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Abstract 

Studies of precursors and events that occur before an earthquake is one of the most important problem that arose in  

todays’ seismology. Earthquake prediction has become the issue that needs to be solved, it will help us to forecast 

destructive earthquake. In this article we will discuss water level daily monitoring in several boreholes located in different 

parts of Georgia. 
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Introduction 

The main reason of this research was to find the answer to the question is the  change of water level in the boreholes 

the same effect on the incoming earthquake appearance as the variations of magnetic fields or not. 

The hypothesis for possible correlations between the earthquakes and the variations of magnetic fields, Earth’s 

horizontal and vertical currents in the atmosphere, was born when in the when the historical data on the Black Sea was 

systemized. The achievement in the Earth surface tidal potential modeling, with the ocean and atmosphere tidal influences 

being included, makes an essential part of the research. In this sense, the comparison of the Earth tides analysis codes [1] 

was very useful. The possible tidal triggering of earthquakes has been investigated for a long period of time [2].  

The earthquake-related part of the models has to be infinitely repeated in the “theory–experiment–theory” process, 

using nonlinear inverse problem methods in looking for correlations between the different fields in dynamically changing 

space and time scales. Each approximate model supported by some experimental evidence should be included in the 

analysis. The adequate physical understanding of the correlations among electromagnetic precursors, tidal extremes and a 

impendant earthquake is related to the progress of an adequate Earth magnetism theory and electrical currents distribution, 

as well as to the quantum mechanical understanding of the processes in the earthquake source volume before and during 

the earthquake. 

Simultaneous analysis of more accurate space and time measuring sets for the Earth crust condition parameters, 

including the monitoring data of the electromagnetic field under and over the Earth surface, as well as the temperature 

distribution and other possible geophysical precursors, would be the basis of nonlinear inverse problem methods. It could 

be promising for studying and solving the “when, where and how” earthquake prediction problem. 

The discovery of geomagnetic quake as reliable precursor for increasing of 

regional seismicity 

 

In December 1989, a continuous measurement of a projection of the Earth's magnetic field (F ) with a 

magnetometer (know-how of JINR, Dubna, Boris Vasiliev) with absolute precision less than one nano-Tesla at a sampling 

rate of 2.5 samples per second was started. The minute’s mean value of F, its error mean value, the minute’s standard 

deviation SDF, and its error were calculated, i.e., every 24 hours, 1440 quartets of data were recorded. 

Minute standard deviation of F is defined as: 
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where m is the chosen time interval and n is the number of simples during the period, 
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with  mN
 
the number of samples per minute. 

The connection between variations of local geomagnetic field and the Earth currents was established in INRNE, 

BAS, Sofia, 2001 seminar [3]. The statistic of earthquakes that occurred in the region (1989-2001), confirmed the 

Tamrazyan notes [4,5], that the extremes of tides are the earthquake’s trigger. The Venedikov’s code [6,7] for calculating 

the regional tide force was used [8]. 

The signal for imminent increasing regional seismic activity (incoming earthquakes) is the “geomagnetic quake” 

(Gq), which is defined as a jump (positive derivative) of daily averaged SDFmean, devoted to half sum of middle 

geomagnetic field indices. Such approach permits to compare by numbers the daily behavior of the geomagnetic field 

with those in other days. 

Among the earthquakes occurred on the territory under consideration in certain time period, the “predicted” one is 

the earthquake with magnitude M and distance between epicenter and monitoring point Distp,  which is identified by the 

maximum value of the function:  

 
 

                
 28.45.1 /10 pp

M

ChtM DistDepthDS    2/ kmenergy                            (3) 

where D=40 km is a fit parameter. 

The physical meaning of the function SChtM is a surface density of earthquake’s energy in the point of 

measurement. It is important to stress out that the first consideration of the earthquake magnitude M and epicenter 

distance dependence was obtained using nonlinear inverse problem methods. Obviously, the close distance strong 

earthquake (with relatively high value of SChtM) will bear more local Earth currents variations, which will generate more 

power geomagnetic quake. 

It is very important to note that in the time scale of one minute, the correlation between the time period of 

increasing regional seismic activity (incoming earthquake), and tide extrema, recognized of predicted earthquake was 

established using the Alexandrov’s code REGN for solving the over - determined nonlinear systems [8,9]. The very big 

worthiness of Alexandrov’s theory and its code is possibility to choose between two functions, which describe the 

experimental data with the same hi-squared, the better one. 

 

Day-Difference analysis 

 

The role of the electromagnetic variations as earthquake’s precursor can be explained in general by the 

hypothesis: the strain accumulation in the Earth Crust during the earthquake preparation causes medium’s density change, 

within which a chemical phase (“dehydration”) shift and a corresponding electrical charges shift appears. The Earth tides 

extreme as earthquake’s trigger could be based on the hypothesis of “convergence of tidal surface waves” in the region 

(territory with prominent tectonic activity as consequences of chemical phase shift) of impending seismic activity. 

