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Summary. The method of analysis of the solar activity geoeffectiveness and assessing its level based on 

the mining spatiotemporal data of geophysical field disturbances caused by the activity of the Sun is developed. 

At the first stage of the method, solar activity is analysed. When solar disturbances are detected, the information 

about solar activity and the geophysical disturbances caused by it are further jointly analysed. Further, the raw 

data of geophysical fields are cleaned and converted into a format suitable for analysis, as well as their time 

alignment is carried out, which is crucial when comparing or combining time series from different sources and 

with different sampling rates. After that, the data is normalized, since the data values of the geophysical fields, 

which are used to analysis of solar activity geoeffectiveness, are measured on different scales, have different 

dimensions, which requires their scaling to the conventionally general scale of the comparable range. At the next 

stage of the method, spatial data aggregation is implemented, which ensures the process of combining the 

numerical values of a group of resources into one representative value for a given period of time. As a result of 

aggregation of experimental data of geophysical fields, we obtain a time series of average values of these fields 

for each moment of time. The analysis of the solar activity geoeffectiveness on the basis of aggregated data makes 

it possible to estimate its level taking into account the index Dst of the geomagnetic storm, the geomagnetic index 

of the polar electric current AE, the magnitude of natural atmospheric infrasound and the gradient of the electrical 

potential of the atmosphere PG. The scale of classification of the solar activity geoeffectiveness is in the range [0, 

1]. An event is considered geoeffectiveness if the aggregated signal reaches a threshold value of 0.25 on the 

geoeffectiveness scale. Geoeffectiveness of solar activity is classified as weak, moderate or strong if the value of 

the aggregated signal is, respectively, 0,25AS<0,5; 0,5AS<0,75; 0,75AS1,0. 

Key words: solar activity geoeffectiveness, data mining, spatial data aggregation, geoeffectiveness 
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Problem statement. Solar activity and associated processes in the near space occur in 

the form of cyclic variations and dynamic manifestations, induced by powerful and difficult-

to-predict sporadic disturbances. The temporal scale of these processes ranges from minutes to 

years. Dynamic processes with durations up to a month are classified as space weather, while 

longer-term changes are attributed to space climate. Solar events that cause disturbances in the 

geospace are referred to as geoeffective. The study of geoeffective manifestations of solar 

activity, including the assessment of geoeffectiveness level, is one of the important directions 

in space weather research. 

Analysis of known research results. Coronal mass ejections and co-rotating 

interaction regions formed due to the pressure of high-speed flows of charged particles from 

coronal holes and slow solar wind under certain conditions cause geomagnetic storms. This 

influence of solar activity on the Earth's magnetic field is called geoeffective and is most 

often measured using one of several indices Dst, AE, Kp, Ap. The geoeffectiveness of such 

structures is considered strong, moderate or weak, if the value of the magnetic storm index 

is Dst⩽−100 nT, −50 nT⩽Dst<−100 nT and −30 nT⩽Dst<−50 nT accordingly [1–3]. 

In the work [4], the geoeffectiveness of a limb coronal mass ejection halo has been 

investigated. In addition to the Dst index, the SYM – H and ASY – H indices for low latitudes, 
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the AU and AL indices for high latitudes, and the am index for planetary magnetic field 

disturbances were analyzed. A description of geomagnetic indices is given in [5]. Since 

threshold values of the magnitude of a magnetic storm for classifying the geoeffectiveness of 

solar activity events are set only for the Dst index, for other indices the identification of the 

presence of a disturbance was performed visually. At the same time, the event was considered 

geoeffective if the Dst index became less than -50 nT, or if disturbances above the background 

level appeared in all analyzed indices. 

A comparison of the geoeffectiveness of coronal mass ejections and co-rotating 

interaction regions at low, middle and high latitudes using the Dst, Ap and AE indices was 

made in [6]. To assess geomagnetic activity, indices were chosen based on physical 

interpretation and the ability to relate, in particular, to the ring current and the polar electrojet. 

