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Abstract. The paper presents the results of the anal-
ysis of auroral hiss bursts, measured at Lovozero and
Barentsburg observatories. These points are located on
close geomagnetic meridians in the auroral and circum-
polar zones. The auroral hiss bursts occur first in the
auroral zone at Lovozero Observatory. Then, they fade
out smoothly and occur in the circumpolar zone at Bar-
entsburg Observatory. These events are observed when
geomagnetic activity and the source of phase scintilla-
tion of GPS signals move from auroral to circumpolar
latitudes. Analysis of magnetic field polarization and
arrival angles of the bursts has shown that the area on
the Earth surface, illuminated by hiss bursts, arose at
auroral latitudes near Lovozero Observatory, and then
moved to higher latitudes. Since propagation of the hiss
to the ground and occurrence of GPS signal scintillation
requires the presence of electron density irregularities of
similar scales in the ionosphere, we assume that the

same irregularities could cause both phenomena. A pos-
sible cause of their occurrence is the development of
current-convective and (or) drift instability in the iono-
sphere caused by the development of field-aligned cur-
rents. Their development is indicated by the simultane-
ous recording of PilB pulsations. The results show that
the termination of hiss at auroral latitudes may be
caused by a shift of the geomagnetic disturbance region
to high latitudes, rather than changes of wave propaga-
tion conditions in the ionosphere.

Keywords: GPS scintillation, auroral hiss, PilB
pulsations.

INTRODUCTION

Auroral hiss is noise-like electromagnetic emission
in the frequency range from several kilohertz to ~500
kHz with maximum intensity at frequencies 8-10 kHz
[Makita, 1979; Sazhin et al., 1993]. This is one of the most
common natural whistler emissions recorded both by satel-
lites and on the Earth surface at high latitudes.

Hiss is generated as a result of the development of Che-
renkov's instability of precipitating electrons with energies
below 10 keV [Jergensen, 1968; Maggs, 1976; Makita,
1979]. Numerous satellite observations have shown that
these emissions correlate well with <1 keV electron fluxes
[Hoffman, Laaspere, 1972; Mosier, Gurnett, 1972;
Laaspere, Hoffman, 1976, etc.]. On the Earth surface, hiss
is observed as bursts lasting from 1 to 10-20 min, which
are often followed by an increase in the brightness of the
auroras or their motion [Harang, Larsen, 1965; Makita,
1979; Nikitenko et al., 2022].

The condition for Cherenkov's resonance for the
lower hiss range below ~30 kHz is observed for waves
with wave normals lying at large angles to the external
magnetic field [Sonwalkar, Harikumar, 2000]. Such
waves cannot reach the Earth surface due to reflection at
altitudes where their frequency coincides with the local
lower hybrid frequency or reflection in the lower iono-
sphere, where there is a sharp refractive index gradient.

The generally recognized mechanism of auroral hiss
propagation to the ground is scattering by small-scale
(less than 1 km) irregularities in the upper ionosphere
[Sonwalkar, Harikumar, 2000]. Scattered waves have a
wide spatial spectrum. A portion of this spectrum falls
into the so-called propagation cone and hence is able to
reach the Earth surface. The concept of the propagation
cone arises when considering ionospheric plasma as a
medium whose parameters vary only with altitude.
When propagating in such a medium, the horizontal
component of the wave vector is conserved according to
Snell's law. Boundaries of the cone are defined by
waves in which the vertical component of the wave
normal is zero near the Earth surface.

Auroral hiss is recorded near the Earth surface much
less frequently than by satellites [Gurnett, 1966; Makita,
1979]. This fact indicates that ground-based observa-
tions of these emissions require ionospheric conditions
that allow the waves to reach the Earth surface. The
factors affecting the conditions of hiss propagation to
Earth play an important role in studying the dynamics of
ionospheric plasma.

Recent studies of auroral hiss in auroral latitudes have
shown that these emissions are typical of the growth phase
of a magnetospheric substorm and they suddenly stop with
the onset of the substorm [Kleimenova et al., 2019]. The
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authors have suggested that end of the bursts is due to in-
creasing wave absorption in the ionosphere, which could
be caused by energetic particle precipitation during
breakup. Moreover, there was a close relationship between
the occurrence of surface hiss bursts and amplification of
field-aligned currents.

