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Abstract. We have examined several cases of magneto-
sphere compression by solar wind pressure pulses using a
set of instruments located in the noon sector of auroral zone.
We have found that the increase in riometric absorption (sud-
den commencement absorption, SCA) occurred simultane-
ously with the beginning of negative or positive magnetic
variations and broadband enhancement of magnetic activity
in the frequency range above 0.1 Hz. Since magnetic varia-
tions were observed before the step-like increase of magnetic
field at equatorial station (main impulse, MI), the negative
declinations resembled the so-called preliminary impulse, PI.
In this paper a mechanism for the generation of PI is intro-
duced whereby PI’s generation is linked to SCA – associ-
ated precipitation and the local enhancement of ionospheric
conductivity leading to the reconstruction of the ionospheric
current system prior to MI. Calculation showed that PI po-
larity depends on orientation of the background electric field
and location of the observation point relative to ionospheric
irregularity. For one case of direct measurements of elec-
tric field in the place where the ionospheric irregularity was
present, the sign of calculated disturbance corresponded to
the observed one. High-resolution measurements on IRIS
facility and meridional chain of the induction magnetome-
ters are utilized for the accurate timing of the impact of solar
wind irregularity on the magnetopause.
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1 Introduction

The geomagnetic sudden commencement (SC) is a very
global phenomenon. Due to clear onset and well identified
source, which is the sudden increase in the solar wind dy-
namic pressure at interplanetary shocks and discontinuities,
the SC-associated events may serve as a diagnostic tool for
the magnetosphere and continue to attract scientific interest.

The sudden magnetospheric compression by solar wind
pressure pulse (SWPP) produces a variety of geophysical
phenomena which may be easily detected with both ground
based and on-board instruments. It is well established that
the solar wind pressure pulse is associated with a step-like in-
crease of the geomagnetic H-component at low latitudes (e.g.
Araki, 1994), pulsations of Pc 5 and Pc 1 frequency ranges
at higher latitudes (e.g., Saito and Matsushita, 1967; Tep-
ley and Wentworth, 1962), the enhancement of ionospheric
absorption (e.g., Ranta and Ranta, 1990) and the intensifica-
tion of electron and proton auroras (e.g., Brittnacher et al.,
2000; Hubert et al., 2003). These effects and inter-relations
between them are studied in the present paper.

The ground global magnetic response to SWPP may be
characterized briefly as following (Araki, 1994). In the low
latitude region the waveform of the SC is approximately a
step-function. This variation is positive, indicating the in-
crease of geomagnetic field. Observations at higher latitudes
show the SC as two successive pulses: the preliminary im-
pulse (PI) and the main impulse (MI). The sign of PI may be
different at different stations. The appropriate current system
of PI was suggested by Araki et al. (1982).

Responding to SCs, magnetosphere can act as a cavity.
Magnetic oscillations excited in the magnetospheric cavity
are categorized in general as Pc 5 pulsations (150–600 s
period, 2–7 mHz frequency). To emphasize the connec-
tion with SC, these pulsations are sometimes referred to as
Psc 5. Besides the expected pulsations of compressional
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type, simultaneous Alfv́en oscillations are detected both at
the stationary orbit (Baumjohan et al., 1984) and at the
Earth’s surface (Tverskaya and Khorosheva, 1982). Multi-
spacecraft measurements showed that a toroidal (Alfvén)
mode is observed over a narrow range of L-shells whereas
a poloidal (compressional or magnetoacoustic) wave has a
much larger radial extent (Eriksson et al., 2006).

It is well known that that at the time of a sudden com-
mencement a sudden burst of particle precipitations into D-
region occurs that gives rise to a short-lasting increase in ri-
ometer absorption, known as Sudden Commencement Ab-
sorption (SCA). Ortner et al. (1962) reported that SCAs were
located around the central line of the auroral zone. Increased
electron density at altitudes 80–100 km has also been de-
tected by the EISCAT radar during several SC events (Yahnin
et al., 1995; Manninen et al., 1996) indicating the wide en-
ergy range of precipitating electrons. The important point
for our study is the SCA-associated changes of ionospheric
electric field (Nielsen and Honary, 2000) and conductivity
(Senior et al., 2007).

