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Annotation. This article analyzes studies devoted to the search for precursors of seismic 

activity by searching for anomalies in the measurement results of various parameters of the Earth's 

atmosphere and magnetosphere obtained using space infrastructure. The main limitations of 

studies devoted to the analysis of single facts of seismic activity are highlighted, as well as the 

advantages of data analysis applied to many facts of earthquakes at once. The description of the 

proposed method of applying technologies and methods characteristic of big data analysis to solve 

the problem of searching for precursors of seismic activity is given. The optimal structure of the 

information system proposed for solving the problem under consideration is described. 
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Introduction. 

Earthquakes are still natural disasters that have a random nature of occurrence. This is 

primarily due to the lack of understanding of the mechanism of interaction of processes occurring 

shortly before the onset of seismic activity. Many researchers are trying to find earthquake 

precursors, on the basis of which it would be possible to create a way to predict them. Currently, 

one of the most promising ways to solve the problem of searching for precursors of seismic activity 

is to search for anomalous deviations in the measured parameters of the atmosphere, ionosphere, 

and Earth's magnetic field. This approach consists in analyzing the results of measurements carried 

out with the help of scientific equipment in the area of occurrence of the epicenter of seismic 

activity to compare the values recorded immediately before and after the earthquake with the 

values recorded earlier. At the same time, the number of facts of seismic activity to be analyzed 

and the time period differ. 

One approach is to study in detail the changes in several physical processes for single facts 

of seismic activity. Examples of such studies are the analysis of data collected by a group of three 

spacecraft of the Swarm scientific project in relation to earthquakes that occurred in 2015 in Nepal 

[1, 2], in 2016-2017 in Italy [3, 4] and in 2019 in Papua, New Guinea [5]. In the course of these 

studies, it was possible to detect anomalies that can hypothetically be considered as harbingers of 

seismic activity. Such work is the optimal way to identify potential precursors of earthquakes, but 

it does not allow us to fully assess their effectiveness and applicability in the task of predicting 

seismic activity. 

An alternative way to identify the precursors of seismic activity is a broader analysis 

devoted to a small number of parameters, but including a large number of earthquakes over a long 

time period. In the case of using space infrastructure as a data source for research, the choice often 

falls on such an ionosphere parameter as the total electronic content (TEC). Thanks to the long 

period of operation of global navigation systems, the history of measurements of this parameter 

for several decades has become available to scientists. Statistical analysis of TEC measurements 

allows researchers to identify similar patterns of occurrence of anomalies shortly before the start 

of earthquakes for samples including hundreds of earthquakes with a magnitude of more than 5 

points over a period of more than 10 years [6-10]. The analysis of data on the propagation of low-

frequency and ultra-low-frequency waves using ground infrastructure also demonstrates the 

presence of a possible connection of ionospheric disturbances with seismic activity [11-13]. With 

this approach, researchers are able to identify common patterns in the occurrence of anomalies 



preceding earthquakes, but a limited set of parameters allows us to judge only the presence of 

certain trends and does not allow us to uniquely identify markers preceding seismic activity. 

Indicative in this case is a study devoted to the analysis of changes in the temperature of the Earth's 

surface as an indicator of the beginning of the formation of seismic activity [14]. As a result of the 

work carried out, the authors concluded that it is impossible to use the selected parameter as a 

harbinger of earthquakes, however, the results of the study may be useful for further research. 

None of the described approaches is currently able to effectively solve the problem of 

searching for earthquake precursors. Because in order to develop an algorithm capable of 

predicting the occurrence of seismic activity, it is necessary not only to identify anomalies 

potentially suitable for use as markers, but also to make sure that they are applicable for any 

earthquakes. After determining such markers, it will be necessary to determine the gradation of 

emerging anomalies to form a scale on the basis of which it will be possible to judge the likely 

parameters of a future earthquake. 

 

Methods 

In our opinion, the most promising way to solve the problem of searching for precursors 

of seismic activity is not to identify individual anomalies, but to determine the general pattern of 

their occurrence. It is the sequence of changes in the measured parameters that repeats for a large 

number of earthquakes that will allow us to realistically assess the probability of their 

occurrence, the probable magnitude and depth of the epicenter. Works devoted to the 

simultaneous analysis of many parameters of various physical processes demonstrate the 

presence of a probable effect of the interrelation of processes occurring in the lithosphere, 

atmosphere, and ionosphere of the Earth (LAIC effect). Understanding the mechanism 

underlying the LAIC effect will probably allow us to come close to developing a workable 

algorithm for predicting the likelihood of seismic activity. Studies on the LAIC effect are usually 

interdisciplinary and include the study of processes of various physical nature [15-17]. The 

differing physical nature of the processes under study usually implies the presence of various 

measuring devices, and hence data sources. This circumstance usually leads to a reduction in the 

number of earthquakes being analyzed, which means to some extent reduces the reliability of the 

identified earthquake precursors. The method proposed in this paper is to combine the 

advantages of the approaches used in the study of the LAIC effect and performing statistical 

analysis of parameters for a large sample of earthquakes. When solving the problem of searching 

for precursors of seismic activity in this way, there is a need to introduce special approaches and 

tools designed for big data analysis. 