Manninen et al. [2020] have shown that in 58 of 65
events, when hiss was recorded at the Kannuslehto au-
roral station (Northern Finland), there was a region of
field-aligned current amplification near this station.
From VLF observations at the circumpolar station South
Pole [Spasojevic, 2016], it has been found that hiss
bursts are more likely to occur when the maximum in-
tensity of field-aligned currents approaches the observa-
tion point in latitude.

As arule, all the cited works have used the results of
VLF observations only from one station at auroral or
circumpolar latitudes. To date, no studies have been
carried out on the latitudinal dynamics of the occurrence
of auroral hiss on the Earth surface and comparisons
between simultaneous observations at auroral and cir-
cumpolar latitudes.

In this paper, we for the first time examine the lati-
tudinal dynamics of propagation of auroral hiss bursts
to the Earth surface from simultaneous observations at
two points located at different latitudes in the same
longitude sector. We use data from Lovozero Auroral
Observatory (LOZ, Kola Peninsula, geographical coor-
dinates ¢=67.97° N, A=35.02° E, corrected geomagnetic
coordinates (CGM) F=64.7°, A=113.1°) and Barentsburg
Circumpolar Observatory (BAB, the Svalbard archi-
pelago, =78.09 N, A=14.21° E; F=75.21°, A=126.06°,
CGM). Since auroral hiss bursts on the Earth surface
are recorded mainly in winter [Manninen et al., 2020],
we have selected VLF observations made in the winter
of 2018-2019 for analysis. We have identified 17
events when the auroral hiss was detected at these
points at adjacent time intervals, i.e. at almost the
same hour. In eleven events, there were no clear coin-
cidences in the occurrence of hiss bursts. In these
events, hiss bursts at auroral latitudes (at LOZ) were
generally observed during the growth phase of the sub-
storm occurring on this meridian at auroral latitudes
and were not recorded at BAB. Nonetheless, hiss
bursts at BAB were accompanied by weak polar geo-
magnetic disturbances unrelated to substorms and ap-
peared regardless of bursts at LOZ.

In 6 of 17 events, there was a clear sequence of hiss
bursts: the bursts were recorded first at auroral (LOZ)
and 10-15 min later at circumpolar (BAB) latitudes.
Below are the results of the analysis of three of six most
dramatic events: January 5, 2019, 21:00-22:00 UT; De-
cember 9, 2018, 19:00-20:00 UT; March 1, 2019,
18:00-20:00 UT.

1. MATERIAL AND METHODS

The electromagnetic field of auroral hiss has been
measured with three-component VLF receivers devel-
oped and manufactured at the Polar Geophysical Institute
[Pilgaev et al., 2021]. Both receivers are carefully cali-
brated using a low-frequency waveform generator devel-
oped for this purpose [Pilgaev et al., 2018]. The calibra-
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tion made it possible to compare the results of observa-
tions at spaced points.

Along with VLF observations, we have also used data
from the meridional chain of PPN-NAL stations of the
Scandinavian magnetometer network IMAGE
[http://space.fmi.fi/image], induction magnetometers at
LOZ and BAB, all-sky cameras of the Scandinavian ob-
servatories Sodankyld (SOD, F=63.92°, A=107.26°) and
Kevo (KEV, F=66.32°, A=109.24°), as well as data from
ground-based observations of GPS signals recorded on
islands Bear (BJN, F=71.45°, A=108.07°), Hopen (HOP,
F=73.06°, A=115.10°), Longyearbyen (LYR, F=75.12°,
A=113.00°), and New Aalesund (NAL, F=7525°,
A=112.08°) [Oksavik, 2020]. Figure 1 presents a geo-
graphical map with ground observation points.

1.1. Analysis of VLF observations

We have preprocessed data from digital recording of
VLF-field components by removing pulse signals of at-
mospherics, caused by lightning discharges, and power-
line harmonics. This allowed us to analyze the field at
frequencies above 2—4 kHz.