For every occurred earthquake was calculated “day-difference”; the smaller absolute time difference between the 

hypocenter time and the daily times of pre and post tide’s extreme time at that site on the Earth surface (the earthquake 

epicenter). This procedure was provided on all reported earthquakes in ISC catalogue (http://www.isc.ac.uk/) for the time 

period 1981-2011 and M≥3.5. The program for calculating of daily averaged module of vector movement Tmean is based 

on Dennis Milbert TIDE program (solid.for), by which Tide data could be calculated only for the time period after 1981. 

The DailyTide time of the Tide extremes Tmean were calculated by analogy of center mass calculation. 

The statistic of day-differences for the earthquakes that occurred worldwide (1981-2011) and the Gaussian fitted 

curve (Fig.4), confirmed the Tamrazyan notes [5,6] from 1960-th, that the extrems of tides play a role of earthquake’s 

trigger. 

 

Data and stations 

 

The main reason of this research was to find the answer to the question has changing water level in the boreholes 

the same effect on the earthquake appearance as the variations of magnetic fields or not. 

The hypothesis for possible correlations between the earthquakes, the variations of magnetic fields, Earth’s 

horizontal and vertical currents in the atmosphere, was born when in early 1988, the historical data on the Black Sea was 

systemized. The achievement in the Earth surface tidal potential modeling, with the 
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 ocean and atmosphere tidal influences being included, makes an essential part of the research. In this sense, the 

comparison of the Earth tides analysis codes [6] is very useful. The possible tidal triggering of earthquakes has been 

investigated for a long period of time [7].  

After studying this fact a hypothesis was born may be we can forecast earthquake using the same methodology. 

Before discussing our methodology let stop our attention on the boreholes, which are located in different parts of 

Georgia.We have Ajameti borehole (depth 1300 m); Axalkalaki (1400 m); Borjomi-70 (1300 m); Kobuleti (2000 m); 

Lagodehi (800m) and Marneuli (3500m). 

The location of these boreholes is shown in Fig.1a. 

 

Fig.1a Map of boreholes in Georgia 

Here is the detail description of the boreholes: 

Borehole 
Depth, 

meters 

Filter interval, 

meters 
Lithology 

Geological 

intervals, 

meters 

Water 

level, meters 

Ajameti 1330 520-740 Litostone 520-740 -6 

Ahalkalaki 1400 1000 

Tuff, andezit, 

basalt, dolomite 580-1000 -0.2 

Borjomi-70 1330 1260-1300 Clay 0-12 -22 

Kobuleti 2000 187-640 

Tuff, andezit, 

bazalt 
0-150 

150-2000 -0.5 

Lagodehi 800 255-367 Sand+gravel 0-24 -15.8 

Marneuli 3500 1235-1600 Gravel 0-50 -5 

 

Methodology of analysis 

We have selected earthquakes with magnitude M ≥ 3.5 at distance D ≤ 500km from boreholes for 2011,2012 and 

2013 years. After format conversion of water level data we calculate the daily standard deviation (daily level signal). 

When we have the jump of today and yesterday signals we say that we have a precursor for incoming regional seismicity. 

After this we analyze the day difference between occurred earthquakes and next extreme of the tide, calculated using 

Dennis Milbert Fortran code for local tidal behavior, http://home.comcast.net/~dmilbert/softs/solid.htm.      

For precursors calculation we used one hour water level data. The statistic evidence that water level precursors can 

be used for estimation of incoming regional seismic situation is illustrated in the figures 2,3 and 4,5.  

http://home.comcast.net/~dmilbert/softs/solid.htm
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Fig.1b The map of earthquakes during 2011-2012 

 

 

 

Fig.2 Marneuli borehole daily monitoring including period of great earthquake in Turkey (2011) 

 

As we see in figure 2 the first graph in the left corner is the picture of tidal behavior [m], the next shows the energy 

(J/km
2

), the next – magnitude, and the last describes precursors (red columns) and water level signals (blue points). The 

blue points has been count using normal standard deviation and the red columns so called precursors were obtain by 

subtraction of the daily standard deviation of today and the previous day [10,11]. The first graph in the right corner is 

water mean during 23 October the period of great Turkey earthquake and the next describes standard deviation of water 

level [12]. 

The same emplacement is shown for another period in the figure 3. 
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Fig.3 Marneuli borehole daily monitoring (2012,2013) 

 

 

 

 

 

 

 

 

 

Fig.4 Marneuli borehole Gauss Distribution for day difference (2011-2012,2012) 
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Fig.5  Marneuli borehole Gauss Distribution for day difference (2013) 

From the figures 4 and 5 we see that the day difference distribution from 2011 until 2013 are described well by 

Gaussian curve with the R-square not less than 0.90. 

The figure 6 presents frequency count for the distance of the selected by precursors earthquakes with maximal 

energy density in monitoring point with increment 10 km. 

