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The opportunity for simultaneous multi-instrument observations by different instruments, as well by sets of
instruments of the same kind, nowadays is a precondition for an extensive research of the ionosphere
phenomena. For this study, simultaneous ground based observations’ data of the OI 5577 A and 6300 A
emissions, the absorption at 38.2 MHz and the magnetic field have been used from the following instruments: the
All-Sky Imager (ASI) and the magnetometer, positioned at Andpya Rocket Range (ARR), Andenes (69.3°N,
16.03°E), and the Imaging Riometer for lonospheric Studies (IRIS) at Kilpisjirvi, Finland (69.05°N, 20.79°E).

The behaviour of the auroral emissions, the ratio Is3/Iss;7 and the absorption at 38.2 MHz during 3
substorms occurred during a high speed recurrent stream has been examined. Variations of the emissions and
the absorption at 38.2 MHz, related to the different locations of substorm bulge have been studied. Estimations
of the particle precipitation spectra in the polar edge of auroral bulge and inside auroral bulge have been

obtained. The correlation between the 5577 A and 6300 A

examined.

Introduction

The importance of the auroral processes as part of the
plasma-physical processes in the Universe contributes to the
interest to their investigation [1]. The auroral disturbances, as
well as the magnetospheric ones are related to the solar wind
(SW) and the interplanetary Magnetic Field (IMF). The
changes in the solar wind reflect in the auroral processes, in
particular in the behaviour of the auroral emissions and the
absorption at 38.2 MHz. But different types of solar wind
exist, differing from each other by their origin, characteristics
and duration [2]. Basic structures in the solar wind are the
high speed recurrent streams (RS) from magnetic holes [3],
and the sporadic flows, connected to coronal mass ejections,
usually observed near Earth as magnetic clouds (MC) [4]. The
regions of interaction of RS and MC with the undisturbed
solar wind are CIR (corotating interaction region) and
SHEATH. Depending on the phase of the solar wind cycle
different types of SW flows prevail: RS during downward
course of the solar activity and the solar cycle minimum [5]
and MC during the solar cycle maximum [6]. The spectral
characteristics of aurora depend on the different solar wind
types. They were studied by Hviuzova and Leontiev during
stationary SW flows (RS) [7] and during sporadic ones (MC)
[8]. But a differentiation of the cases of auroral emissions
during substorms and in quiet conditions during the studied
SW flows wasn’t made.

In the present work, a study of the auroral 5577 A (green)
and 6300 A (red) emissions and the absorption at 38.2 MHz
giving information about the precipitating electrons ranging
from 10 to 100 keV during 3 substorms in the time of a
recurrent stream is implemented.

Observational instruments and data used

For this study, simultaneous measurements from all-sky
imager (ASI), riometer and magnetometer have been used.
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emissions and the absorption at 38.2 MHz has been

The All-Sky Imager (ASI) is positioned at ARR, Andenes
(69.3°N, 16.03°E). It records automatically the 5577 A and
6300 A emissions with 10 s time resolution from a 180° field
of view in a 512x512 matrix. The row data are processed in
the Oslo University.

The Imaging Riometer for ionospheric Studies (IRIS),
situated at Kilpisjarvi, Finland (69.05°N, 20.79°E), measures
the absorption of cosmic noise at 38.2 MHz by 49 beams (7x7
area) every second. This absorption corresponds mostly to
ionisation by electrons with energies in the range
10+x100keV and deposition heights centered at about 90 km.
The database is organized by the Lancaster University.

The Andenes Magnetometer (69.3°N, 16.03°E) measures
the magnetic field components every second. They are
accumulated and processed at the Tromsg Geophysical
Observatory, University of Tromsg, Norway.

Additional satellite and ground based data contributed to
the study, as well. Data from WIND and DMSP satellites are
used to monitor the interplanetary conditions and the auroral
particles precipitation. Data by all-sky camera at Andenes and
IMAGE magnetometers network are used to verify substorm
onset time and further development. Substorm westward
electrojet development was defined by the MIRACLE system.

Results

A recurrent high speed stream is selected according to the
criteria given in [17], lasting from 2 November to 9
November 2005.