It has been shown that coronal mass ejections and corotating interaction regions cause different 

geomagnetic activity, and their geoeffectiveness is also different at different latitudes. In [2] it 

was shown that weak and moderate storms can be caused by both the co-rotating interaction 

region and the coronal mass ejection, while most major magnetic storms are caused by coronal 

mass ejections. The speed of coronal mass ejections and the location of the solar source are the 

main factors determining their geoeffectiveness. 

In the work [7], an expanded interpretation of the term «geoeffectiveness» is proposed. 

A phenomenon that causes disturbances in the magnetic field and/or other geophysical fields, 

including atmospheric infrasound, is considered geoeffective. The driver of infrasound 

disturbance is high-energy particles, as galactic cosmic rays as well as solar energetic particles. 

Intense solar proton events are also a source of electric field disturbance, in particular they cause 

an increase in the atmospheric electric potential gradient [8, 9]. 

The Objective of the work. To develop a method for analyzing the geoeffectiveness of 

solar activity and assessing its level for classifying the geoeffectiveness of an event, taking into 

account both magnetic storms and disturbances of atmospheric infrasound and electric fields. 

Presentation of the material. The method of analyzing the geoeffectiveness of solar 

activity is based on a mining complex data types of disturbances in geophysical fields based on 

the global geomagnetic Dst index, which is used to measure the magnitude of a geomagnetic 

storm, the geomagnetic polar electrojet index AE, which is an indicator of a substorm, natural 

atmospheric infrasound and the atmospheric electric potential gradient PG caused by solar 

activity. 

The main stages of the method for analyzing the geoeffectiveness of solar activity are 

presented in Fig. 1. 

Stage 1. Analysis of solar activity. A wide range of data on solar activity is provided 

by the Space Weather Prediction Center (SWPC, NOAA), which is the official source of 

space weather information for the United States. The center, in particular, provides data on 

the X-ray radiation of the Sun, flows of high-energy particles, coronal mass ejections, 

access to information is provided through the portal https://www.swpc.noaa.gov/. When 

solar disturbances are detected, information on solar activity and geophysical disturbances 

is further analysed jointly. Data on indices of geomagnetic activity are provided by the 

World Data Center for Geomagnetism (WDC for Geomagnetism), experimental data of the 

atmospheric electric field are provided by GloCAEM, and atmospheric infrasound data are 

provided by the Karpenko Physico-Mechanical Institute of the NAS of Ukraine and Lviv 

Centre of the Institute of Space Research of the NAS of Ukraine and the SSA of Ukraine. 

Data on solar activity and geophysical disturbances are entered into the database for 

intellectual system for research of space weather parameters [10].  

The time frames of geophysical fields disturbances for analysing the solar activity 

geoeffectiveness range from minutes to several days, depending on the trigger of solar 

event.  
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Stage 2. Data Cleaning. The next step in analysing the solar activity geoeffectiveness 

involves cleaning and converting raw geophysical fields data into a format suitable for analysis. 

In the case of data with missing values, such values are filled using statistical computing 

methods [11, 12]. If there is a significant number of missing values, the data is selected from 

other sources, if possible, or removed. The next step in data cleaning is to detection and 

handling outliers based on visualisation or statistical techniques. 

 

 

 

Figure 1. Stages of the method of analysis of solar activity geoeffectiveness 

 

Stage 3. Time alignment. At the next stage, time alignment of data from different 

sources and with different sampling rates is carried out, which is of crucial importance when 

comparing time series or when combining them. First of all, resampling of time series data is 

carried out, which can include both increasing the sampling frequency (interpolation) and 

decreasing it – decimation. Next, it is necessary to make sure that the time indexes of the data 

of different time series are aligned. If necessary, time indexes are adjusted. This ensures that 

data samples from different time series correspond to the same time samples. 

For example, experimental records after data preprocessing of disturbances of the 

polar electric current AE, the geomagnetic index Dst, natural atmospheric infrasound, and 

the gradient of the electrical potential of the atmosphere PG caused by solar activity are 

presents in Fig. 2. The extreme solar event occurred 61 h after the start of recording the 

experimental data (first vertical bar in figure). About 18 h after the start of the solar activity 

(second vertical strip), the maximum flow of high-energy particles was registered, and about 

5 h after that, the beginning of disturbance of the natural atmospheric infrasound and the 

electric field was registered (panels 3 and 4, respectively) in the form of an increase in their 
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magnitudes by ~ 3–5 times. About 53 h after the start of the solar activity (third vertical 

strip) the coronal mass ejection reached the Earth and caused a weak geomagnetic storm 

and substorm. The value of the AE index reached the magnitude of 1280 nT, and the 

decrease of the Dst index reached the magnitude of -55 nT (panels 1 and 2, respectively). 

