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Abstract. We examine the changes in the orienta-

tion of the major axis of the polarization ellipse of ir-
regular geomagnetic pulsations Pi2, observed at midlati-
tudes during a substorm disturbance developing in the 
auroral zone of the Russian Arctic sector. We have 
found the dependence of the polarization ellipse orienta-
tion on the longitude of a corresponding substorm. The 
results of current studies are compared with earlier re-
sults of similar studies using materials on the North 
American continent. We have concluded that the results 

are similar in general, with a slight discrepancy which 
may be due to peculiarities of the geological structure of 
the earth crust in the Russian Arctic sector. 
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INTRODUCTION 
The onset of the substorm active phase in the auroral 

zone is followed by the generation of a broadband burst 
of irregular Pi2+Pi1B pulsations. At midlatitudes, Pi2 
show as damped trains of oscillations with 45–200 s 
periods [Pudovkin et al., 1976; Koshelevsky et al., 
1972] predominantly in the midnight sector of the mag-
netosphere [Raspopov, Troitskaya,1974; Kuwashima, 
1981; Shiokawa et al., 2002]. Figure 1 presents dynamic 
spectra of irregular geomagnetic pulsations, recorded 
simultaneously at high and middle latitudes during the 
active phase of the substorm on March 7, 2006. It is 
clearly seen that at high latitudes there is a broadband 
burst of irregular Pi2+Pi1b pulsations; at middle lati-
tudes, two spectral bands predominate – ~35 s and more 
long-period (~125 s) components, as has been shown in 
our previous works on the results of experiments at the 
Norilsk meridian [Rakhmatulin, Petrovsky, 1994]. 

Previous studies of morphological characteristics of 
Pi2 pulsations at midlatitudes, in particular the behavior 
of polarization characteristics of oscillations, have 
shown that the major axis of the Pi2 polarization el-
lipse in a horizontal plane at midlatitudes changes its 
direction from east to west when passing through the 
midnight meridian [Raspopov, Troitskaya, 1974]. 
These studies have been carried out based on extensive 
statistical material but without regard to specific con-
ditions, which cause excitation of a certain burst of 
irregular Pi2 pulsations, and to the longitude of the 
position of the active region in the auroral zone. 

We have conducted a study to determine, using data 
from a mid-latitude station, how the major axis of the 
polarization ellipse of irregular Pi2 pulsations changes 
its direction in space during development of a substorm. 
We figured out whether the longitude of the region of 
auroral disturbances influences the polarization ellipse 
orientation or not, since it is known that during devel-
opment of auroral disturbances the active region moves 
from east to west. 

 
Figure 1. Dynamic spectra of Pi2 pulsations observed 

simultaneously at high (Norilsk station) and middle (Uzur 
station) latitudes during the active substorm phase 

 
Our purpose here is to determine how the major axis 

of Pi2 polarization ellipse changes its direction at mid-
latitudes when the active region moves in the auroral 
zone in the azimuthal direction. 

DATA 
AND METHOD OF ANALYSIS 

Solving this problem requires coordinated observa-
tions of magnetospheric processes at high and middle 
latitudes. There can be two approaches to the study. The 
first is an analysis of the development of a substorm 
based on magnetograms from one high-latitude station 
and pulsation data from the global network of mid-
latitude observatories. The analysis is exemplified in 
Figure 2 representing pulsation records made at the 
network of mid-latitude observatories during the on-
set of a substorm over Tixie station. We present frag-
ments of analog records of geomagnetic pulsations and 
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their corresponding dynamic oscillation spectra; figures 
indicate geomagnetic longitudes of the stations. Below 
is a fragment of the magnetogram from Tixie station. 
The beginning of the active substorm phase at this sta-
tion at 14:18 UT is accompanied by the generation of 
irregular Pi2 pulsations, reliably detected at all the sta-
tions. Almost all the oscillations begin at the same time 
and have the form of a classical train. Note that in fact 
we deal with global excitation of Pi2 pulsations at mid-
latitudes. We have discussed this in our previous papers 
[Rakhmatulin et al., 2000, 2005].  

The second approach involves the analysis of the exci-
tation of pulsations when substorms occur in different lon-
gitudinal sectors, using data from one mid-latitude station 
and magnetograms from all auroral stations (Figure 3). 

Obviously, the second approach is easier to imple-
ment, since magnetograms from high-latitude stations 
are more available than data on geomagnetic pulsations 
from the global network of mid-latitude observatories. 
It should be added that the high-latitude observatories 
that record magnetic field variations are equipped with 
almost identical hardware; the same cannot be said of 
the equipment for recording geomagnetic pulsations. 

 
Figure 2. Pi2 pulsations at midlatitudes during the active sub-

storm phase in the night sector over Tixie station. To the left are 
dynamic spectra; to the right, fragments of an analog recording of 
pulsations; at the bottom, the H component of the magnetogram 
from Tixie station. 

