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The short-term forecasting of vibration is considered, in which 
the trend of the gravitational constant is used as the initial data 
for forecasting. The trend is recorded throughout the entire 
period of maturation of the vibration at points on the earth's 
surface far from its epicenter. 
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1 INTRODUCTION 

Forecasting earthquakes remains very relevant for humans, but 
the problem has not yet been resolved [Kanamori 2004]. The 
forecasting methods adopted in seismology, based on a 
comparison of the monitored parameters current values with 
their standard, do not lead to the desired result  
[Console 2003, Faenza 2003, Geller 1997, Gerstenberger 2005, 
Giovambattista 2000]. 
This problem is especially acute in short-term forecasting, the 
solution of which is to increase the information content of 
earthquake precursors that have proven themselves in practice 
[Nagornyi 2018]. 
So, based on long-term experience of forecasting, showed that 
as a prognostic sign it is necessary to consider not only the 
current value of the control parameter, but also take into 
account its change dynamics during the controlled object 
observation period [Nagornyi 2017-2020]. In other words, the 
observed phenomenon should not be regarded as a statically 
frozen picture, but should be presented as a process whose 
characteristics continuously change throughout the observation 
period [Panda 2014, 2018a,b, 2019; Mascenik 2014; Valicek 
2016 and 2017, Macala 2009 and 2017, Pandova 2018, 
Monkova 2013, Dyadyura 2017]. Externally, this process 
manifests itself as trajectory (trend) of a change in time of a 
controlled parameter. This trend contains information 
necessary for decision-making, both about the current state 
criticality degree of seismic situation, but also about the 
moment of the earthquake. This forecasting method is called 
trend forecasting [Lonzich 2012]. 
The success of forecasting largely depends on the sensitivity of 
the precursor to changes in the seismic situation. The variation 
of the gravity force fully meets these requirements  
[Antonov 2000, Bulatova 2005, Volodichev 2001, Dobrovolskiy 
2005, Levin 2001, Mikhaylov 2005, Parriskiy 1984, Starostenko 
2005, Fedorov 2005, Khain 2007]. The study of gravity 
variations is the most important aspect of research in modern 

geodynamics and the most promising direction of short-term 
earthquake prediction. 
 
This article discusses the results of short-term earthquake 
prediction obtained on the basis of these data using the 
methodology described in [Nagornyi 2018]. The statistics of 
gravity variation (gravitational constant) contains information 
about 7 strong earthquakes, the epicentres of which were at a 
distance of 4-7 thousand kilometres from the recording station 
[Khain 2007]. 

2 RESEARCH METHODOLOGY 

Meanwhile, at “Binagadi” prognosis station of the ground of 
Scientific Research Institute on prognosis and studying of the 
earthquakes (Baku city) during several (2004—2006) years are 
permanently registered the changes of gravity before strong 
earthquakes, the centers of which are in the distance of tens 
thousands kilometers from the station of registration.  
The measurements are carried out by simultaneously four high-
accuracy quartz gravimeter of KV and KS type [Khain 2007]. 
The gravimeters are chosen so that their readings can be equal 
to the maximum, i.e. the graduating marks and zero-point shift 
in absolute values can be characterized among themselves with 
little difference. The statistic data show, that the gravitational 
signals were registered in 90% of cases, on average 8-15 days 
before strong earthquakes.  
These data constituted a statistical series of numbers "time - 
gravitational signal" and were the source material for 
predicting earthquakes. Graphically, this series is depicted in 
the form of a time graph - a trend, the mathematical analysis of 
which allows predicting the earthquake time Tfor. 
The earthquake time (Тfor), was determined in the process of 
minimizing the functional U (1)  
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where Нmod - the value of the controlled parameter, calculated 
by the predictive model; n - the number of time series values. 
The analytical expression for the predictive model is as follows:  
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где Тfor – earthquake time forecast; t0, t - registration time of 
the controlled parameter, respectively, at the time of the initial 
and current measurements; Н(t0) - the value of the controlled 
parameter, recorded during the first measurement; 
А, В, α, β - experimental parameters, determined together with 
time Тfor in the process of approximation of the graph of the 
parameter Н by the predictive model (2). 
In [Nagornyi 2018], along with predicting the time of the onset 
of an earthquake, its magnitude Mfor is also predicted. For this 
purpose, in [Nagornyi 2018] , based on the well-known Richter 
formula [Richter 1958] , the following expression was obtained. 

ref

for
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A

A
ММ log , (3) 

where 
reffor MM ,  is the magnitude, respectively, of the 

predicted and reference earthquakes; 
reffor AА , is the 

magnitude of the precursor, respectively, of the predicted and 
reference earthquakes. 
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3 RESEARCH RESULTS 

3.1 Forecasting earthquake timing 

3.1.1 The earthquake in Indonesia on 26.12.2004 (M 9) 

 
Figure 1. Variations of gravity before earthquake in Indonesia 
(26.12.2004) 

Execution, 

Date 
19.12.2004 21.12.2004 22.12.2004 24.12.2004 

Forecast, 

Date 
27.13.2004 29.12.2004 26.12.2004 26.12.2004 

Deviation, 

dt, days 
1.0 3.0 0.0 0.0 

Table 1. Earthquake time forecast (actual date of the earthquake 
26.12.2004) 

 
Figure 2. Forecast scatter field 

3.1.2 The earthquake in   Pakistan on 8.10.2005 (M 7.7) 

 
Figure 3. Variations of gravity before earthquake in Pakistan 

(8.10.2005) 