The auroral oval and polar cap ionosphere can be con-
sidered as a screen on which the magnetospheric processes
become visible. Owning to that, auroral images taken from
space may be applied for understanding of the global magne-
tospheric response to SWPP. In particular, it has been found
that SC leads to enhancement of the electron auroras. Inside
the auroral oval, the intensification first occurs in the dayside
and then expands toward the dawn and dusk (Zhou and Tsu-
rutani, 1999; Kozlovsky et al., 2004). Liou et al. (2002) re-
ported sudden brightening of the electron auroral patch sepa-
rated from the main (pre-existing) auroral oval. This kind of
auroral response to SWPP was named as Midday Sub-auroral
Patches (MSPs). The similar effects were found in proton
auroras by Hubert et al. (2003) and Fuselier et al. (2004) and
were named “subauroral proton flashes” and “transient day-
side subauroral proton precipitation”.

Among the above listed SC-associated events, the prelim-
inary impulse and excitation of the Alfvén-like oscillations
are the most intriguing ones. Although the PI is clearly seen
on the ground, it is not detected in interplanetary space. The
excitation of the Alfv́en waves implies the transformation of
the energy of the initial compression (magnetoacoustic) dis-
turbance to the Alfv́en mode that is not possible theoretically
in the uniform plasma.

The generation mechanisms for PI were suggested by
Nishida (1964), Tamao (1964) and Araki (1977). In general,
the mechanisms are based on the same idea – PI is caused by
the incidence of MHD disturbance to the polar ionosphere.
The disturbance is produced in the subsolar region of mag-
netopause at the very beginning of magnetosphere compres-
sion. To explain the advance of the main impulse, one should
hypothesize the disturbance to propagate faster than magne-
toacoustic wave responsible for the MI.

Transformation of the magnetoacoustic wave into the
Alfv én mode is a more fundamental problem than generation

of the PI and has been discussed therefore in many papers.
The basic idea is that the magnetosphere is a non-uniform
medium which leads to the coupling of these two modes (e.g.
Hasegawa and Chen, 1974). However, why during SC the
coupling occurs in the narrow range of L-shells is not well
understood.

Note that in the studies mentioned the source is regarded
to be the same for the PI and Alfvén oscillations, as well as
for the main impulse. That is a front of compressional dis-
turbance propagating Earthward at the velocity of magnetoa-
coustic wave. Safargaleev and Maltsev (1987) suggested that
the source of PI and Alfv́en oscillations may be the same but
different from that for the MI. They supposed that it could be
the localized area of enhanced ionospheric conductivity. In
the presence of ionospheric electric field, the appearance of
ionospheric irregularity “launches” Alfv́en wave through the
well-known polarization effect. Velocity of precipitating par-
ticles producing the ionospheric irregularity is much higher
than that for magnetoacoustic wave. Therefore Alfvén oscil-
lations will start on the ground slightly prior to the arrival of
the front of compressional disturbance (main impulse). Su-
perposition of oscillations and MI creates the effect of high
latitude preliminary impulse. Safargaleev and Maltsev also
showed that the disturbance of the current system caused
by the local enhancement of the ionospheric conductivity re-
sembles the equivalent current system of the preliminary im-
pulse obtained by Araki et al. (1982).

In this study we perform a comparative analysis of mag-
netic and riometric absorption disturbances caused by SC
with the aim to test the hypothesis by Safargaleev and Malt-
sev (1987) on the ionospheric origin of preliminary im-
pulse and SC-associated Alfvén oscillations at high lati-
tudes. We use the data of Scandinavian magnetometers
network IMAGE to identify the sudden commencements
with preliminary impulse. As indirect evidence for the SC-
initiated enhancement of ionospheric conductivity we regard
the above mentioned SCA events inferred from the data of
the Kilpisjärvi IRIS imaging riometer. We only consider
the local near-noon events since the interaction between so-
lar wind and Earth’s magnetosphere is more direct in the
noon sector. We do not discuss the later stage of develop-
ment of the events (after the front of disturbance arrives to
the Earth). Otherwise we should take into account the IMF
effects and complex character of propagation in the magne-
tosphere of different MHD-modes launched by SWPP. In the
light of our findings, we make recommendations on the use
of SC-excited Pc 1 pulsations in the tasks of magnetospheric
physics.

2 Instrumentation and interval selection

Northern Scandinavia is located under the auroral oval and
is a region where the SC-initiated precipitation and accom-
panying events may be detected by a number of instruments.
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Fig. 1. Location of the instruments in the region of observations.
Blue area is field of view of the imaging riometer IRIS facility.

