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Abstract. We studied the auroras observations during different solar wind conditions by data of the MAIN cameras
(Multiscale Aurora Imaging Network) obtained at Apatity (Kola Peninsula, Russia) for two winter seasons: 2014-
2015 and 2015-2016. Solar wind and IMF parameters were taken from the OMNI data base. Observations of aurora
were conducted in Apatity, magnetic field disturbances were verified by the data of IMAGE magnetometers. All
substorms were divided into different groups depending on the space weather conditions. First, the substorms were
separated into two groups: substorms observed during storms and substorms under non-storm conditions. The
substorms during storms were divided in sub-groups according to observations during different storm phases: initial,
main, near and late recovery phases. We considered also specific space weather conditions, when the SYM/H index
behavior was highly irregular, we called these conditions “structured recovery phase” of the storm. The non-storm
conditions were classified as quiet conditions, when no structures in the solar wind were observed, and as conditions
when structures in the solar wind near the Earth were detected, but these structures did not provoke geomagnetic
storms. It was shown that the latitude of the substorm onset was controlled by the value of the SYM/H index. It was
found out also that the maximal relative intensity of auroras was greater for substorms with onset to the South from
Apatity and smaller - for substorms with onset in zenith or to the North from Apatity.

Introduction

Many researchers turned to the problem of studying substorms during geomagnetic storms (e.g. [1]; [2]; [31; [41; [5];
[61; [71; [8]; [9])- This problem was considered from various angles, using both satellite data (IMAGE, POLAR and
others) and ground-based data (IMAGE magnetometers data, AL, AU indexes, data of auroras). It is known that by
substorms investigations, it is important to consider whether they were observed during storms or in non-storm
periods, and during what phase of the storm they were observed. Typically, initial, main and recovery phases of the
storm are specified, while the storm recovery phase is divided into ‘near” and “late”, into “rapid” and “recovery” (e.g.
[10]). Throughout this paper we will use the terms “near” and “late” recovery phase. It should be noted that many
observations indicate also that there are more complicated storm cases, when the magnetic storms are caused by
several sources in the solar wind, coming consecutively one after another or partly overlapping, and the storm recovery
phase can be of very complicated form ([11]; [12]; [13]; [14]). We will call such storms “storms with structured
recovery phase”. It has to be stressed that in this work we don’t examine the classification of storms by their sources
(e.g. CIR-storms, Sheath-, MC- or Ejecta-storms), we confine ourselves just to the examination of storm and non-
storm conditions. In more detail, the quantitative categorization of storm phases is given in the section “Data and
methods of analysis”.

In this work we will consider auroras observations in Apatity using measurements of the camera system MAIN.
Apatity is settled at auroral latitudes, its geographic coordinates are 67.58°N, 33.31°E, and the corrected geomagnetic
ones — 63.86°N, 112.9°E. As follows from the dynamics of the auroral oval at auroral latitudes different substorm
development can be observed. The auroras expansion, registered in Apatity, can consist in movement along different
directions according to the location of substorm onset with respect to the location of the observational station
(propagation from North to South, from South to North and other directions).

The goal of this work is to review substorm developments during different space weather conditions using
measurements of the camera system MAIN in Apatity during two winter seasons: 2014/2015 and 2015/2016.

Data

a) Data used

Measurements from the MAIN in Apatity during 2014-2015 and 2015-2016 seasons have been used. The cameras

observational system comprises 4 cameras with different fields of view providing simultaneous observations from

spatially separated points ([15]). To study the substorm development data from the Apatity all-sky camera and the

Guppy F-044C (GC) camera with field of view ~67° were used. In the all-sky images the central column corresponds

to the North-South latitudinal cross section of the auroral zone. These columns from each image within 1-hour interval

have been used to construct an all-sky keogram. The GC keograms were built in direction magnetic North (up).
Solar wind and interplanetary magnetic field parameters were taken from the OMNI data base of the CDAWeb.

We determined the types of solar wind that can be the drivers of ionospheric disturbances, namely shock waves (1S),
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high speed streams from coronal holes (HSS), magnetic clouds (MC) and plasma compression regions in front of these
structures (CIR and Sheath) according to [16], [17], [14], [18] and based on the catalog of large-scale solar wind
phenomena (ftp://ftp.iki.rssi.ru/omni/).

Auroral geomagnetic disturbances were verified by the ground-based data of IMAGE magnetometers network
(using the meridional TAR-NAL and MEK-NOR chains and by data of Loparskaya (CGM lat. =65.43°) and Lovozero
(CGM lat. = 64.23°) magnetometers. LT values for IMAGE network stations are LT = UT + 1 + 2, MLT values for
IMAGE network are MLT = UT + 2 + 3, for Apatity’s MAIN cameras MLT = UT + 3.17 (~ 3 hours and 10 minutes).

b) Substorm identification

For the substorms selection, we used data of magnetometers and data of all-sky camera. First the presence of a
substorm was identified by the IMAGE magnetograms, then the substorm onset at the Apatity’s latitude was
determined by Sodankyl4 station (SOD) magnetograms and, if observations in this period were available, additionally,
by Loparskaya or Lovozero stations magnetograms. After that we determined the substorm by the data of the MAIN
cameras system in Apatity during clear sky measurements. We divided the auroras according to their appearance into
3 groups: to the South from Apatity, to the North from it and near the station zenith, i.e. near the Apatity location
(from 0° to ~ +£50° from zenith). It should be emphasized that with these criteria for selecting events, not only isolated
substorms are included in the review, but also different intensifications of one substorm. During the examined winter
seasons, the all-sky camera registered more than 180 substorms and their intensifications.