Execution, 

Date 
5.10.2005 6.10.2005 7.10.2005 8.10.2005 

Forecast, 

Date 
8.10.2005 9.10.2005 9.10.2005 9.10.2005 

Deviation, 

dt, days 
0.0 1.0 1.0 1.0 

Table 2. Earthquake time forecast (actual date of the earthquake 

8.10.2005) 

 
Figure 4. Forecast scatter field 

3.1.3 Earthquake in Philippines on 05.02.2005 (M 7.1)  

 
Figure 5. Variations of gravity before earthquake in Philippines 
(05.02.2005)  

Execution, 

Date 
1.02.2005 2.02.2005 3.02.2005 4.02.2005 

Forecast, 

Date 
5.02.2005 5.02.2005 5.02.2005 5.02.2005 

Deviation, 

dt, days 
0.0 0.0 0.0 0.0 

Table 3. Earthquake time forecast (actual date of the earthquake 
05.02.2005) 

 
Figure 6. Forecast scatter field 

3.1.4 The earthquake in South Iran on 13.03.2005 (M 6)  

 
Figure 7. Variations of gravity before earthquake in South Iran on 
(13.03.2005) 
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Execution, 

Date 
10.03.2005 11.03.2005 12.03.2005 13.03.2005 

Forecast, 

Date 
13.03.2005 12.03.2005 13.03.2005 13.03.2005 

Deviation, 

dt, days 
0.0 -1.0 0.0 0.0 

Table 4. Earthquake time forecast (actual date of the earthquake 
8.10.2005) 

 
Figure 8. Forecast scatter field 

3.1.5 Earthquake in Indonesia on 27.05.2006 (M6.3)  

 
Figure 9. Variations of gravity before earthquake in Indonesia  

on 27.05.2006  

Execution, 

Date 
23.05.2006 24.05.2006 25.05.2006 26.05.2006  

Forecast, 

Date 
28.05.2006 27.05.2006 27.05.2006 27.05.2006 

Deviation, 

dt, days 
1.0 0.0 0.0 1.0 

Table 5. Earthquake time forecast (actual date of the earthquake 
27.05.2006) 

 
Figure 10. Forecast scatter field 

 

 

 

3.1.6 Earthquake in the Kuriles on 15.11.2006 (M 8.3) 

 
Figure 11. Variations of gravity before earthquake in Indonesia  

on 15.11.2006   

Execution, 

Date 
12.11.2006 13.11.2006 14.11.2006 15.11.2006 

Forecast, 

Date 
14.11.2006 15.11.2006 15.11.2006 16.11.2006 

Deviation, 

dt, days 
-1.0 0.0 0.0 1.0 

Table 6 Earthquake time forecast (actual date of the earthquake 
15.11.2006) 

 
Figure 12. Forecast scatter field 

3.1.7 Earthquake in Taiwan on 26.12.2006 (M 7.4)  

 
Figure 13. Variations of gravity before earthquake in Indonesia  

on 26.12.2006   

Execution, 

Date 
23.12.2006 24.12.2006 25.12.2006 26.12.2006 

Forecast, 

Date 
26.12.2006 26.12.2006 26.12.2006 27.12.2006 

Deviation, 

dt, days 
0.0 0.0 0.0 1.0 

Table 7. Earthquake time forecast (actual date of the earthquake 

26.12.2006) 



 

 

MM SCIENCE JOURNAL I 2021 I OCTOBER  

4789 

 

 
Figure 14. Forecast scatter field 

3.2 Predicting magnitude 

In [Khain 2007] the correlation between the magnitude of an 
earthquake and its precursor, the value of the gravitational 
constant, is shown and explained (Fig. 15).  

 
Figure 15. The graph of the magnitude from the period of quasi-wave 

variation Δg. 

Fig. 16 shows the summary information on the change in the 
trends of the gravitational constant registered in Indonesia in 
2004 - 2006 on the eve of the next strong earthquake. 

 
Figure 16. Changes in the trends of the gravitational constant on the 

eve of the earthquakes in Indonesia in 2004 - 06 years 

Fig. 17 presents the forecast of the strength of the earthquake 
(M 8.7), which occurred in Indonesia on March 28, 2005. In this 
case, an earthquake with a force of 9 magnitudes recorded in 
Indonesia on December 26, 2004 was considered as a reference 
one (formula 3). 

 
Figure 17. Comparison of actual and forecasted magnitudes  
(Indonesia, March 28, 2005) 

4. THE RESULTS DISCUSSION 

The prediction results show that the prediction scatter field, as 
a rule, is within ± 1 day. Moreover, as we approach the date of 
the earthquake (Tab. 1-7), the scattering tends to zero. 
Comparison of the actual and predicted magnitudes (Fig. 17) 
indicates their insignificant (0.2 magnitude) differences. 

5. CONCLUSIONS 

The statistics, significant in volume, clearly show that the 
combination of trend forecasting with the use of gravitational 
constant variations as input data is an effective means of short-
term earthquake forecasting.  
In this case, not only the time of the earthquake is reliably 
predicted, but also its strength. 
To solve the forecasting problem in full, it is required to 
indicate the epicentre of the earthquake. The considered 
forecasting technique also solves a similar problem.  
In this case, the initial data on the variation of the gravitational 
constant should be synchronously recorded in at least 2-3 
observation stations spatially spaced across the globe. 
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