 
formula (6) for the observing well, conventionally located at the 
epicenter of the predicted earthquake, is shown in Fig. 5. For 

convenience, the graph is normalized by the first value of 
observed trend of this fluctuations component 

 
Figure 2. Change in average weekly water levels over the observation 
period 

 
Figure 3. Fluctuations spectra registered in observing wells 

 
Figure 4. Change over the observation period of the average weekly 
levels of the lunar tidal component 

 
Figure 5. Change in the average weekly levels of the lunar tidal 

component, reduced to the earthquake epicenter during the 
observation period 
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The graphs characterizing the change in the forecast of the 
future earthquake epicenter's geodetic coordinates at the end 
of 2004 and beginning of 2005 are shown in Fig. 6 and 7. 

 
Figure 6. The eastern longitude forecast of the Fukushima earthquake 
epicenter 

 
Figure 7. The northern latitude forecast of the Fukushima earthquake 
epicenter 

The nature of changes in the earthquake time during the 
monitoring observations when forecasting the calendar time is 
shown in Fig. 9 and in the Table 1. 

 
Figure 8. The Fukushima earthquake epicenter 

 

Table 1. Forecast table 

Forecast 
Date 

13.1.2005 20.1.2005 27.1.2005 4.2.2005 

Earthquake 
Date 
Forecast 

11.2.2005 5.3.2005 26.8.2006 11.3.2011 

The forecast 
deviation 
from the 
actual date 
in % 

-97.5 % -96.4 % -72.8 % 0.0 % 

4 THE RESULTS DISCUSSION 

From figure 1 it follows that the observation wells are spaced 
relative to each other at a considerable distance. This ensures 
the receipt of the necessary information content for reliable 
forecasting of the initial data. The water levels, depending on 
the well, varied from 1200 to 1700 mm (Fig. 2). 
In the spectrum of water level fluctuations, daily and lunar-tidal 
components are distinguished (Fig. 3). The highest level of the 
lunar-tidal component is recorded at well No. 3, the lowest at 
No. 2 (Fig. 4). An oscillation during the observed period (Fig. 5) 
of this component, recalculated according to formula (6) to the 
epicenter of the earthquake, is distinguished by a noticeable 
unevenness, reaching 35%. 
The forecast of the mean value of the epicentre coordinates, as 
it later turned out, differs within 1° from the actual values the 
earthquake coordinates, that occurred on March 3, 2011 in the 
area of the Japanese city of Fukushima (Fig. 8). 

The forecast of the date of the earthquake does not differ from 
its actual value. 

5 CONCLUSIONS 

The research novelty lies in the seismic hazard forecasting was 
carried out according to the analysis results of the dynamics of 
changes in the water component in the geological environment 
presented in this article. 
The initial observations for the analysis were first obtained as a 
result of synchronous monitoring measurements of the water 
level in three control wells in the territory of the hydro-
geodetic test site. 
As a result, 6 years before the earthquake, it was possible to 
unmistakably locate and forecast the earthquake date, in this 
case the Fukushima one, which is also a novelty of the material 
published in the article.  
Further research will be aimed at developing a methodology for 
forecasting the strength of an expected earthquake based on 
the results of monitoring observations of fluctuations in the 
groundwater level in control wells located at large distances 
from each other. 

ACKNOWLEDGMENTS 

This work was supported by the project VEGA 1/0226/21 of 
Scientific Grant Agency of the Ministry of education, science, 
research and sport of the Slovak Republic and the Slovak 
Academy of Sciences. 
 

REFERENCES 

[Balara 2018] Balara, M., Duplakova, D., Matiskova, D. 
Application of a signal averaging device in robotics. 



 

 

MM SCIENCE JOURNAL I 2021 I JUNE  

4386 

 

Measurement, 2018, Vol. 115, No. 2, pp. 125-132, Issue 5-8, 
ISSN 0263-2241. 

[Bielousova 2017] Bielousova, R. Developing materials for 
english for specific purposes online course within the blended 
learning concept. TEM Journal, 2017, Vol. 2017, No. 3, pp. 637-
642, ISSN 2217-8309. 