Stage 4. Data normalisation. The values of geophysical fields data used to analyse the 

solar activity geoeffectiveness are measured on different scales, which requires their scaling to 

a conventionally general scale. 

 

 

 

Figure 2. Experimental records of disturbances of the polar electric current AE, geomagnetic index Dst, 

natural atmospheric infrasound and atmospheric electric potential gradient PG 

 

Two approaches to the normalisation of time series data ...}2,1,0),({ ttx  are used: 

- for time series data, the values of which are within the limits 0x , we apply relative 

normalisation according to by the formula  

 

),max(/ iini xxx   

 

- for time series data, the values of which take both negative and positive values, we 

apply Savage normalisation 

 

)),min()/(max())(max( iiiini xxxxx   

 

where nix  – is the normalised value of the ith term of the time series, ix  – is the actual value 

of the ith term of the time series, )max( ix  and )min( ix  – is the maximum and minimum value of 

the time series data, respectively. 
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As a result, we receive data in the range [0, 1] for further processing. 

Stage 5. Spatial data aggregation. Spatial data aggregation provides the process of 

combining for a given period of time the numerical values of a group of resources into one 

representative value for the purpose of further analysis. The AVERAGE aggregation function 

is used for aggregation. As a result of the aggregation of experimental data of geophysical 

fields, we obtain a time series of average data values of these fields for each moment of time. 

The analysis of the solar activity geoeffectiveness based on aggregated data allows one to 

estimate its level in the expanded interpretation of the term geoeffectiveness, that is, taking into 

account the index Dst of the geomagnetic storm, the geomagnetic index of the polar electric 

current AE, the magnitude of natural atmospheric infrasound and the gradient of the electrical 

potential of the atmosphere PG.  

In Fig. 3 presents the normalized data of disturbances of the polar electric current AE, 

the geomagnetic index Dst, natural atmospheric infrasound, and the gradient of the electrical 

potential of the atmosphere PG (respectively, the first four panels), as well as the aggregated 

signal (bottom panel). 

 

 

 

Figure 3. Normalised data of disturbances of polar electric current AE, geomagnetic index Dst, natural 

atmospheric infrasound and atmospheric electric potential gradient PG 

 

Stage 6. Classification of solar activity geoeffectiveness. The assessment of the solar 

activity geoeffectiveness events is based on the aggregated signal, the numerical values of 

which are shifted by the minimum value of the magnitude, which makes it possible to obtain a 

minimum value equal to zero. The scale of classification of the geoeffectiveness of the activity 

of the Sun is in the range [0, 1]. An event is considered geoeffective if the aggregated signal 

reaches a threshold value of 0.25 on the geoeffectiveness scale. Geoeffectiveness of solar 

activity is classified as weak, moderate or strong if the value of the aggregated signal is, 

respectively, 0,25AS<0,5; 0,5AS<0,75; 0,75AS1,0.  
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In Fig. 4 shows the aggregated signal of the geophysical fields considered above. As 

can be seen from the figure, the contribution of magnetic field disturbances to the aggregated 

signal (in the interval of 120–144 hours from the start of the recording) is in the range of weak 

geoeffectiveness, while the infrasound and electric field disturbances in the aggregated signal 

caused by high-energy particles exceeded the threshold value of moderate geoeffectiveness. 

Thus, the geoeffectiveness of this event, taking into account the Dst index of the geomagnetic 

storm, the geomagnetic index of the polar electric current AE, the magnitude of natural 

atmospheric infrasound and the gradient of the electrical potential of the atmosphere PG, is 

classified as moderate. 