We examined the features of the dynamics of the loca-
tion of the region on the Earth surface illuminated by auro-
ral hiss bursts (hereinafter the illuminated region) [Nikiten-
ko et al., 2022, 2023], by analyzing emission magnetic
field polarization and the direction of wave arrival at the
observation point.

To estimate the polarization, we have employed the
circular polarization index P, [Rytov, 1966]. It varies from
-1 to +1 [Rytov, 1966]; for waves with right-hand (left-
hand) polarization it takes positive (negative) values. In a
right-handed polarized wave, the magnetic field vector
rotates in the direction of electron rotation in the geomag-
netic field [Stix, 1992]. P.=0 means that waves are linearly
polarized, [1P,[=1 implies circular wave polarization. To
estimate the direction of wave arrival at the observation
point, we calculated the azimuthal angle of the vector in-
verse to the Poynting vector. In this paper, the azimuth
angle is measured from the direction to the north.
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Figure 1. Map of points of auroral hiss observations
(green circles), GPS scintillation (red), and auroras (blue) in
geographic coordinates


http://space.fmi.fi/image

Ground-based observations of the VLF auroral hiss

When estimating azimuthal angles, we studied their
distribution densities [Nikitenko et al., 2022; Lebed’ et
al., 2019]. The maximum of the distribution of azimuth-
al angles shows the most likely direction to the center of
the illuminated region [Lebed’ et al., 2019]. In order to
analyze the temporal dynamics of the location of the
illuminated region, we selected short intervals of 1 s to
calculate the distribution of azimuthal angles. Transpos-
ing the calculated distributions into columns and placing
them one after another, we formed time scanning of @,
This allowed us to analyze the temporal dynamics of the
location of the illuminated region.

2. OBSERVATIONAL RESULTS

Figure 2 exhibits magnetograms of high-Ilatitude
IMAGE stations constructed for three 4-hour intervals,
including observation intervals of the events under
study. Auroral hiss is seen to occur during geomagnetic
substorms whose development begins at auroral lati-
tudes (MUO-SOR), after which the region of geomag-
netic disturbances moves to the pole.

Figure 3, a, d, g presents spectrograms of the hori-
zontal magnetic field component constructed from ob-
servations at LOZ and BAB for the events of interest.
These events are seen to be characterized by the fact
that at LOZ the intensity of hiss bursts decreases from
the beginning of their appearance, whereas at BAB it
increases. A similar pattern is observed for all the six
events. The observed variations in the hiss magnetic
field may indicate movement of its propagation region
from auroral to circumpolar latitudes.

2.1. Auroral hiss and geomagnetic pulsations

Auroral hiss bursts were accompanied by Pi2 and
Pi1lB geomagnetic pulsations. Figure 3 exhibits spectro-
grams of the geomagnetic field X component in the PilB
range (0.02-1 Hz), obtained from observations at LOZ
and BAB (b, e, h), as well as Pi2 pulsations (8-16 MHz)
from observations at the IMAGE network (c, f, i). The
classification of PilB pulsations into a separate type was
first proposed in [Heacock, 1967]. They closely correlate
with bursts of auroral intensity and riometric absorption
(e.g., [Kangas et al., 1979; Bosinger, Yahnin, 1987]), as
well as together with Pi2 pulsations they indicate the on-
set of a substorm. In all the events, geomagnetic pulsa-
tions occur first at auroral latitudes (LOZ), and after a
while at circumpolar latitudes (BAB). The beginning of a
series of auroral hiss bursts at LOZ and the occurrence of
pulsations at auroral latitudes coincided in all the events
except for March 1, 2019 at 18:00-20:00 UT. In this
event, hiss appeared at LOZ 10 min after the onset of
pulsations. Note also that the onset of hiss at BAB coin-
cided with the beginning of a substorm at BJN.