The proposed approach entails a significant complication of the data preparation process 

for the study. This is primarily due to a significant increase in the amount of data to be collected, 

as well as the number of data source systems. When consolidating data from disparate sources, 

they will need to be cleaned and normalized, taking into account the features of the systems that 

supply them. Large amounts of data being analyzed simultaneously make conventional 

approaches ineffective. To carry out an effective analysis of the collected data, a special 

infrastructure will be required, including both a large amount of computing power, as well as 

specialized data storage systems and software that will allow for a significant share of 

automation of the analysis of newly incoming data. 

The optimal way to implement the proposed approach is to develop a specialized 

information system. Such an information system should have the following functionality: 

− Automated data collection from open sources on the Internet, as well as available 

measuring equipment; 

− Functionality for describing the collected data with the ability to display all 

transformations and transformations applied to them; 

− Storing the received information in an optimal form for further analysis and ensuring its 

safety; 



− Providing interfaces for uploading data from the system to third-party tools designed 

for data analysis and visualization; 

− To provide an environment for training and launching machine learning models in 

order to automate the process of processing huge amounts of data in the shortest possible time 

and identify non-obvious patterns. 

Based on the tasks set, the information system should have several mandatory 

components: 

− a software interface designed to receive and send data in various formats; 

− a database designed for data collection and storage, as well as providing the 

functionality of primary data processing; 

− a tool for describing uploaded raw data, datasets obtained by converting them, as well 

as metadata; 

− a tool for interacting with data stored in the system; 

− an environment for running machine learning models. 

Based on the described components, it is possible to determine the overall architecture of 

the system and designate the expected information flows between its components. The proposed 

architecture is shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 – General IS architecture 

 

Results 

Of course, the main expected result of the implementation of the proposed approach should 

be a better understanding of the mechanism underlying the LAIC effect. This will allow us to 

reliably assess the role of each of the studied processes in the process of earthquake formation. 

The marked-up data set obtained during the study will allow to quickly check the 

correctness of various patterns of occurrence of anomalies accompanying the formation of seismic 

activity. The desired pattern, in turn, should display only the correct sequence in which anomalies 

should be fixed and should not impose strict restrictions on the time intervals between them and 

other parameters characterizing individual markers. Such differences should be brought to a scale 

based on which it will be possible to judge the probability of an earthquake. One of the studies 

devoted to the LAIC effect can be cited as an example of the work on finding a common pattern 

of the occurrence of anomalies [16]. In it, the authors visualized the recorded anomalies on the 

timeline, obtaining a similar sequence for two different earthquakes. 

A side effect of the availability of a specialized information system will be the possibility 

of experiments on the use of machine learning models in the construction of a seismic activity 

forecasting system. To do this, it is necessary to have a sufficiently large set of marked data and a 

correct pattern (fingerprint) of the process of formation of seismic activity verified with its help. 
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In the case of using machine learning models, it becomes possible not only to automatically check 

incoming data to search for a specific pattern determined manually, but also to identify the 

relationships of various parameters that are not obvious to humans. This will probably allow 

researchers to learn more details about the processes accompanying the formation of an 

earthquake. Currently, attempts are already being made to use machine learning technologies in 

order to build a system for predicting the likelihood of seismic activity [18-19]. 

 

Conclusion 

In this paper, the issue of predicting seismic activity based on the analysis of changes in 

the characteristics of the Earth's magnetosphere and ionosphere is considered. Examples of foreign 

and domestic studies are given, the results of which have been published over the past five years. 

Examples of measurement data sources on the basis of which these studies were conducted, as 

well as other available systems, both foreign and domestic, are considered. Based on the results of 

the analysis, conclusions are drawn about the current state of the problem and the actual problem 

of collecting and preparing data for analysis is determined. 

In order to solve this problem, an information system is proposed designed to automate the 

collection and storage of measurement data from various sources, as well as providing 

functionality for data analysis and visualization of its results. The possible architecture of the 

system is given, the software capable of solving the tasks set for each component of the proposed 

system is listed. 

The proposed system is designed to optimize the research process in the considered 

direction by simplifying or completely eliminating the process of data collection and preparation. 

In addition to optimizing the work of researchers, the system will automate the data processing 

procedure and thereby move from a retrospective analysis of past earthquakes to attempts to 

predict future seismic activity. 
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