Table 1 
Coordinates of observatories used for the analysis 

No. Observatory Geographic  
latitude 

Geographic  
longitude 

1 Irkutsk  
(vlg. Patrony) 52°09' N 104°28' E 

2 Uzur 53°19' N 107°44' E 
3 Norilsk 69°21' N 88°21' E 
4 Istok 70°01' N 88°00' E 
5 Mondy 51°37' N 100°54' E 
6 Dixon 73°33' N 80°34' E 
7 Tixie 72°35' N 129°00' E 
8 Pebek 70°06' N 170°56' E 
9 Lovozero 69°58' N 35°01' E 

10 Amderma 69°29' N 61°26' E 
11 Soroa (Cuba) 22°48' N 277°00' E 

 
Therefore, to achieve our purposes we have chosen the 
second approach. Table 1 lists geographic coordinates 
of the stations used in the analysis. 

Parameters of Pi2 pulsations (amplitude, spectrum, 
orientation of the major axis of the polarization ellipse) 
are evaluated from observations made at Mondy and 
Uzur mid-latitude stations; in some cases we use data on 
geomagnetic pulsations acquired at Norilsk and Istok 
high-latitude stations. The pulsation data are compared 
with the data on the development of auroral substorms 
at different longitudes of the Russian Arctic sector. Sub-
storm disturbances are localized using magnetograms 
from Arctic stations, taken from the website of the 
World Data Center (WDC, Kyoto) 
[http://wdc.kugi.kyoto-u.ac.jp/plot_realtime/quick 
/index.html].  

The experimental data are analyzed as follows. We 
use data from the high-latitude observatories to select 
cases (intervals) when the disturbances were located at 
one of the zonal stations, i.e. the value of the H compo-
nent at this station far exceeds disturbances at other sta-
tions), or when the disturbances move from east to west 
during the development of the global disturbance [Ku-
washima, 1981]. Then, we utilize records of geomagnet-
ic pulsations from Mondy or Uzur stations to identify 
moments of onsets of all Pi2 trains within the selected 
intervals. Examples of the comparison of such data are 
given in Figure 3, which illustrates H components of 
magnetograms from high-latitude observatories (a) and 
analog recordings of geomagnetic pulsations (b). 

It is seen that the region of substorm activity moves 
from east to west (the onset of disturbance at each station is 
indicated by an arrow). The beginning of the substorm 
disturbance activation at each station is accompanied by 
excitation of irregular Pi2 pulsations at midlatitudes (Uzur 
observatory). 

To process the experimental data, we have devised a 
special method. Figure 4 shows a sequence of opera-
tions in the experimental data processing. 

Using the spectral-time analysis program 
(SWAN), we construct the dynamic spectrum of the 
oscillations of interest (Figure 4, a). We next separate 
the desired portion of data and process it with a spe-
cial filter, which cuts out frequencies corresponding 
to the dynamic spectrum of a signal. Then we con-
struct an oscillogram of the oscillations (Figure 4, b). 

http://wdc.kugi.kyoto-u.ac.jp/plot_realtime/quick/index.html
http://wdc.kugi.kyoto-u.ac.jp/plot_realtime/quick/index.html
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Figure 3. Development of magnetic disturbances on January 

5, 2015: H component according to data from auroral stations (a); 
geomagnetic pulsations in 1-min and 5-min scales at Irkutsk sta-
tion (Uzur) (b); (arrows indicate onsets of Pi2 geomagnetic pulsa-
tions at Irkutsk station; on analog recordings of pulsations is the 
time of the beginning of oscillations in each event) 

 
Finally, to identify the polarization characteristics, we 
construct a polarization ellipse (Figure 4, c) and meas-
ure the tilt angle α of the major axis of the polarization 
ellipse to the horizontal axis (east-west direction). 

RESULTS 

We have analyzed several tens of cases, some of 
which are in Table 2. The first column lists names of the 
auroral stations whose magnetic data are used in this work; 
 

the second column shows geographic coordinates of these 
stations; the third and fourth columns contain date and 
time of the substorm onset at auroral latitudes and of the 
beginning of the corresponding train of irregular Pi2 pul-
sations over Mondy observatory. 
The last column represents the values of the angle α 
calculated from polarization ellipses. 

These experimental data are used to plot the angle α 
as a function of longitude of the development of the 
corresponding substorm (Figure 5). 

Let us now turn to the results of earlier studies we 
have carried out in cooperation with Cuban colleagues, 
using observations made in North America. We con-
ducted such studies in the 1990s under the Program of 
Cooperation between Academies of Sciences of Social-
ist Countries on Planetary Geophysics (CAPG) [Costa 
et al., 1984]. We used data on geomagnetic pulsations 
from Cuban Soroa station, and data on magnetic field 
variations at auroral latitudes were taken from WDC 
Newsletters [Allen et al., 1977]. 