The highest number of  the earthquakes is at the distance 300-350 km (Turkey earthquakes), the earthquake at 

distance 350-450 km are Iran earthquakes and the other one that are at distance less than 300 km are regional local 

earthquakes.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.6 Two boreholes frequency counts for distance of selected by precursors quakes 

And frequency count of distance on Marneuli borehole 2013 

Conclusion 
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As conclusion we can say that the using in analogy of geomagnetic quake approach of daily boreholes water data 

level analyzes can serve as precursor of increasing regional seismic activity. 

References  

1. Venedikov A. P., Arnoso R., and Vieira R.: A program for tidaldata processing, Computer & Geosciences, 29, 

4, 487–502,2003. 

2. Tamrazyan G.P., Tide-forming forces and earthquakes, ICARUS, Vol.7, pp.59-65, 1967. 

3. Mavrodiev S.Cht., Thanassoulas C., "Possible correlation between electromagnetic 

earth fields and future earthquakes", ISBN 954-9820-05-X, Seminar proceedings, 23-27 July, 2001, INRNE-BAS, 

Sofia, Bulgaria, 2001. 

4. Knopoff L., Earth tides as a triggering mechanism for earthquakes, Bull. Seism. Soc. 

Am. 54:1865–1870, 1964. 

5. Tamrazyan G.P., Tide-forming forces and earthquakes, ICARUS, Vol.7, pp.59-65, 1967. 

6. Tamrazyan G.P., Principal ragularities in the distribution of major earthquakes relative 

to Solar and Lubar tades and other Cosmic forces, ICARUS, Vol.9, pp.574-592, 1968,15. 

7.  Venedikov A. and Arnoso R.: Program VAV/2000 for Tidal Analysis of Unevenly 

Spaced Data with Irregular Drift and Colored Noise, J. Geodetic Society of Japan, 47, 1, 281–286, 2001.  

8. Alexandrov L., Program code REGN, PSR 165 RSIK ORNL, Oak Ridge, Tennessee, 

9. Mavrodiev S.Cht., and Pekevski L., Complex Regional Network for Earthquake Researching and Imminent 

Prediction, Electromagnetic phenomena related to earthquakes and volcanoes, Editor: Birbal Singh, Publ., 

Narosa Pub. House, New Delhi, pp.135−146, 2008. 

10.  T. Chelidze, T. Matcharashvili, and G. Melikadze, Earthquakes’ Signatures in Dynamics of   Water Level 

Variations in Boreholes, In: Synchronization and Triggering: from Fracture to Earthquake Processes, Eds.V.de 

Rubeis, Z. Czechowski, R. Teisseyre, Geoplanet: Earth and Planetary Sciences, 2010, Vol. 1, Part 3, 287-

304, DOI: 10.1007/978-3-642-12300-9_20, Springer. 

11. G. Kobzev, G. Melikadze, T. Jimsheladze., New method of hydrodynamical data analyse, Workshop-

ceminarmateraials “BlackSeaHazNet Series, Vol. 25-72, 2011, Tbilisi, Georgia 

12. .A.Sborshchikovi, G.Kobzev, S.Cht.Mavrodiev, G. Melikadze BOREHOLES WATER LEVEL AND 

EARTHQUAKE’S DAILY MONITORING, Nano Studies 2013 8 203-212 

 

 

 

 

ჭაბურღილებში წყლის დონის ყოველდღიერი მონიტორინგი და  

მიწისძვრების პროგნოზი 

ა.სბორშიკოვი, გ.კობზევი, ს.მავროდიევი, გ.მელიქაძე 

რეზიუმე 

                 პრეკურსორების და სხვა მოვლენების შესწავლა არის თანამედროვე მეცნიერების ერთ-ერთი 

უმნიშვნელოვანესი საკითხი. მიწისძვრების წინასწარმეტყველება გახდა ერთ-ერთი იმ პრობლემებიდან, 

რომლებიც აუცილებლად უნდა გადაიჭრას და ამ ამოცანის  

 

http://www.springerlink.com/content/?Editor=Valerio+de+Rubeis
http://www.springerlink.com/content/?Editor=Valerio+de+Rubeis
http://www.springerlink.com/content/?Editor=Zbigniew+Czechowski
http://www.springerlink.com/content/?Editor=Roman+Teisseyre
https://springerlink3.metapress.com/content/2190-5193/


95 

 

ამოხსნა დაგვეხმარება მომავალში შევამციროთ დამანგრეველი მიწისძვრების ეფექტი. ამ სტატიაში ჩვენ 

შევეხებით საქართველოს ტერიტორიაზე განლაგებულ სხვადასხვა წაბურღილების წყლის დონის 

მონიტორინგის საკითხს. 

 

Мониторинг уровня воды в скважинах и метод предсказания землетрясений 

А.Сборщиков, Г.Кобзев, С.Мавродиев, Г.Меликадзе 

 

Резюме 

 

Изучение прекурсоров и некоторых других процессов, предшествующих землетрясению, является одной из 

важнейших проблем современной науки. Предсказание землетрясений стало чуть ли вопросом номер один, 

который нуждается в решении, для того, чтобы смягчить последствия разрушительных землетрясений. В этой 

статье мы рассмотрим изменения уровня воды в скважинах и метод предсказания землетрясений. 

 