Of particular interest to our study are riometers and magne-
tometers.

Figure 1 shows the location of measurement points in this
study. The Kilpisj̈arvi IRIS imaging riometer (69.05◦ N,
20.79◦ E, MLT=UT+∼2 h) provides cosmic radio noise ab-
sorption at 38 MHz. The system produces an array of 49
narrow beams with widths between 13◦ and 16◦. The IM-
AGE chain of magnetometers covers roughly magnetic lati-
tudes 55◦–75◦. The meridional middle chain of IMAGE is
particularly suitable for electrojet studies. In longitudinal di-
rection the coverage is best in the standard auroral oval re-
gion (64◦–67◦ magnetic latitudes). Currently the network in-
cludes 29 magnetometers with sampling rate of 10 s. Finnish
pulsation magnetometer chain contains six three-component
search coil magnetometer stations located on Scandinavian
Peninsula. In addition, the station of the Polar Geophysical
Institute, Russia, at Barentsburg (BAB) was used. Stations
are timed by GPS system and sampling rate of the data of
induction magnetometer is 40 Hz.

Statistically, the most direct response of the ionosphere to
the impact of solar wind irregularity to the magnetopause is

assumed to be observed around the noon-sector. Close to
the dawn and dusk, the propagation of the disturbances both
in the magnetosphere and ionosphere should be taken into
account. To exclude the propagating effects, we concentrate
mainly on the events within∼6 h interval centered near local
noon at Kilpisj̈arvi (MLT=UT+∼2 h 40 m).

Typical amplitude of fluctuations in solar wind dynamic
pressure is 0.5–1 nPa. We limited ourselves by considering
the SCs with magnitude notably exceeded this value (except
one event that occurred under the quite conditions in solar
wind and produced well manifested response on the ground).
Note, that well recognized response to SC in riometric and
magnetic data was one of the limitations on the event selec-
tion.

To define the moment of main impulse we used the
data from magnetic equatorial stations Bangui (BNG,
4.33◦ N, 18.57◦ E, MLT=UT+∼2 h) and Addis Abbaba
(AAE, 9.02◦ N, 38.77◦ E, MLT=UT+∼2 h). Using these data
for comparison with others, a higher time resolution samples
of 30 s before and after the minute (IAGA format) was cho-
sen. Only events with clear onset were accepted. The events
with weak negative excursion prior to 1 min step-like in-
crease (low latitude preliminary impulse) were also excluded
from the consideration.

We have examined the Wind data on solar wind ion pres-
sure through the period from June 2000 to April 2004. Al-
though more than 200 SCs were analyzed altogether, only 11
events meeting the above formulated criteria were found and
undergone the further analysis. In the next section a typical
event observed on 18 March 2002 is described in details, and
analysis of all the events is summarized in Sect. 4.

3 Geomagnetic disturbances associated with particle
precipitation initiated by sudden increase in solar
wind dynamic pressure: a case study

3.1 Sudden magnetosphere compression on 18 March
2002: general description of the event

Figure 2 is an overview of the disturbances occurred on the
ground in response to strong increase in solar wind dynamic
pressure. At about 13:10 UT the Wind satellite, probing
the interplanetary medium atXGSM=44RE, YGSM=−117RE,
and ZGSM=−34RE, observed the increase of solar wind
pressure up to∼23 nPa within five minute interval (top panel
in Fig. 2a). We should note that this significantly exceeded
the typical amplitude of variations of solar wind pressure.
12 min later, main impulse was detected at low latitudes
(AAE). The time lag corresponds approximately to the prop-
agation time of the front of irregularity from satellite position
to the magnetopause. Rather complex magnetic variations
were seen at IMAGE magnetometer network (middle panel
in Fig. 2a). In auroral zone (KIL) and below (NUR), the dis-
turbance in geomagnetic X-component has a shape of a step

www.ann-geophys.net/28/247/2010/ Ann. Geophys., 28, 247–265, 2010



250 V. Safargaleev et al.: Geomagnetic disturbances on ground during SC

Fig. 2. (a)From top to bottom: solar win pressure pulse (SWPP) in
space, magnetic response at equatorial station and in auroral zone,
sudden absorption commencement (SCA);(b) sonograms showing
the SWPP-initiated magnetic disturbances on the meridional chain
of induction magnetometers.

with negative preliminary impulse. One can also distinguish
Pc 5 pulsations at NUR. At high latitudes (LYR) the SWPP
caused strong negative excursion. These magnetic variations
were accompanied with enhancement in riometric absorption
seen in almost all beams of imaging riometer IRIS (Fig. 2a,
bottom panel).