[Bower 1978] Bower, D., Heaton, K. Response of an aquifer 
near Ottawa to tidal forcing and the Alaskan earthquake of 
1964. Can. J. Earth Sci., 1978, No. 15, pp. 331–340. 

[Brodsky 2003] Brodsky, E.E., Roeloffs, E., Woodcock, D.,  
Gall, I., Manga, M.A. A mechanism for sustained groundwater 
pressure changes induced by distant earthquakes. J. Geophys. 
Res., 2003, No. 108, pp. 2390–2400. 

[Chaus 2018] Chaus, A.S., et al. Complex fine-scale diffusion 
coating formed at low temperature on high-speed steel 
substrate. Applied Surface Science, 2018, Vol. 437, pp. 257-270. 
ISSN 0169-4332. 

[Cooper 1965] Cooper, H.H., Bredehoeft, J.D., Papadopulos, I.S., 
Bennet, R.R. The response of well-aquifer system to seismic 
waves. J. Geophys. Res., 1965, No. 70, pp. 3915–3926. 

[Duplakova 2018] Duplakova, D., et al. Determination of 
optimal production process using scheduling and simulation 
software. International Journal of Simulation Modelling, 2018,  
Vol. 17, No. 4, pp. 447. 

[Dyadyura 2017] Dyadyura, K., Hovorun, T.P, Pylypenko, O., 
Hovorum, M., Pererva, V. Influence of roughness of the 
substrate on the structure and mechanical properties of TiAlN 
nanocoating condensed by DCMS. In: Proc. of the 7th IEEE Int. 
Conf. on Nanomaterials: Applications and Properties, 

NAP2017, 01FNC10, 2017. 

[Flegner 2019] Flegner, P., Kacur, J., Durdan, M., Laciak, M. 
Processing a measured vibroacoustic signal for rock type 
recognition in rotary drilling technology. Measurement, Journal 
of the International Measurement Confederation, 2019, Vol. 
134, pp. 451-467. 
[Flegner 2020] Flegner, P., Kacur, J., Durdan, M., Laciak, M. 
Statistical Process Control Charts Applied to Rock Disintegration 
Quality Improvement. Applied sciences, 2020, Vol. 10, No. 23 
pp. 1-26. 
[Gombar 2013] Gombar, M., Vagaska, A., Kmec, J., Michal, P. 
Microhardness of the Coatings Created by Anodic Oxidation of 
Aluminium. Applied Mechanics and Materials, 2013, Vol. 308, 
pp. 95-100. 
[Kanamori 2004] Kanamori, H., Brodsky, E.E. The physics of 
earthquakes. Rep. Prog. Phys., 2004, No. 67, pp. 1429–1496. 

[Krehel 2013] Krehel, R., Straka, L., Krenicky, T. Diagnostics of 
Production Systems Operation Based on Thermal Processes 
Evaluation. Applied Mechanics and Materials, 2013, Vol. 308, 
pp. 121-126. 

[Macala 2009] Macala, J., Pandova, I., Panda, A. Clinoptilolite as 
a mineral usable for cleaning of exhaust gases.  Mineral 
resources management, 2009. Vol. 25, No. 4, pp. 23-32. ISSN 
0860-0953.  

[Macala 2017] Macala, J., Pandova, I., Panda, A. Zeolite as a 
prospective material for the purification of automobile exhaust 
gases. In: Mineral resources management, 2017, Vol. 33, No. 1, 
pp. 125-138. ISSN 0860-0953. 

[Markulik 2016] Markulik, S., Kozel, R., Solc, M., Pacaiová, H. 
Causal dependence of events under management system 
conditions. MM Science Journal, 2016, Vol. Oct., pp. 1040-1042. 
ISSN 1803-1269. 

[Michalik 2014] Zajac, J., Hatala, M., Mital, D. and Fecova, V. 
Monitoring surface roughness of thin-walled components from 

steel C45 machining down and up milling. Measurement, 2014, 
Vol. 58, pp. 416-428. ISSN 0263-2241. 
[Modrak 2019] Modrak, V., Soltysova, Z., Onofrejova, D. 
Complexity Assessment of Assembly Supply Chains from the 
Sustainability Viewpoint. Sustainability, 2019, Vol. 11, No. 24, 
pp. 1-15. ISSN 2071-1050. 