2.2. GNSS scintillation

We have analyzed the results of ground-based ob-
servations of phase scintillation of GPS signals at the
network of stations at the University of Bergen [Oksa-
vik, 2020] (see location of the stations in Figure 1) dur-
ing the events considered. The observational results are
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presented in Figure 4. We took into account only those
satellites whose elevation angle was at least 30 . Scintil-
lation is seen to occur at the most equatorial point of
this network (BJN) after the onset of the auroral hiss at
LOZ. At other points, the time of scintillation onset in-
creases with increasing geomagnetic latitude. As is
known [Kintner et al., 2007], scintillation of satellite
signals is caused by their propagation through a region
with electron density irregularities in the ionosphere.
The observed delay in their onset with increasing lati-
tude seems to indicate the shift of region with irregulari-
ties to higher latitudes.

Recording of scintillation at high latitudes is caused
by GPS signal propagation in the ionosphere through
irregularities with scales from hundreds of meters to sev-
eral kilometers. Ground-based recording of auroral hiss
also indicates the existence of electron density irregulari-
ties of similar scales in the upper ionosphere [Sonwalkar,
Harikumar, 2000], by which waves are scattered into the
propagation cone. Since irregularities of similar scales are
necessary for the occurrence of scintillation and hiss scat-
tering, the occurrence of hiss first at LOZ and then at
BAB and the observed latitudinal dynamics of scintilla-
tion indicate the presence of conditions for motion of the
illuminated region to the pole.

2.3. Relationship between the position of the
scattering region and geomagnetic activity

We have estimated the location of the illuminated
region, using auroral hiss observations at LOZ and
BAB, in order to explore a possible relationship be-
tween the occurrence of these emissions and the shift of
the geomagnetic disturbance region and the GPS scintil-
lation source to the pole.

Event on January 5, 2019, 21:00-22:00 UT.

Figure 5, a—d presents the results of calculation of P,
and @s at LOZ and BAB for the event on January 5,
2019 at 21:00-22:00 UT. At LOZ before 21:20 UT, P,
is close to 1 (see Figure 5, a). This means that the rec-
orded waves had right-hand polarization close to circu-
lar. After 21:20 UT, P, did not exceed 0.2, i.e. almost
linearly polarized waves prevailed. At BAB, on the con-
trary, P, increased with time from almost zero values to
0.5-0.6. Polarization in this case, on the contrary,
changed from linear to right-hand circular.

Waves of magnetospheric origin with polarization
close to right-hand circular are recorded in the vicinity
of the space region where they leave the ionosphere and
propagate in the Earth-ionosphere waveguide. The term
"propagation region" is often applied to this region (e.g.
[Ozaki et al., 2008]). A direct wave dominates here,
which has not reflected from the boundaries of the
Earth—ionosphere waveguide. Its right-hand circular
polarization is due to the fact that the propagating mode
in the anisotropic ionosphere is a mode with this very
polarization [Stix, 1992]. Linear and left-hand polarized
waves are observed at distances where reflection from
the waveguide boundaries begins to dominate. This is
due to the presence of more favorable conditions for
reflecting left-handed polarized waves than for waves with
right-hand polarization. Thus, the polarization changes
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angle histograms calculated for different intervals from LOZ observations and plotted on a circle (d, h)

observed at LOZ indicate the removal of the illuminated
region from the observation point. According to BAB
data, at that time the illuminated region, on the contrary,
approached the observation point.

We analyzed hiss's ¢s to check whether the illumi-
nated region moved to the pole during the events of
interest. In Figure 5, b, ¢ are sequential histograms of
@s, calculated from LOZ and BAB observations for the
event of interest. For clarity, Figure 5, d separately
shows histograms of angles calculated for three inter-
vals from LOZ observations and plotted on a circle. At
LOZ, the position of the maximum of the histograms is
seen to vary from —110° at the beginning of observa-
tions to —80° at the end. Such variations mean a change
in the arrival of waves at the observation point from the
west-southwest direction to the west-northwest direc-
tion; i.e. the illuminated region moved to higher lati-
tudes in this case. Note that to ~21:16 UT multimode
distribution of ¢s was recorded at LOZ at certain points
in time. This is likely to imply the simultaneous existence
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of several illuminated regions. This situation might have
been caused by wave scattering in several zones filled with
small-scale irregularities [Nikitenko et al., 2022].