Fig. 3. Electron aurora response to SWPP as seen from the IMAGE
satellite. The fragment of DMSP F13 trajectory within boundary
plasma sheet precipitation is shown with black line.
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Fig. 4. (a)Negative magnetic deviation and SCA observed at high
latitudes 1 min before the main impulse at equatorial station AAE;
(b) two-dimensional “portrait” of sudden commencement absorp-
tion in the IRIS field of view.

The geomagnetic response in Pc 1 frequency range is
shown on spectrograms in Fig. 2b. We point out three stages
in the development of the ULF-activity. At first, the ampli-
tude of variations in frequency range of 0–0.4 Hz increased
suddenly in auroral zone (ROV) and at high-latitudes (BAB).
Some minutes later, the enhancement of rising frequency oc-
curred at ROV. Finally, the series of two ULF-bursts with
central frequency∼1.2 Hz and repetition period of about
12 min was detected in auroral zone.

Figure 3 shows the behavior of electron auroras initiated
by sudden magnetosphere compression. The auroras en-
hanced near local noon and then split up in two bright pat-
terns propagating to dawn and dusk inside the boundary
plasma sheet (bps) as was indicated by data of the DMSP
F13 satellite passing above the area of observations near
13:26 UT. The conjugation of the postnoon auroral oval with
bpswas reported earlier by Kozlovsky et al. (2002). While
the riometric enhancement might be caused by the intensifi-
cation of particle precipitation to ionospheric D-region, the
enhancement of electron auroras indicate the increase of par-
ticle precipitation to E-region.

So, by taking into account the enhancement of proton au-
roras, which will be discussed later, the chosen event presents
almost full set of SWPP accompanying phenomena listed in
the Introduction section. In the following sections we discuss
in the detail the possible connection of PI with electron pre-
cipitation and Pc 1 pulsations with precipitation of protons.

3.2 Preliminary impulse and sudden commencements
in riometric absorption and dayside electron auro-
ras

The SWPP associated phenomena are presented in Fig. 4 in
more details. Magnetic data from low latitude station AAE
has the lowest temporal resolution of 1 min whereas other
data were obtained at 10 s resolution. Nevertheless, it is seen
that disturbance at KIL started before the step increase of ge-
omagnetic field at low latitudes (main impulse) and resem-
bled a typical preliminary impulse. The AAE data are av-
eraging higher time resolution samples from before and af-
ter the minute. In such a case, the MI at AAE corresponds
to step increase of magnetic field at KIL, which also started
near 13:23:30 UT.

The weak negative deviation at KIL (preliminary impulse)
started almost simultaneously with enhancement in riomet-
ric absorption. In Introduction section this phenomenon was
referred to as SCA. The enhancement occurred within the
whole IRIS field of view, as seen in Fig. 4b, and indicated
the increase of the precipitation of the electrons with energy
of several tens of keV. The SWPP initiated also more soft
precipitation, which caused electron auroras (see Fig. 3). Al-
though the temporal resolution of SIE instrument onboard
the IMAGE satellite is one frame per two minutes, in the
present case it was possible to find out that auroras appeared
at 13:22:40 UT, i.e. before the main impulse had started on
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Fig. 5. Disturbances in the frequency band above 0.1 Hz (upper and
lower panels) and SC-initiated magnetic variations at LIR and KIL
and sudden commencement absorption (central panel).

the ground. Based on this observation, we use the riome-
ter data to indicate precipitation in the wide energy range for
the other SWPP events when IMAGE satellite data were not
available.