[Monkova 2013] Monkova, K., Monka, P., Jakubeczyova, D. The 
research of the high speed steels produced by powder and 
casting metallurgy from the view of tool cutting life. Applied 
Mechanics and Materials, 2013, Vol. 302, pp. 269-274. 

[Mrkvica 2012] Mrkvica, I., Janos, M., Sysel, P. Cutting 
efficiency by drilling with tools from different materials. 
Advanced Materials Research, 2012, Vols. 538-541, pp. 1327-
1331. ISSN1022-6680. 
[Murcinkova 2013] Murcinkova, Z., Krenicky, T. 
Implementation of virtual instrumentation for multiparametric 
technical system monitoring. In: SGEM 2013: 13th Int. 
Multidisciplinary Sci. Geoconf. Vol. 1: 16-22 June, 2013, Albena, 
Bulgaria. Sofia: STEF92 Technology, 2013. pp. 139-144.  

[Nagornyi 2018a] Nagornyi, V.V. Earthquake forecasting by the 
results of the seismic signal trend analysis. Geofizicheskiy 
Zhurnal, 2018, No. 40, pp. 159–176. 

[Nagornyi 2018b] Nagornyi, V.V. The forecasting methodology 
the strength of the next earthquake. Utility model patent. 
Application registration number: u 2018 01307, Date of 
submission: 12.02.2018. 

[Nagornyi 2018c] Nagornyi, V.V. The forecasting methodology 
the time of the next earthquake. Utility model patent. 
Application registration number: u 2018 00119, Date of 
submission: 30.01.2018. 

[Nagornyi 2018d] Nagornyi, V.V. The long-term forecasting 
methodology of the next earthquake epicenter coordinates. 
Utility model patent. Application registration number: u 2017 
11548, Date of submission: 27.11.2017. 

[Nahornyi 2020] Nahornyi, V., Pigulevskiy, P., Svystun, V., 
Shumlianska, L. To the question of verification of forecasting 
methods of earthquakes. In: XIV Int. Sci. Conf. “Monitoring of 
Geological Processes and Ecological Condition of the 
Environment”, 10–13 November 2020, Kyiv, Ukraine. Extended 
Abstracts. 

[Olejarova 2017] Olejarová, S., Dobransky, J., Svetlík, J., Pituk, 
M. Measurements and evaluation of measurements of 
vibrations in steel milling process. Measurement: Journal of the 
International Measurement Confederation, 2017, Vol. 106, 
pp. 18-25. 
[Panda 2014] Panda, A., Duplak, J. Comparison of theory and 
practice in analytical expression of cutting tools durability for 
potential use at manufacturing of bearings. Applied Mechanics 
and Materials, 2014, Vol. 616, pp. 300-307. ISSN 1662-7482.   

[Panda 2018a] Panda, A., Dobransky, J., Jancik, M., Pandova, I., 
Kacalova, M. Advantages and effectiveness of the powder 
metallurgy in manufacturing technologies. Metalurgija, 2018. 
Vol. 57, No. 4, pp. 353-356. ISSN 0543-5846. 

[Panda 2018b] Panda, A., Olejarova, S., Valicek, J., Harnicarova, 
M. Monitoring of the condition of turning machine bearing 
housing through vibrations. International Journal of Advanced 
Manufacturing Technology, 2018, Vol. 97, No. 1-4, pp. 401-411. 
ISSN 0268-3768. 

[Panda 2019] Panda, A., et al. Development of the method for 
predicting the resource of mechanical systems. International 
Journal of Advanced Manufacturing Technology, 2019, Vol. 105, 
No. 1-4, pp. 1563-1571. ISSN 0268-3768.  

https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=3&SID=D5T3w1ouGA84EUei9r9&page=1&doc=7
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=3&SID=D5T3w1ouGA84EUei9r9&page=1&doc=7
https://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=CitationReport&qid=3&SID=D5T3w1ouGA84EUei9r9&page=1&doc=7
https://ieeexplore.ieee.org/author/37086207553


 

 

MM SCIENCE JOURNAL I 2021 I JUNE  

4387 

 

[Pandova 2018] Pandova, I., et al. Use of sorption of copper 
cations by clinoptilolite for wastewater treatment.  
International Journal of Environmental Research and Public 
Health, 2018, Vol. 15, No. 7, pp. 1-12. ISSN 1661-7827. 