During the recurrent stream (RS), several measurements of
the 5577A and 6300A intensities have been carried out by the
all-sky imager (ASI). For this study, one measurement night,
3-4 November 2005, was chosen. On 3 November (the most
disturbed day in November 2005), 2 intensive substorms
occurred. The onset and development of the substorms were
verified by ASI data, as well as by the Andenes
magnetometer data, by the all-sky camera data, by the
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IMAGE network magnetic field data and by the ionospheric
equivalent current estimates of MIRACLE system. In Fig.1,
from up to down, the ASI and IRIS keograms and the
magnetic field components at Andenes for the period 3-4
Nov. 2005 are presented. ASI and IRIS keograms were
constructed for one and the same geomagnetic meridian,
passing through the center of the field of view of IRIS
(103.62°E). The two substorms, beginning at 18:36 UT and
21:52 UT as they were identified by the magnetic field data
are clearly expressed in the keograms by the enhancement of
the 6300 A and 5577 A emissions and the absorption at 38.2
MHz. They spread all over the instrument fields of view.

In Fig.2, 3, the course of the auroral emissions and the
absorption during both substorm developments is presented.
The 5577 A intensity is taken for the Andenes station
coordinates (69.3 N, 16.03 E), and the 6300 A intensity — for
the same geomagnetic coordinates as the 5577 A one. The
intensities ratio Ig3004/Iss774 is used as a measure of the
hardness of the precipitating electrons energetic spectrum.
The absorption course is presented by the central IRIS beam.
The absorption at 38.2 MHZ is directly connected to the
precipitating electrons with energies in the range 10-100 keV.
On the substorm beginning, 5577 A and 6300 A emissions,
and the absorption sharply increase and stay enhanced during
the substorm development in comparison with the time before
the substorm beginning. The correlation between the
emissions intensities and the absorption is studied. Regardless
of the conditions, a good correlation is obtained between 5577
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Fig.1. ASI keograms (up), IRIS keogram (further down), and the
magnetic field components at Andenes (bottom) for the examined
period during the RS. The two substorms, beginning at 18:38 UT
and 21:52 UT are clearly expressed in the keograms by the
enhancement of the 6300 A and 5577 A emissions and the absorption
at 38.2 MHz in the substorm times.
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A intensity and 6300 A one (correlation coefficient R>0.7)
during all examined periods. The correlation between the
absorption and the emissions is not always so good. This is
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Fig.2. Course of the 5577 A and 6300 A emissions intensities
and the absorption at 38.2 MHz from 18:00 to 21:00 UT,
3.11.2005 when the first examined substorm onset and
development occurred.

due to the different electrons energy related to these
phenomena and the changes in the precipitating electrons
energy spectrum. The correlation between the absorption and
the emissions is worse during substorms, when the energy
spectrum of the precipitating electrons is shifted to the higher
energies.

First substorm

The first substorm onset was in 18:36 UT and its expansion
lasted to 19:42 UT. In the upper panel of Fig.4, images of
5577 A emission from ASI, presenting some basic moments
of the substorm development, are shown. The North direction
is 60° anticlockwise from the vertical one. The times of the
images are marked below them. The substorm onset was seen
from Andenes station in 18:36:11 UT (left upper image). It
moved towards Andenes (central and right upper images).
The substorm began at Andenes in 18:37:20 UT, when the
polar edge of the auroral bulge reached zenith (left bottom
image), after that the substorm movement northward
continued and the station zenith stayed inside the auroral
bulge (two examples are the bottom central and right images).
The emissions and their ratio around the substorm beginning
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Fig.3. Course of the 5577 A and 6300 A emissions intensities and
the absorption at 38.2 MHz from 21:00 to 24:00 UT,
3.11.2005 when the second examined substorm onset and
development occurred.
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Fig.4. First substorm beginning.

Upper panel: chosen images of 5577 A emission from ASI:
substorm at lower latitudes seen from Andenes (upper row of
images), subtorm beginning, the polar edge of the auroral bulge
reaches the Andenes station (bottom left image), the station
zenith is inside the auroral bulge (bottom center and right
images). North direction is 60° anticlockwise from the vertical
one. Bottom panel: course of the 5577 A and 6300 A
emissions intensities and the ratio lg300i/l55774 during the time of
the substorm beginning.

time are presented in more details in the bottom panel of
Fig.4. A sharp increase of the intensities is observed when the
polar edge of the auroral bulge reached the station zenith. In
the same time, the intensities ratio sharply decreases, reaching
minimal value of 0.03. The Ig3004/Iss774 ratio stays low inside
the bright arc at the polar edge. Its average value is 0.078.
During the substorm expansion, up to 19:42 UT, the average
ratio is 0.2. In the period before the substorm beginning the
average Ig3004/Iss774 ratio is 0.42.