Good temporal correlation PI with SCA indicates the con-
nection between them. We think that precipitation could lead
to reconfiguration of the ionospheric current system via the
local increase of ionospheric conductivity. No doubts, elec-
tron auroras are accompanied with change of ionospheric
conductivity. Recently Senior et al. (2007) showed that there
is a relation between riometric absorption and the conduc-
tance, too. Since the particle velocity is higher than the ve-
locity of magnetoacoustic MHD wave responsible for MI,
the changes of ionospheric currents starts earlier than the
wave arrives at Earth. Thus, the precipitation produces on
the ground an imaginary effect equivalent to the preliminary
impulse. Note also, that local area of enhanced conductiv-
ity may be a source of Alfv́en wave (e.g. Kozlovsky et al.,
1997), the signatures of which are seen in Fig. 4 as pulsa-
tions of 100 s period at KIL.

At the initial stage of the event the amplitudes of both
PI and SCA are small. At this time the enhanced auroras
are observed in post-noon sector (see Fig. 3), away from
Kilpisjarvi. The magnetic disturbance reached maximum at
13:27 UT, when the area of enhanced luminosity has shifted
close to the region of observations. The intensities of both
auroras and SCA are also higher at this moment. This also
supports our assumption on the possible source of prelimi-
nary impulse.

3.3 Bursts of ULF noise and dayside proton auroras

The sonograms in Fig. 5 show in the detail the initial stage
of SWPP-induced ULF activity at high latitudes (BAB) and
in auroral zone (ROV). First of all, we draw reader’s atten-
tion to the burst of increasing frequency (further referred as
“rising bursts”) started at 13:24:20 UT at ROV (momentT

in Fig. 5). Such kind of ULF activity, firstly described by
Tepley and Wentworth (1962), seems to be the most typical
geomagnetic response to the SWPP in the frequency range
0.1–3 Hz (e.g. Kangas et al., 1998). This feature is associ-
ated with the development of electromagnetic ion-cyclotron
(EMIC) instability in the equatorial plane of magnetosphere
near the noon. In the present case, the source of the rising
burst in the magnetosphere is also limited in radial direc-
tion and seems to be conjugated with auroral zone, because
no response is seen∼800 km north and south of Kevo (see
Fig. 2b). In Fig. 6, where three intervals of activity of proton
auroras are presented, the rising burst may be associated with
the appearance of “subauroral proton flash” in postnoon sec-
tor between 13:22:40 UT and 13:24:43 UT (series of images
in Fig. 6a). This is expected since EMIC instability should
lead both to generation of the waves of Pc 1 type and proton
precipitations.

Another form of ULF-response, which has also been pre-
viously mentioned in the literature (Safargaleev et al., 2002),
is a series of two bursts at central frequency∼1.2 Hz seen in
the middle spectrogram in Fig. 2b after 13:30 UT and around
13:45 UT. As it is seen in Fig. 6b and c these pulsations are
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Fig. 6. Images showing three intensifications of proton auroras in the midday sector. Each of intensifications may be associated with
enhancement of ULF activity at KIL (see Fig. 2b, central panel).

accompanied with proton aurora enhancements, too. Unlike
the rising burst, these auroral flashes are observed at higher
latitudes, presumably in the cusp vicinity. Note that other
kind of proton auroras, expanding inside auroral oval toward
the dawn and dusk, did not demonstrate apparent correlation
with ULF-activity.

Sudden enhancement of ULF noise in the frequency range
below 0.4 Hz, which occurred almost simultaneously with
SCA, at the momentT0=13:21:30 UT (see Fig. 5), was not
reported before as an attribute of SC-initiated ULF activity.
The enhancement is seen at BAB, ROV and NUR but is more
impressive at BAB, i.e. close to the latitudes where electron
auroras appear in response to SWPP (Fig. 3) and magnetic
disturbance was large (Fig. 2a). It is suggested that similar to
preliminary impulse, this kind of ULF activity is also caused
by the disturbances of ionospheric currents in the region of
electron precipitation. Sudden ULF-enhancement gets ahead
of rising burst by three minutes. The possible reasons for this
will be discussed later in Sect. 4.4.