 

 

 

Figure 4. Aggregated signal of perturbations of polar electric current AE, geomagnetic index Dst, natural 

atmospheric infrasound, atmospheric electric potential gradient PG 

 

Conclusions. Based on the analysis of the state of the problem, it is shown that solar 

activity under certain conditions causes geomagnetic storms, disturbances of infrasound and 

atmospheric electric fields.  

However, one of several geomagnetic indices Dst, AE, Kp, Ap is most often used to 

analyse the geoeffectiveness of solar activity, and for the classification of geoeffectiveness 

threshold values of the magnetic storm are specified only for the Dst index, for other indices an 

event when the disturbance exceeds the background level is considered geoeffective.  

Based on the mining spatiotemporal data of geophysical fields disturbances caused by 

the solar activity is developed a method for analysing of the solar activity geoeffectiveness and 

assessing its level. Spatial data aggregation implemented within the method provides the 

process of combining the numerical values of a group of resources into one representative value 

for a given period of time. As a result of aggregation of experimental data of geophysical fields, 

we obtain a time series of average values of these fields for each moment of time.  

The analysis of the solar activity geoeffectiveness on the basis of aggregated data makes 

it possible to estimate its level taking into account the index Dst of the geomagnetic storm, the 

geomagnetic index of the polar electric current AE, the magnitude of natural atmospheric 

infrasound and the gradient of the electrical potential of the atmosphere PG. The scale of 

classification of the solar activity geoeffectiveness is in the range [0, 1]. An event is considered 

geoeffectiveness if the aggregated signal reaches a threshold value of 0.25 on the 

geoeffectiveness scale. Geoeffectiveness of solar activity is classified as weak, moderate or 

strong if the value of the aggregated signal is, respectively, 0,25AS<0,5; 0,5AS<0,75; 

0,75AS1,0. 
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МЕТОД АНАЛІЗУ ГЕОЕФЕКТИВНОСТІ СОНЯЧНОЇ АКТИВНОСТІ 
 

Данило Івантишин 
 

Національний університет «Львівська політехніка», Львів, Україна 
 

Резюме. Розроблено метод аналізу геоефективності сонячної активності й оцінювання її рівня 

на основі аналізу просторово-часових даних збурень геофізичних полів, викликаних активністю Сонця. На 

першому етапі методу проведено аналіз сонячної активності. При виявленні сонячних збурень надалі 

сумісно аналізовано інформацію про сонячну активність і геофізичні збурення, викликані нею. Надалі 

проведено очищення та перетворення неопрацьованих даних геофізичних полів у формат, придатний для 

аналізу, а також їх часове вирівнювання, що має вирішальне значення при порівнянні або під час 

об’єднання часових рядів з різних джерел і з різною частотою дискретизації. Після цього проведено 

нормалізацію даних, оскільки значення даних геофізичних полів, які використовуються для аналізу 

геоефективності сонячної активності виміряні за різними шкалами, мають різну розмірність, що вимагає 

їхнього масштабування до умовно загальної шкали співставного діапазону. На наступному етапі методу 

реалізовано просторову агрегацію даних, яка забезпечує процес об’єднання для заданого проміжку часу 

числових значень групи ресурсів в одне репрезентативне значення. В результаті агрегації 

експериментальних даних геофізичних полів отримано часовий ряд середніх значень цих полів для кожного 

моменту часу. Аналіз геоефективності сонячної активності на основі агрегованих даних дозволяє 

оцінювати її рівень з урахуванням індексу Dst геомагнітної бурі, геомагнітного індексу полярного 

електроструму АЕ, величини природного атмосферного інфразвуку та градієнта електричного 

потенціалу атмосфери PG. Шкала класифікації геоефективності активності Сонця знаходиться в 

діапазоні [0, 1]. Подія вважається геоефективною, якщо агрегований сигнал досягає порогового значення 

0,25 шкали геоефективності. Геоефективність сонячної активності класифікується як слабка, помірна 

або сильна, якщо величина агрегованого сигналу складає відповідно 0,25AS<0,5; 0,5AS<0,75; 

0,75AS1,0. 

Ключові слова: геоефективність сонячної активності, аналіз даних, просторова агрегація, 

класифікація геоефективності. 
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