Second substorm

Before the second intense subsorm, a weak substorm
developed at lower latitudes. The onset of the weak substorm
was in 21:52 UT. The first two rows of the upper panel of
Fig.5 show some images of the 5577 A green emission during
this weak substorm development. It was registered first in
21:52:10 UT. After it moved to the North, but only the polar
edge of the auroral bulge hardly reached the Andenes station
(e.g. the image in 22:02:11 UT). This substorm didn’t develop
further to the North. The onset of the second intense substorm
was in 22:16 UT and its expansion was up to 22:40. Several
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images of the green line emission shown in the second two
rows of the upper panel of Fig.5 present the substorm
development. The substorm was registered first by ASI in
22:16:41 UT. It reached Andenes in 22:17:21 UT, after that
propagated to higher latitudes and the station turned out to be
situated inside the auroral bulge. In the bottom panel of Fig.5,
the course of the emissions and their ratio for the discussed
period is presented in more details. The average ratio before
the weak substorm beginning, from 21:01:20 to 21:50, is
0.407. In the bright arc at the polar edge of the auroral bulge
registered during the weak substorm the 5577 A intensity
sharply increases, and the Ig3004/Iss774 ratio has a minimum.
The minimal emissions ratio at the polar edge of the auroral
bulge is 0.06 and its average value inside the bright arc is
0.102. The emissions behaviour is the same during the second
intense substorm. In the bright green arc the Ig3004/I55774 ratio
reaches a minimum of 0.033. The average value of the ratio
inside the arc is 0.092. The average Ig3004/I55774 ratio during
the substorm expansion up to 22:40 is 0.17.

Discussion

The variations of the red 6300 A and green 5577 A
emissions and their ratio Ig3p04/Iss774 are studied during
substorms: before the substorm beginning, at the polar edge
of the auroral bulge and inside the auroral bulge, during a
high speed recurrent stream. Two intensive substorms and a
weak one are examined, occurred in the evening period
(18:00 UT - 24:00 UT) on 3 November 2005.

As the all-sky imager is not calibrated, the obtained
emissions intensities and ratios are relative, but comparing the
results, obtained in the different cases: before the substorm
beginning, polar edge of auroral bulge, auroral bulge, we can
retrieve an absolute value. The highest Ig3004/Iss774 ratio is
obtained during the periods before the substorm beginning
(0.42 and 0.407). This means, that during these periods, the
electron spectrum is softer. Most energetic precipitating
electrons are found over the bright arcs at the polar edge of
the auroral bulge (average ratios 0.078, 0.102, 0.092). This
ratio is about 4 times lower than the one before the substorm
beginning. Inside the auroral bulge, the obtained emissions
ratio is 0.2 and 0.17. These values are about 2 times higher
than the ones at the edge of the auroral bulge and testify for a
softer electron energy spectrum.

Conclusions

The auroral emissions and the absorption at 38.2 MHz
during 2 intensive substorms and a weak one occurred when a
recurrent stream passed by the Earth are examined.

The correlation between the emissions and the absorption
is studied. Good correlation (R>0.7) is obtained between
5577 A intensity and 6300 A one during all examined periods
regardless of the conditions.

The Igz004/Iss774 ratios before the substorm beginning, at
the polar edge of the auroral bulge and inside the auroral
bulge are found to be related as 4:1:2.
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Fig.5. Second substorm beginning.

Upper frame: images of 5577 A emission from ASI. The two upper
rows present the development of the weak substorm seen from
Andenes. It hardly reached the station. The polar edge of the auroral
bulge was over zenith in 22:02:11 UT (the left image of the second
row). The second two rows of images illustrate the development of
the second intense substorm. The bottom left image presents the
substorm beginning at Andenes. After this time the station stayed
constantly inside the auroral bulge during the substorm
development.

Bottom frame: course of the 55 77 A and 6300 A emissions intensities
and the ratio Ig300i/155774 during the substorm beginning.
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