4 Discussion

4.1 High latitude magnetic disturbances and sudden
commencement in riometric absorption: statistics

Characteristics of the events considered in this study are pre-
sented in Table 1. In the second column we indicate the date
of SC. Amplitudes of SWPP in space (mainly, at the Wind
satellite) and at low latitudes (mainly, at BNG observatory)
are in third and sixth columns. The start times of magnetic
disturbance in horizontal X-component at KIL (1X) and SC-
associated riometric disturbance (SCA) are in the seventh
and tenth columns. Although all magnetic disturbances at
high latitudes were observed before the disturbance at low
latitude station, not all of them developed a negative prelimi-
nary impulse prior the step-like increase as shown in Fig. 4a.
Hence, a general term “preliminary magnetic disturbance”,
PMD, instead of “preliminary impulse” is used in the follow-
ing discussion which will be discussed later. Columns eight
and eleven contain information about amplitude of the pre-
liminary magnetic disturbance and SCA. In the ninth column,
the period of two modes of SC-initiated pulsations, Psc 5, is
given. The sign “–” means that no pulsations were possible
to identify in the data of IMAGE network.

We separate data set in two parts. For the events 1–6 in Ta-
ble 1 the preliminary magnetic disturbance and SCA start si-
multaneously (within 10 s ambiguity due to data resolution).
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254 V. Safargaleev et al.: Geomagnetic disturbances on ground during SC

Table 1. Characteristics of SWPPs in space and associated magnetic and riometric disturbances on the ground.

No. Date SWPP IMFBya IMF Bza MI 1X 1X Psc 5 IRIS SCA
(nPa) (nT) (nT) (nT) UT nT s UT dB (beam)

1 2 3 4 5 6 7 8 9 10 11

1 8 Jun 2000 10 2.5 4 55 09:10:20−125 150/50 09:10:20 2.0 (29)
2 6 Nov 2000 2 2.5 −1.5 40 09:47:10 +40 −/60 09:47:10 1.1 (30)
3 19 Mar 2001 2 −4.5 3 35 11:12:40 −30 −/− 11:12:40 0.5 (8)
4 23 May 2002 11 +12 5 40 10:49:50 −50 140/− 10:49:50 1.2 (3)
5 8 Apr 2001 12 +4 −2 55 11:00:50 +50 −/60 11:00:50 0.8 (9)
6 19 Apr 2002 1.5 −9 0 50 08:35:00 +20 140/− 08:35:00 0.9 (40)

7 3 Mar 2001 2 4 −3 20 11:21:10 −20 140/− 11:21:30 0.3 (10)
8 17 Apr 2002 20 −7 −5 70 11:06:00 +40 120/− 11:06:30 1.0 (15)
9 17 Aug 2001 5 4 1.5 35 11:02:30 −30 −/− 11:05:30 0.7 (22)
10 29 Jul 2002 4 −3 1.5 25 13:21 −70 130/− 13:25 1.0 (17)
11 18 Mar 2002 20 −2 0 100b 13:21:50 −25 −/− 13:22:10 1.1 (4)

a ACE data;b AAE data

The observations refer mainly to near noon hours. The mea-
surements during events 7–11 took place in the afternoon.
For these events SCA is delayed relative to the start of pre-
liminary magnetic disturbance by 20–180 s. The delay may
be explained in the frame of generation mechanism of PI
suggested by Safargaleev and Maltsev (1987) and briefly dis-
cussed in previous section. Indeed, the SCA is seen when the
precipitation occurs in the vicinity of riometer set whereas
the magnetometers are sensitive to the disturbance of iono-
spheric current far away from the measurement point and,
hence, can detect it prior to particle precipitation observed at
IRIS.

For all events considered, the amplitude of preliminary
magnetic disturbance decreased from KIL to lower latitudes
(see, for example, Fig. 2a). This is consistent with our as-
sumption regarding the localization of the ionospheric source
of PMD at high latitudes. However, no systematic behavior
was found form KIL to Spitsbergen Archipelago, probably,
due to poor coverage by the ground measurements of this
very interesting area, which is conjugated with various day-
side magnetospheric domains (mantle, cusp, llbl, bps).

The variety of high latitude magnetic response to SWPP is
demonstrated in Fig. 7. Some statistical results are presented
in Fig. 8.

Six disturbances of eleven were negative and looked like
a typical preliminary impulse whereas others were positive.
Sometimes the disturbances of the opposite polarities were
observed at the same place (KIL) and, approximately, at the
same time (for instance, events 8 and 9 in the Table 1), which
may not be explained by spatial distribution of the equiva-
lent ionospheric current system of PI suggested by Araki et
al. (1982). Figure 8a shows the dependence of the polarity
of PMD on the sign of IMFBz component averaged over the
30 min interval preceding the sudden enhancement of plasma

density and bulk speed at ACE satellite. Most of the prelim-
inary disturbances, which look like the typical preliminary
impulse, started whenBz was northward whereas prior pos-
itive PMD the IMF Bz was directed southward. The sign
of Bz influences the configuration of the dayside magneto-
sphere, shifting, in particularity, the ionospheric projection
of subsolar point poleward or equatorward via the reconnec-
tion process. Hence, the region of precipitation may also be
shifted poleward or equatorward depending on the IMFBz
sign.