At BAB at the beginning of hiss observation, the
¢s distribution maximum assumed values of ~180°
(see Figure 4, b). Such angles indicate the direction
of wave arrival at the observation point from the
south. When maximum hiss intensity and P, are rec-
orded (see Figure 4, a), the maximum of this distribu-
tion shifts to ~90°. At that moment, the illuminated
region was almost at the same latitude as BAB, but
further east of this point. The results also suggest that
the illuminated region moved to higher latitudes.

According to the data, hiss bursts occur in the vi-
cinity of LOZ, but their illuminated region moves to
higher latitudes. At BAB, on the contrary, hiss is de-
tected with an illuminated region approaching this
point. From the results of the analysis, we can assume
that the hiss bursts observed at these points can be
generated by a single source moving to the pole. Note
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that, according to the data, in the vicinity of LOZ the
movement occurs along the meridian west of this
point, whereas LOZ and BAB are located almost on
the same geomagnetic meridian. Unfortunately, the
absence of an observation point between them makes
it impossible to more accurately trace the path of the
illuminated region.

Event on December 9, 2018, 19:00-20:00 UT.
The dynamics of P, and ¢s of the Poynting vector at
LOZ and BAB during this event is similar to that ob-
served during the event described above. The meas-
urement results of these parameters are presented in
Figure 5, e, h.

At the onset of hiss bursts at LOZ, P, was close to 1.
When the wave intensity began to decrease (see Figure 2,
d), its values decreased too. Polarization in this case varied
from right-hand circular to elliptical. This, as noted above,
is due to the fact that the illuminated region moved away
from the observation point.

The maximum distribution of @s at the beginning
of the series of bursts at LOZ indicates the arrival of
waves at the observation point from the southwest, and
by the end of this series waves began to arrive mainly
from the east-northeast and northeast directions (see
Figure 4, g, h). Thus, the illuminated region passed by
LOZ toward higher latitudes in a northeasterly direction.

At BAB, P, varied from zero, which corresponds to
linear polarization, to values close to 1, which are ob-
served at right-hand circular polarization (see Figure 5,
e). As follows from the observed dynamics of changes
in the position of maximum of @g distributions, emis-
sions first came to the observation point from the south,
and by the end of the bursts the direction of arrival
changed to the north and northeast (see Figure 5, f).

According to the reasonings given above, during
this event the illuminated region moved from auroral
latitudes to the pole. Note that despite the general ten-
dency for the illuminated region to shift toward the
pole, at auroral latitudes this shift does not occur along
the meridian.

Event on March 1, 2019, 18:00-20:00 UT. During
this event, unlike the others, there was no uniform mo-
tion of the illuminated region in latitude. At the same
time, variations in the geomagnetic field, geomagnetic
pulsations, and GPS scintillation are similar to those
observed in the other five events.

At LOZ, P, (see Figure 5, k) decreases with time,
and the wave arrival direction changes from south to
southwest after which the bursts abruptly disappear.
Thus, the illuminated region approaches LOZ, but does
not reach the latitude of the observatory. At BAB, bursts
abruptly appear a few minutes after they end at LOZ
(see Figure 5, j). The P, index increases slightly with
time (see Figure 5, i). The position of the maximum of
the ¢s distribution remains practically unchanged,
which indicates the arrival of waves from the south. In
this case, the illuminated region does not reach the lati-
tude of BAB.

To explain the observed jump, we have analyzed da-
ta from all-sky aurora cameras and the results of
ground-based observations of riometric absorption in
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order to investigate the presence of conditions for gen-
erating auroral hiss and its propagation to the Earth sur-
face. Unfortunately, due to bad weather it was impossi-
ble to analyze auroras at LOZ and BAB; that is why, we
used data from KEV and SOD [https://space.fmi.fi/
MIRACLE/ASC/asc_keograms_00.shtml] (see the map
in Figure 1). Riometric absorption data was taken from
the Finnish riometer network [https://www.sgo.fi/Data/
Riometer/riometer.php]. Note that for the rest of hiss
events discussed above, at auroral observation points on
the Kola Peninsula, Fennoscandia, and Svalbard, weath-
er conditions did not allow auroral observations.

