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Abstract. The dynamics of geomagnetic field variations on the eve and 
during the periods of magnetic storms of 2015 and 2017 has been studied 

(data of the horizontal component of the Earth's magnetic field of the 

terrestrial station network were used). The method developed by the 

authors based on wavelet transform and adaptive threshold functions was 
applied. Weak geomagnetic disturbances synchronously appearing at the 

stations and preceding the onset of strong magnetic storms was extracted. 

The correlation of the isolated geomagnetic disturbances with the AE-

index is shown, both in the occurrence times and in intensities. On the 
basis of comparison with interplanetary environment data (interplanetary 

magnetic field data and the solar wind parameters were analyzed), and also 

based on the results of other author works [1, 2]. we assume that the 

isolated effects have solar nature. The research is supported by the grant of 
the Russian Science Foundation No. 14-11-00194.  

1 Introduction 

The work is aimed at developing methods for analyzing geomagnetic data and studying 

the processes in the magnetosphere during perturbed periods. The complexity of processing 

and analysis of geomagnetic data is associated with their complex nonstationary structure, 

with the presence of local features of different amplitude and duration. These features 

contain important information about the occurring processes in the magnetosphere. The use 

of traditional methods and approaches does not allow us to research the rapidly-variable 

structure of geomagnetic field variations in detail and leads to the loss of meaningful 

information. One of the most effective modern methods of data analysis is the wavelet 

transform [3-8].The wavelet transform is now successfully used for the tasks of  denoising 

the geomagnetic data [4, 6, 8], extraction of the periodic components caused by the Earth’s 

rotation [4 ,8], search for the precursors of intense solar flares [3], automatic detection  of 
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magnetic storm development [8], studying of the characteristics of solar daily variations 

based on data from ground-based magnetic stations [7], automation of geomagnetic activity 

indices calculation such as K-index [9, 10], Dst-index and wavelet based index of storm 

activity «WISA» [4, 8] as well as several other issues. This mathematical apparatus is taken 

as the basis for the study. 

Earlier, the authors in the works [9, 10] proposed a geomagnetic field variation model 

(FVM) based on wavelets. It allows describing both the characteristic variations and 

nonstationary short-period changes characterizing fast processes in the magnetosphere. On 

the basis of the FVM, computational algorithms for isolation and evaluation of local 

variations [11, 12] have been developed, which allow us to study short-period small-scale 

(from a few seconds to tens of minutes) geomagnetic field parameters in detail. Application 

of these algorithms allowed us to extract anomalous changes in field variations (the data of 

meridionally located stations was used) arising on the eve and during magnetic storms [11-

13]. This study is a continuation of the previous works. The paper presents the results of 

data processing and analysis from a geomagnetic station network in the northeast of Russia 

(Yakutsk «YAK», Magadan «MGD», Paratunka «PET», Khabarovsk «KHB») and from an 

equatorial station (Guam «GUA», USA). The results of the work confirmed the possibility 

of synchronous appearance of weak geomagnetic perturbations preceding the onset of 

strong magnetic storms. On the basis of data comparison with of the interplanetary 

environment parameters (the interplanetary magnetic field data and the solar wind 

parameters were analyzed), and also based on the results of other author works [1, 2], we 

assume that isolated effects have solar nature.  

2 Description of the method 

The geomagnetic field variation can be represented as a combination of functions [9, 

14]: 

 

)()()()()()()( ,, tetgtctetftftf

Ij

j

n

nmnmperttrend  


 ,  (1) 

where the component 
n

nmnmtrend tctf )()( ,,   describes the geomagnetic field variations 

during quiet periods,  
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is the basis of the smoothing scaling function, the 

coefficients nmnm fc ,, , , m  is the scale level of decomposition;  component 


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njnjpert tdtf )()( ,,  describes geomagnetic perturbations that occur during periods 

of increasing geomagnetic activity, coefficients njnj fd ,, , ,  



nnjj , are the 

wavelet basis, I is a set of indices, j is the scale parameter; component )(te  is noise. 