In general, the shape of PMD may be described as super-
position of damping oscillations and delayed by 1–2 min the
step-like increase of the magnetic field (Fig. 8b). Note that
the shape of preliminary magnetic disturbance in Fig. 7 does
not repeat the shape of the bay in riometric absorption. This
finding means that beside the increase of the ionospheric con-
ductivity, there should be another factor, which regulates the
development of PMD in time. We think that this may be
movement/expansion of the irregularity relative to the obser-
vation point.

Data presented in Fig. 8c show no correlation between
the amplitudes of the roimetric disturbance and SWPP. For
example, the strongest SCA was detected during event 1
when IRIS was near the noon. Rather larger pressure pulses
(events 8 and 11) were accompanied with absorption en-
hancements, which are even weaker by factor of 2. The
measurements during these events were in the afternoon sec-
tor. It is therefore suggested that for the most of events
the maximum precipitation occurred not just above the IRIS
field of view but at some distance from it and then propa-
gated/expanded toward the observation region (see Sect. 3.2
and Fig. 3) following the front of MHD disturbance in the
magnetosphere.
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Fig. 7. Different shape of magnetic response to SWPP at high latitudes. Magnetic variation begins simultaneously with SCA event but
forestalls the step-like disturbance at equatorial station.

In the next section we summarize the results of observa-
tions with emphasis on the main features of the preliminary
magnetic disturbance. A simple semi-empirical model of dis-
turbance will be discussed.

4.2 Polarization electric fields generated by an elliptic
ionospherc irregularity as a source of preliminary
magnetic disturbance

In this section we present a model of high latitude magnetic
response to SWPP, which fits the following experimental re-
sults inferred from the data analysis.

1. Geomagnetic variation at high latitudes precedes the
step-like increase of geomagnetic H-component at
equatorial station.

2. Geomagnetic variation at high latitudes starts almost si-
multaneously with enhancement of the particle precip-
itation near the meridian plane where the solar wind
discontinuity hits the magnetopause (near local noon).
Otherwise, the increase of precipitation is delayed after
the magnetic disturbance by 1–2 min.

3. The magnetic disturbance looks like a superposition of
oscillations and a step-like increase of the field, which
is shifted by 1–2 min relative to the oscillation onset.
Herewith, the former are not accompanied with the vari-
ations in riometric absorption.

4. The oscillations start as positive or negative deviation
depending on the orientation of IMFBz component.
Positive response is observed whenBz is negative be-
fore the event and vice versa.

For the most of recent models of PI, the general assumption
is that the ionospheric currents responsible for PI are induced
by the electric fields transported from the outer magneto-
sphere (Araki et al., 1994, and references therein). Fujita
(2003) presented a quantitative model of the PI, where the
PI current is first excited as an enhanced Chapman-Ferraro
current in the magnetopause and then turns to the magne-
tosphere along the wavefront of the compressional signal
launched by the impulse. To explain the main feature of
PI, namely, its occurrence before the main impulse, such
hypotheses as a difference of propagation velocity of SC-
initiated waves along and across the magnetic field line, or
complex shape of the dayside magnetosphere, or specific
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shape of the front of disturbance, should be assumed. Nev-
ertheless, the generation mechanism for PI is still a point of
debate (e.g. Kikuchi and Araki, 2002).

Safargaleev and Maltsev (1987) suggested that the iono-
spheric currents responsible for PI are induced by the elec-
tric fields, which appear in the ionosphere directly as the
polarization fields inside and outside the localized area of
enhanced conductivity. The ionospheric irregularity is pro-
duced by precipitating particles. In this model, the time
shift between PI and step variation appears because the par-
ticles move in the magnetosphere faster then MHD waves
and, hence, reach the ionosphere prior to the disturbance re-
sponsible for main impulse. The situation is similar to that
observed in our study in riometric absorption (see examples
in Figs. 4 and 7).