After a series of experiments, we have obtained the 
dependence of the orientation of the main angle of the 
Pi2 polarization ellipse for North America (Figure 6). 

The comparative analysis of data obtained from the 
American and Russian Arctic sectors is shown in Fig-
ure 7. Note that the zero point on the longitude scale 
corresponds to the meridians of Mondy (100° 54' E) 
and Soroa (277° 00' E). 

 

 

 
Figure 4. Procedure of experimental data processing (see the text) 
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Figure 5. Tilt angle of the major axis of the Pi2 polariza-

tion ellipse as a function of longitude of auroral substorm 
development. The arrow marks the meridian of Mondy station 

 
Figure 6. Orientation of the major axis of the Pi2 polariza-

tion ellipse in Soroa (angle α) as a function of longitude of the 
magnetic bay at high latitudes, according to the data from 
Barrow (BR), Fort Churchill (FCH), and Narsarsuaq (NS) 
stations. The arrow marks the meridian of Soroa station 

 

 
Figure 7. Comparative analysis of the tilt angle of the ma-

jor axis of the Pi2 polarization ellipse as a function of longi-
tude of the respective substorm development, according to the 
data from of the Russian (black line) and US (red line) Arctic 
sectors  

 
The analysis of the dependences shown in Figure 7 

allows the following conclusion. The dependence of the 
angle of polarization ellipse orientation on the longitude 
of substorm development is similar for the North Amer-
ican and Eurasian continents. There are slight discrep-
ancies which can be caused by the influence of geologi-
cal structures and by the presence of significant magnet-
ic anomalies on the Taimyr Peninsula [Krakovetsky et 
al., 1982; Popov et al., 2010]. 

 

Table 2 
 

Observatory Geographic  
coordinates Date 

Time of onset  
of substorm and Pi2, 

UT 

Angle α, 
deg 

Pebek (PBK) 70° 06′ N 170° 56′ E 

January 10, 2015 14.10 55 
January 12, 2015 11.47 60 
March 05, 2015 11.46 60 

January 27, 2015 12.30 50 
January 22, 2015 12.15 60 
January 10, 2015 14.10 55 

Tixie (TIK) 72° 35′ N 129° 00′ E 

January 10, 2015 12.20 75 
January 26, 2015 16.37 70 
January 30, 2015 16.18 70 
January 30, 2015 17.27 60 
March 05, 2015 15.15 70 

December 23, 2014 20.44 70 
January 22, 2015 11.07 70 

Dixon (DIK) 73° 33′ N 80° 34′ E 

January 12, 2015 15.40 85 
January 30, 2015 18.01 90 
January 30, 2015 18.09 90 
March 05, 2015 16.15 85 

January 22, 2015 19.06 90 

Amderma (AMD) 69° 29′ N 61° 26′ E 
January 26, 2015 17.00 120 
January 30, 2015 19.50 110 
January 22, 2015 17.45 105 

Lovozero (LOV) 69° 58′ N 35° 01′ E January 30, 2015 20.12 140 
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Figure 8. Development of magnetic disturbances in the auroral zone (a) and synchronous observations of irregular pulsations 

at Mondy Observatory: dynamic spectra (b); analog recordings (c); polarization ellipses of irregular pulsations (d) 
 
 

EXAMPLE OF MONITORING  
OF TRAVELING ACTIVE 
SUBSTORM REGION 

The proposed method can be illustrated using the 
example of the development of a number of consecutive 
substorms in the auroral zone with a gradual movement 
of the disturbance region from east to west on March 5, 
2015 (Figure 8). It can be seen that as the disturbances 
develop and the active region moves, the major axes of 
polarization ellipses turn as if they "track" the move-
ment of the active region. 

CONCLUSION 

From the analysis of the research, we can draw the 
following conclusion about the possible practical applica-
tion of the results. The dependences shown in Figure 7 
allow us to estimate, with some degree of reliability, the 
longitude of the onset of substorm development in the 
auroral zone from observations of irregular pulsations at 
midlatitudes. This can be applied to those cases where, 
for whatever reason, there are no recordings of magnetic 
field variations at high latitudes or a substorm occurs in a 
region where there is no magnetic observatory. 
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Finally, note that this method is valid for weak and 
moderate magnetic activity. During high magnetic ac-
tivity, a disturbance region can cover a space up to 90–
120° E, and in such a situation it is difficult to determine 
the predominant direction of the major axes of Pi2 po-
larization ellipses.The study was performed with budg-
etary funding of Basic Research program II.16; the 
work of A.Y. Pashinin was supported by RFBR grant 
16-05-00631. The results were obtained using the 
equipment of Center for Common Use «Angara» 
[http://ckp-rf.ru/ckp/3056/]. 
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