Figure 6 presents auroral keograms from KEV and SOD
and the results of riometric absorption measurements on
March 1, 2019 at 18:00-20:00 UT. It shows that hisses
were observed when the auroras moved to the pole.
Ground-based recording of hiss is closely related to the
occurrence of auroras [Makita, 1979; La Belle, Treu-
mann, 2002], which means that recording of auroras
indicates the presence of conditions for hiss propagation
to Earth. Movement of the auroras to the pole might
have caused the illuminated region to move in the same
direction.

The riometer network shows an increase in riometric
absorption with increasing latitude. Maximum absorp-
tion (~1 dB) was observed to the north of LOZ at IVA
and ABI. At this level of absorption, auroral hiss can be
observed near the Earth surface [Kleimenova et al.,
2019]; however, these riometers usually employ receiv-
ing antennas of the wave channel type with apertures of
+45° or wider. Such antennas do not allow us to ade-
quately assess local electron density variations (less
than 100-150 km in diameter), which cause attenuation
due to the wide antenna pattern [Hunsucker, Har-
greaves, 2007]. Therefore, there could be a local region
of increased electron density in this event, which could
provide a high level of measured riometric absorption in
a bounded region and make the ionosphere closed for
propagation of the auroral hiss in the vicinity of the ob-
servation point.

Since in this event the shift to the auroral pole indicates
a shift in the auroral hiss generation region, we assume that
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Figure 6. Keograms of auroras from KEV and SOD and
results of riometric absorption measurement on March 1,
2019, 18:00-20:00 UT
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the abrupt “disappearance” of emission at LOZ might
have been caused by the local absence of conditions for
its propagation to the Earth surface. The same abrupt
changes in the location of the illuminated region, ac-
companied by an increase in riometric absorption with
increasing latitude, were observed in two more of the
six cases considered.

3. DISCUSSION

The paper presents the results of the analysis of
magnetic field polarization and azimuthal angles of ar-
rival of auroral hiss bursts recorded at LOZ and BAB,
and compares these results with data from geomagnetic
and GPS scintillation observations. The LOZ and BAB
points are located on close geomagnetic meridians in the
auroral and circumpolar zones. The events of interest
feature a decrease in the intensity of hiss bursts at LOZ
from the beginning of their occurrence and their smooth
appearance at BAB. The events occur when the geo-
magnetic disturbance region and the source of phase
GPS-signal scintillation move from auroral to circumpo-
lar latitudes.

According to the results of the analysis, the region
near the Earth surface illuminated by hiss bursts appears
at auroral latitudes and moves to the pole, which is man-
ifested in emission observation first at LOZ and then at
BAB. Since the illuminated region, the geomagnetic
disturbance region, and the GPS scintillation source
move simultaneously and in the same direction, we as-
sume that these processes may be related.

The events in question occur during weak geomag-
netic disturbances. The disturbances are accompanied
by generation of Pi2 and PilB pulsations, suggesting
that electrons penetrate into the ionosphere (e.g.,
[Raspopov, Troitskaya, 1974]). The occurrence of PilB-
pulsation bursts may indicate the beginning of the de-
velopment of a local substorm (e.g., [Arnoldy et al.,
1998]). The above-described nature of the disturbances
and the abrupt shift to the pole after their onset are char-
acteristic of all magnetospheric substorms. The source
of the auroral hiss might have been soft electron precipi-
tation typical of substorms.

The VLF auroral hiss propagates to a ground ob-
server due to scattering of waves by irregularities with
scales no more than several hundred meters. Irregulari-
ties of such scales also determine the observation of
GPS-signal scintillation at high latitudes. Observing the
simultaneous movement of the scintillation source and
the illuminated region suggests that scattering of VLF
waves and scintillation of GPS signals occurred by the
same irregularities.