The representation (1) will be called the geomagnetic field variation model (FVM). The 

method for identifying the model component trendf  (see Equations (1)) is described in [9, 

14]. The results of the method application for the «Paratunka» station (Kamchatka Region) 

data are given in the works [9-12], which show that 

 

n

nntrend tctf )()( ,6,6   , 

where  
 

nn,66 
 
is the basis for smoothing the scaling function of the 6th scale level 

decomposition, coefficients nn fc ,6,6 ,    . As an approximating basis, the Daubechies 

basis of order 3 is used, which was determined by minimizing the approximation error.  
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On the basis of the component trendf , the authors developed a method for calculating 

the geomagnetic activity indices K, which makes it possible to reproduce the method of J. 

Bartels for the first time in an automatic mode [9, 10]. In this work, the component trendf
 

is not used. 

To identify the set of indices I  defining the model component pertf  (see Equations 

(1)), a criterion was proposed [15]: 

 Ij , if  )()( k
j

v
j AmAm ,  (2)  

where kj
k
j dA , , m  is the sample average, v   is the index of perturbed field variation, 

k   is the index of quiet field variation,    is the some small positive number.  

Assuming k
jA  is normally distributed with some mean 

k  and variance 
k,2 , it is 

possible to estimate   as kx ,2

2
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 quantile of the 

standard normal distribution [9]. 

Since k
jA  in (2) characterizes the magnitude of the deviation of a function from its 

characteristic level on a scale j
 
at time kt   [16], it is taken as a measure of magnetic 

disturbance on a scale j  at a time kt  . Then we get the following representation of the 

FVM [14]: 
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where component  

nj

njnj tdFtg

,

,,1 )()()(  describes positive increases in geomagnetic 

activity, component  

nj

njnj tdFtg

,

,,2
_ )()()(  describes negative increases in 

geomagnetic activity. Coefficients njd , , for which jnj Td , , we consider to be noise.  

Considering the essential nonstationarity of the functions )(tg 
 
and )(_ tg  in the 

representation (3), adaptive thresholds ad
jj TT 

 
are introduced for their identification (see 

Equations (4)) [12]: 
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average value,  calculated in the gliding window of duration l . Window duration  l  and 

threshold coefficient U  determine the size of the time window within which assess 

perturbations and the intensity of detected geomagnetic perturbations, respectively. 
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Considering that value kj
k
j dA ,

 
is a measure of magnetic perturbations on the scale 

j  at the time kt  , the intensity of positive (

kI ) and negative (


kI ) perturbations of 

geomagnetic field at the time moment kt   can be determined as 
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3 Experimental results and discussion 

In the work, the geomagnetic data of minute resolution from the Russia's Northeast 

stations network and from the equatorial station GUA were processed (see Table 1 and 

Figure 1). In order to analyze geomagnetic perturbations in the auroral zone, we used the 

index of auroral electrojet (AE) (http://isgi.unistra.fr). Calculation of the AE index is based 

on the data of stations located in auroral and subauroral latitudes [17]. In order to analyze 

the equatorial current system, we used the Dst index (http://wdc.kugi.kyoto-u.ac. 

jp/dst_final/index.html), which is calculated using the data from the stations located near 

the Equator [18]. The results of our analysis were compared with the data of interplanetary 

magnetic field (IMF) and the solar wind parameters 

(http://www.srl.caltech.edu/ACE/ASC/index.html). The results of data processing during 

the magnetic storm on May 27, 2017 and July 16, 2017 are presented below in detail. 

Table 1. Observatories whose data were used 

Observatory 
IAGA 

code 

Geogra

phical 

latitude 

(N) 

Geograph

ical 

longitude 

(E) 

Geoma

gnetic 

latitude 

(N)* 

Geomagn

etic 

longitude 

(E)* 

Local 

time (LT) 

Yakutsk YAK 62002.1’ 129042.1’ 52026.4’ 163013’ UTC+09 

Magadan MGD 59033.1’ 150048.3’ 51032.4’ 14602.4’ UTC+11 

Paratunka PET 52058.3’ 158015.0’ 45051.6’ 137057.6’ UTC+12 

Khabarovsk KHB 48029.0’ 135004.0’ 39015’ 15048.6’ UTC+10 

Guam, USA GUA 11022.0’ 145035.0’ 3073’ 1420 34’ UTC+10 

*Geomagnetic coordinates were calculated using the IGRF model [19] (http://wdc.kugi.kyoto-

u.ac.jp/igrf/gggm/index.html). 
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Fig. 1. Geographical position of observatories that provided data used in this study 

The first analyzed event on May 27, 2017 (see Figure 2) was caused by a coronal mass 

ejection of solar matter (CME of May 23, the catalogue of ICMES by I. Richardson and H. 