¢) Observation conditions

First, we divided the conditions of observations into 2 groups: storms (when the minimal SYM/H value SYM/H min<-
50 nT) and non-storm periods. Second, we divided the observations conditions into sub-groups appropriately to these
phases of the storm: initial, main and recovery phases, in the recovery phase also near and late recovery phase were
defined. We considered also the events with “structured recovery phase”, if after the first, deepest SYM/H minimum,
other sizable SYM/H minima were observed. The recovery phase was assumed as structured, if there were SYM/H
fluctuations, meeting the condition (SYM/Hsimin — SYM/Hfimax)/SY M/Hmin>0.5, where the SY M/H+imin is the minimal
value reached during the fluctuation and SYM/Hsimin — SY M/Hsumax represents the amplitude of the fluctuation. The
non-storm conditions were classified in two sub-groups regarding the presence of solar wind structures. The first sub-
group included events under quiet conditions, when no structures in the solar wind were observed, and the second
sub-group included conditions when structures in the solar wind near Earth were present, but these structures did not
cause geomagnetic storms.

Results

In this work we studied the substorms
- development in Apatity during different space
CIOiLIT pHAAE weather  conditions. AE and SYM/H
= Main phase geomagnetic indices are the indicators of the
geomagnetic activity. We presented here the
analysis the location of the onset of auroras
depending on the values of AE and SYM/H
indices for the different observation conditions
(according to the paragraph “c” from the section
"data"). It should be noted that we have not found
significant differences between the different
groups of auroras onset during different
observations conditions depending on AE index
(this picture is not presented here). The results for
the dependence of the aurora locations on the

Figure 1. Dependence of the onset location of aurora on  SyM/H index values for the different groups of
SYM/H index. Blue diamonds indicate the events during the space weather conditions are presented in F|gs 1’

initial phase, and red squares —the events during the mainphase 2 and 3. After their appearance auroras were

of the storm. divided into 3 groups according to the location of
the initial auroras: to the South from the Apatity
location (S), to the North from it (N) and near the station zenith (Z).

In Fig. 1 the dependence of the substorm aurora appearance in Apatity (called further aurora onset over Apatity)
on SYM/H index during the initial (blue diamonds) and main (red squares) storm phases is presented. It is seen that
at the onset of the geomagnetic storms, during the initial phase, regardless of the higher (often even positive) SYM/H
values auroras may originate to the North as well as to the South from Apatity (the blue diamonds in Fig. 1). The
black vertical line indicates the boundary between observations of auroras in the South part and in the North part of
all-sky camera images. It is seen that at SYM/H values lower from about -45 nT auroras occurred to the South from
the station zenith.
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The dependence of the aurora onset on SYM/H index for substorms during the recovery phase of geomagnetic
storms is shown in Fig. 2. It is seen that the events during the near recovery phase (the yellow squares in Fig. 2)
occurred mainly near the station zenith or to the South from it. The events during the late recovery phase were observed
mainly to the North from Apatity. During the structured recovery phase the auroras originated to South or North from
Apatity depending on the SYM/H index values. In generally auroras at higher values of SYM/H are observed to the
North from Apatity, and auroras movement from North to South is observed. Substorms at lower SYM/H values
originate to the South of Apatity and the aurora propagation from South to North can be seen. Between these two
types of substorms a “border” zone is formed in which aurora onset can become to the South, over zenith or to the
North regarding the station. This zone is in the range form -30 nT to about -55 nT, and it is designated by black vertical
lines in Fig. 2.
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Fig. 3 shows the dependence of the aurora onset on SYM/H index for events during non-storm conditions. It is
seen that no evident dependence of the aurora onset on SYM/H values during non-storm conditions is obtained.
Auroras during quiet conditions appeared mostly to the North from zenith or near zenith, and auroras during non-
storm conditions with some solar wind structure occurred at different positions — to the North, near zenith or to the
South from Apatity.

Discussion

In this paper we investigated the location of onset latitude of substorms during storm and non-storm conditions using
observations of auroras in Apatity during two winter observational seasons 2014-15 and 2015-16. The most significant
result is that the latitude of the substorm onset is controlled by the value of the SYM/H index. This result is in good
agreement with the findings of Milan et al. [4]. In particular, one of the main conclusions in this work was that the
open flux content of the magnetosphere increased dramatically and substorms became more intense during
geomagnetic storm activity, when the SYM/H index was depressed. It has to be mentioned, that in papers [4], [5] the
substorm onset latitude was used as a measure of the polar cap size. If the substorm onset latitude decreases, the polar
cap is expanded and the open magnetic flux is increased. It turns out that the results found out in the present paper are
very similar.
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As a whole, our work by new ground-based data holds the findings of paper [5], that when studying substorms
during geomagnetic storms it is necessary to consider both: the solar wind-magnetosphere coupling and the ring
current intensity, and that it is better to examine the influence of these factors not individually, but together.

Conclusions

e Substorms during the initial storm phase or at higher SYM/H values during the main storm phase can appear to
North or South regarding the station zenith. Substorms during the main phase at SYM/H values lower than about
-45 nT are observed to the South from Apatity (64.27°N CGM Lat.) and auroras expansion in North direction is
seen.

e Substorms during the near recovery phase originated mainly near the station zenith or to the South from Apatity,
and auroras expansion to North was observed.

e For substorms during the late recovery phase or under quiet conditions, auroras were observed near the station
zenith or to the North of the Apatity station, and their motion from North to South was registered.

e For substorms during a structured storm recovery phase or during “non-storm conditions with structures in the
solar wind” auroras may occur first to the South or to the North from the station zenith.

Thus, substorms at higher values of SYM/H index occur to the North from station zenith, and at smaller SYM/H

values — to the South of it. The boundary between both types of substorms in terms of SYM/H index is in the range

from ~-30 nT to about -55 nT.
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