A possible cause of the occurrence of electron densi-
ty irregularities, which ensured propagation of hiss to
the Earth surface and caused the occurrence of GPS
scintillation, might have been the development of cur-

rent-convective or (and) drift (type ExB) instabilities
in the ionosphere [Kelley et al., 1982]. The cause for the
development of such instabilities is likely to be the amplifi-
cation of electric fields produced by substorm currents. The
presence of such amplification is indicated by the record-
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ing of Pi1B geomagnetic pulsations [Wilhelm et al., 1977].
The assumption is confirmed by the results obtained in
[Kim et al., 2014]. The authors have found a close tem-
poral and spectral relationship between scintillation and
PilB geomagnetic pulsations, which allowed them to link
geomagnetic disturbances and amplification of electric
fields with ground-based recording of GPS scintillation.

The results are consistent with the results of our pre-
vious work [Nikitenko et al., 2024], which deals with
the events of simultaneous recording of auroral hiss
bursts and PilB geomagnetic pulsations. The events
differed in that the start and end times of the bursts of
hisses and pulsations coincided, and were similar in the
dynamics of the location of the illuminated region and
their accompanying auroras. Based on the data, it has
also been suggested that the occurrence of irregularities
by which hisses are scattered is also due to the devel-
opment of current-convective and (or) drift instabilities
in the ionosphere. In this paper, the fact of the presence
of irregularities is confirmed by observing GPS scintil-
lation during auroral hiss recording.

As indicated in Introduction, a number of studies
have observed a close relationship between the occur-
rence of auroral hiss and amplification of field-aligned
currents [Manninen et al., 2020; Spasojevic, 2016]. We
assume that the mechanism of this relationship may
involve the effect of field-aligned currents on the for-
mation of ionospheric irregularities by which hiss is
scattered into the propagation cone.

CONCLUSIONS

We have analyzed magnetic field polarization and
azimuthal angles of arrival of auroral hiss bursts record-
ed at LOZ and BAB and have compared the results with
data from geomagnetic observations and on GPS scintil-
lation. We have examined the bursts that occurred first
at auroral latitudes at LOZ and a few minutes later at
higher latitudes at BAB. Analysis of polarization and
azimuthal angles of the Poynting vector has shown that
the region on the Earth surface illuminated by hiss
bursts was first located near LOZ and then shifted to
higher latitudes.

The auroral hiss bursts were recorded at LOZ and
BAB during geomagnetic disturbances, which began to
develop at auroral latitudes and then, according to the
IMAGE network, shifted to higher latitudes. The occur-
rence of hiss was accompanied by generation of PilB
geomagnetic pulsations at LOZ and BAB. At the same
time, there was a delay in the time of onset of the pulsa-
tions, which coincided with the shift of the illuminated
region to the pole.

To the north of LOZ, GPS scintillation was observed
by a network of high-latitude stations, whose start time
increased with increasing magnetic latitude. These obser-
vations indicate that the shift of the illuminated region of
auroral hiss to the pole was accompanied by the motion
of ionospheric irregularities (with scales no more than
several hundred meters), which produced the scintillation.
Since irregularities of close scales are responsible for hiss
propagation to the Earth surface and for the occurrence of
GPS scintillation, we assume that the same ionospheric
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irregularities might have been responsible for the ground-
based recording of hiss and GPS scintillation. Such irreg-
ularities could be caused by creation of current-
convective and (or) drift instabilities in the ionosphere
due to the development of field-aligned currents indicated
by simultaneous recording of Pi1B pulsations.

The results demonstrate a close relationship between
hiss activity and substorm dynamics. It has been exper-
imentally shown that in the events considered, termina-
tion of hiss at auroral latitudes is caused by a shift of the
geomagnetic disturbance region to higher latitudes, ra-
ther than by changes in the conditions of wave propaga-
tion in the ionosphere.

The work was financially supported by RSF grant
No. 22-12-20017 “Spatio-temporal structures in near-
Earth space of the Arctic: from aurora through the char-
acteristics of plasma self-organization to radio-waves
propagation”.
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