Cane, http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm). On the eve of 

the storm, the solar wind speed was below the mean and did not exceed 370 km/s [22], the 

Bz component of the IMF changed within +/- 5 nT. Analysis of the results in Figure 2 

shows that on the eve of the event, during the periods of AE index increase on May 26 from 

09:50 till 13:00 UT and from 18:00 till 27 May 03:20 UT, weak short-period perturbations 

of the geomagnetic field were observed at the stations under consideration (operation (5) 

was used, Figure 2 e). The coincidence of the periods of increased geomagnetic activity 

(Figure 2 f) at the analyzed stations with the periods of the AE-index increase (Figure 2 c), 

following the southward turning of IMF Bz component (Figure 2, a), allows us to suggest a 

connection of the detected geomagnetic perturbations with the non-stationary changes in 

the interplanetary environment parameters and auroral activity intensification. These results  

agree with the results of the papers [12, 20-22]. Further on May 27 at 14:40 UT, the Bz 

component turned to the south and dropped to -8 nT, the solar wind speed increased sharply 

from 295 to 365 km/s, and short-period perturbations were identified (Figure 2 e) at about 

15:35 UT at all geomagnetic stations on the basis of operation (5). They corresponded to 

the beginning of the magnetic storm (storm sudden commencement ).  

The initial phase of the storm was accompanied by an increase in the Dst-index from 7 

to 41 nT (from 15:00 till 19: 00 UT), and auroral activity (maximum AE 400 nT). During 

the main phase of the storm (decreasing of  Dst to -122 nT and increasing of AE to 1960 

nT), on May 27 from 22.00 UT, perturbations of maximum intensity were observed (Figure 

2 f) at all the stations under analysis. At the same time, due to the different location of the 

stations, the perturbation dynamics at each station slightly differed. At the equatorial station 

GUA, short-period perturbations occurred during the initial and main phases of the 

magnetic storm. At medium and high latitude stations (YAK, MGD, PET, KHB) they 

occurred during all phases of the storm and at the moments of their occurrences they 

correlated with the moments of the AE index maxima. The largest perturbation amplitudes 

were observed at the northern station YAK. We can also note the correlations of the 

detected geomagnetic perturbations with the AE-index not only in their occurrence times, 

but also in their intensities (application of the operation (6), Figure 2 f). The recovery phase 

lasted for about one more day (the Dst-index returned to the initial value on May 29 at 

10:00 UT). 
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Fig. 2. Processing results of the data for May 15–16, 2017; a) Bz-component of interplanetary 
magnetic field; b) Speed of solar wind; c) AE-index; d) Dst-index; e) calculations following (5), red 

color indicates positive perturbations (relative to trend), blue – negative (relative to trend); f) 

calculations following (6), red color indicates positive perturbation, blue – negative; The vertical 

dashed line indicates the onset of a magnetic storm 

The second analyzed event on July 16, 2017 (see Figure 3) was caused by the CME on July 

14 (the catalogue of ICMES by I. Richardson and H. Cane, 

http://www.srl.caltech.edu/ACE/ASC/DATA/level3/icmetable2.htm). On the eve of the 

storm, the solar wind speed was below the mean (< 360 km/s) [22], the IMF Bz component 

changed within +/- 3nT. Analysis of the results of geomagnetic data processing shows that 

weak geomagnetic disturbances were observed at the analyzed stations on the eve of the 

event, during AE index increase (Figure 3c) (operation (5) was used, Figure 3 e): on July 15 

from 05:00 till 11:00 UT at YAK, MGD, PET stations and on July 16 from 00:40 till 02:25 

UT at the all analyzed stations. 
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Fig. 3. Processing results of the data for July 26–28, 2017; a) Bz-component of interplanetary 

magnetic field; b) Speed of solar wind; c) AE-index; d) Dst-index; e) calculations following (5), red 
color indicates positive perturbations (relative to trend), blue – negative (relative to trend); f) 

calculations following (6), red color indicates positive perturbation, blue – negative; The vertical 

dashed line indicates the onset of a magnetic storm 

 