[Pigulevskiy 2011a] Pigulevskiy, P.G., Svistun, V.K. Some results 
of the groundwater regime automated monitoring in aseismic 
territories (on the example of the Dnipropetrovsk region). 
Mineral resources of Ukraine, 2011, No. 2, pp. 42–48. 

[Pigulevskiy 2011b] Pigulevskiy, P.G., Svistun, V.K. Using base of 
hidrogeodeformation automated monitoring data of 
groundwater regime in earthquake prediction. In: 
Geoinformatics 2011 - 10th Int. Conf. on Geoinformatics: 
Theoretical and Applied Aspects, Geoinformatics 2011, Kiev, 
10-13 маy, 2011, p. 5. 

[Pigulevskiy 2012] Pigulevskiy, P.I. About the results of the 
magnetotelluric sounding of central part of the 
Srednepridneprovsky megablock. Scientific Bulletin of National 
Mining University, 2012, No. 2, pp. 20–26. 

[Pollak 2020a] Polllak, M., Dobransky, J. Structural design and 
material cutting using a laser end effector on a robot arm. TEM 
Journal, 2020, Vol. 9, No. 4, pp. 1455-1459, ISSN 2217-8309. 

[Pollak 2020b] Polllak, M., Kocisko, M., Paulisin, D., Baron, P. 
Measurement of unidirectional pose accuracy and repeatability 
of the collaborative robot UR5. Advances in Mechanicl 
Engineering, 2020, Vol. 12, No. 12, pp. 1-21. 

[Rimar 2016] Rimar, M., Smeringai, P., Fedak M., Kuna S. 
Technical and software equipment for the real time positioning 
control system in mechatronic systems with pneumatic artificial 

muscles. Key Engineering Materials, 2016, Vol. 669, pp. 361-
369. ISSN 1662-9795.  

[Roeloffs 1998] Roeloffs, E.A. Persistent water level changes in 
a well near Parkfield, California, due to local and distant 
earthquakes. J. Geophys. Res., 1998, No. 103, pp. 869–889. 

[Straka 2018a] Straka, L., Hasova, S. Optimization of material 
removal rate and tool wear rate of Cu electrode in die-sinking 
EDM of tool steel. International journal of advanced 
manufacturing technology, 2018, Vol. 97, No.  5-8, pp. 2647-
2654. 

[Straka 2018b] Straka, L., Hasova, S. Prediction of the heat-
affected zone of tool steel EN X37CrMoV5-1 after die-sinking 
electrical discharge machining. In: Proc. of the institution of 
mechanical engineers part B - Journal of engineering 
manufacture, 2018, Vol. 232, No. 8, pp. 1395-1406. 

[Valicek 2016] Valicek, J., et al. A new approach for the 
determination of technological parameters for hydroabrasive 
cutting of materials. Materialwissenschaft und 
Werkstofftechnik, 2016, Vol. 47, No. 5-6, pp. 462-471. ISSN 
0933-5137. 

[Valicek 2017] Valicek, J., et al. Identification of Upper and 
Lower Level Yield strength in Materials. Materials, 2017, Vol. 
10, No. 9, pp. 1-20. ISSN 1996-1944. 

[Wang 2010] Wang, C.-Y., Manga, M. Earthquakes and Water. 
Lecture Notes in Earth Sciences, 2010, Vol. 64.  

[Zaborowski 2007] Zaborowski, T. Ekowytwarzanie. Gorzow, 
2007, 100 p. 

CONTACTS: 

Prof. Eng. Anton Panda, PhD. 
Faculty of Manufacturing Technologies with a seat in Presov, 
Technical University of Kosice,  
Sturova 31, 080 001 Presov, Slovakia 
e-mail: anton.panda@tuke.sk 

mailto:anton.panda@tuke.sk