At the beginning of the day on July 16, the Bz-component turned to the north (at 

05:15 UT) and rose to the value of 10 nT, the solar wind at this time increased sharply from 

340 to 450 km/s. Then at 06:00 UT, short-period perturbations (sudden commencement of 

the storm) occurred at the stations (Figure 3 e). During the initial phase of the storm, the 

Dst-index increased to 51 nT (Figure 3 d). The auroral activity also increased to 700 nT 

(Figure 3 c). Note that during the main phase of the storm, the geomagnetic field variations 

structure differed at the high-latitude (YAK), mid-latitude (MGD, PET, KHB) and 

equatorial GUA stations that is probably due to their location. It can also be noted that 

within a few hours (approximately 10 hours) before the storm, the IMF Bz component 
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turned to the south and small variations appeared in it (within +/- 4 nT). At the same time,  

the auroral activity slightly increased (AE-index increased to 110 nT). During the same 

period, short-term insignificant increases in geomagnetic activity at the equatorial station 

GUA were observed (the time period in Figure 3 f is shown by dashed lines: on July 15 

from 20:00 to 16 June, 02:30 UT). This gives us grounds to assume the connection of the 

detected perturbations with solar activity and auroral processes. 

Table 2 presents the processing results of the data obtained during periods of strong 

magnetic storms in 2015 and 2017. Processing details of the events on January 7, 2015 and 

March 17, 2015 are presented in [11-13]. Analysis of the results in Table 2 confirms the 

possibility of the appearance of weak short-period geomagnetic field perturbations on the 

eve of magnetic storms. 

Table 2. Results of the data processing during magnetic storms, which occurred in 2015 

Date of a 

storm 

Storm 

source 

Time of 

storm 

beginning 

(UT) 

Kp 

max 

Dst 

max 

AE 

max 

Anomalies detected 

before a magnetic storm 

Time interval before a 

magnetic storm 

beginning 

07.01.2015 CME 6:15 6 -103 1327 

21 hours 

12 hours 10 minutes 

4 hours 55 minutes 

17.03.2015 CME 4:45 8 -233 2250 

16 hours 30 minutes 

12 hours 10 minutes 

11 hours 15 minutes 

21.06.2015 
CIR/CM

E 
16:55 8 -204 2698 

10 hours 

7 hours 

19.12.2015 CME 16:18 7 -155 1649 

25 hours 30 minutes 

15 hours 30 minutes 

7 hours 20 minutes 

1 hour 

27.05.2017 CME 15:35 7 -122 1960 

28 hours 30 minutes 

14 hours 30 minutes 

2 hours 30 minutes 

1 hour 

16.07.2017 CME 6:00 6 -69 1750 

24 hours 

20 hours 

11 hours 30 minutes 

3 hours 40 minutes 

 
These results  agree with the results of the papers [1, 2] where it was shown that 

increases in solar wind parameters and the following increases of geomagnetic activity (AE, 

Kp indices) can be observed prior to abrupt turns of IMF towards south which futher 

initiate magnetic storms [23]. 
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The possibility of such anomalous effects was also shown earlier in [5, 24] and noted in 

[15]. This allows us to make an assumption about their solar nature, and determines the 

applied significance of the study. 

4 Conclusions 

The processing and analysis of geomagnetic field data from meridianally located 

stations for the periods of magnetic storms of 2015 and 2017 have been performed. The 

results of the study showed the general nature of the processes in the analyzed locations. 

During the periods preceding the beginning of magnetic storms, weak geomagnetic 

perturbations synchronously appearing at the stations and correlating with the AE-index, 

both in occurrence times and in intensity, were detected. On the basis of comparison of the 

results with the interplanetary environment data (the interplanetary magnetic field data and 

the solar wind parameters were analyzed), with the results of other works [1, 2], we can 

assume the connection of detected pre-storm geomagnetic perturbations with solar activity 

and auroral processes. Perturbations of maximum intensity were observed during the main 

phase of the storm, and the moments of their appearance correlated with the moments of the 

AE-index maxima. The largest perturbation amplitudes were observed at the northern 

station YAK. 

The results of the experiments showed high sensitivity of the algorithms used and the 

possibility of its application for a detailed study of the dynamics and spatial-time  

distribution of geomagnetic disturbances. In the future, the authors plan to continue the 

study with the increase in statistics and the number of stations analyzed. 
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