The theoretical details of generation and calculation of po-
larization electric field in the ionosphere may be found, for
instance, in the papers devoted to excitation of Pi2 pulsations
by brightening of auroral arc (Maltsev at al., 1974), genera-
tion of the Alfvén impulse in the ionosphere (Kozlovsky et
al., 1997) and behavior of the electric field in the vicinity of
varying auroras (Safargaleev et al., 2000). It was shown that
the problem may be easily solved if one presents the iono-
sphere as a complex plane with real axis x directed to the
East and imaginary axis y directed to the North. Within such
approach, electric field vectors are presented as complex
numbers likeE = Ex+iEy, the independent complex variable
(distance to the observation point) is defined asz = x+iy, and
complex conductivity has a form6 = 6P− i6H, where6P
and6H are the height-integrated Pedersen and Hall conduc-
tances. For the elliptical irregularity stretched alongx(i.e.
along the latitude) and located in the origin of coordinates,
the disturbed electric fields, which arise due to polarization
of the irregularity in the ambient electric field,E0, may be
calculated as (see Safargaleev at al., 2000, and references
therein):

E1 =
a+b

a−b

60+6∗

0 +26w

61−60

µE0+E∗

0

µµ∗ −1
−E0 (1)
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0
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E2 = −
1

2

(
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1
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−1

∗
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Equation (1) gives the value of the disturbed electric field,
E1, inside the ellipse, and Eq. (2) describes the disturbance
of electric field outside the inhomogeneity. Here6w is ef-
fective conductivity of the magnetospheric plasma for prop-
agating Alfv́en wave,6w=(µ0VA)−1, whereµ0 is the vac-
uum magnetic permeability,VA is the Alfvén velocity,a and
b are the major and minor semi-axes of the ellipse. Symbol
“*” means the complex conjugate, the index 0 corresponds
to the background values. Equations (1–2) are obtained by
assuming that charges and field aligned currents are located

on the ellipse periphery, and the undisturbed electric fieldE0
is uniform.

A local change of conductivity leads to the reconfigura-
tion of the system of ionospheric currents and produces at the
surface of the Earth a magnetic disturbance, which at some
distance from the irregularity may be estimated as:

1B =∼ i1Jeq∼ i(60+6w)E2 (3)

where imaginary uniti provides the phase difference of 90◦

between the equivalent ionospheric current,Jeq, and mag-
netic field.

Senior et al. (2007) showed that the Hall conductance
and the conductance ratio,6H/6P, have the strongest as-
sociations with cosmic noise absorption and the Pedersen
conductance is weakly related to the absorption. The sim-
ilar behavior is demonstrated by ionospheric conductance
in association with precipitation causing optical auroras in
the nightside ionosphere (e.g. Safargaleev et al., 2000).
So, for estimation of the field disturbancesE1 and E2
we will assume background conductivity6H0=20 Ohm−1,
6H0/6P0=2, 6w=2 and disturbed values (i.e. inside the ir-
regularity)6H1=26H0, 6H1/6P1=4.

The results of calculation of the disturbed electric field,
E2, and associated disturbance in the northward component
of geomagnetic field on the ground,1H , are presented in
Fig. 9 for four cases of orientation of ambient electric field.
Upper panel in each figure is a sketch showing the orientation
of the irregularity (gray area) with respect toE0 (open ar-
row). Horizontal bold line at the distance 1.5b south of irreg-
ularity indicates the profile along which the disturbances of
electric field (arrows) and magnetic field were calculated us-
ing Eqs. (1–3). Colored areas correspond to positive (green)
and negative (yellow) values of1H. Here we focus mainly
on the sign of1H, whereas calculated amplitudes of distur-
bances may not be reliable since we have no realistic data
on E0, ionospheric conductivity, and changes caused by the
precipitation.

Model situations (a) and (b) correspond to location of the
irregularity in the late afternoon sector poleward or equa-
torward of the convection reversal boundary where the N-
S component of the ionospheric electric field dominates.
Model situations (c) and (d) may be associated with location
of the irregularity in the vicinity of the cusp where the hori-
zontal component of the ambient electric field prevails (east-
ward or westward dependening on IMFBz orientation). Al-
though the configuration of the electric field at high latitudes
is rather complex, even this simplified model allows us to
understand two observed features of PMD. Firstly, the mag-
netic disturbance caused by the irregularity in the same point
may be of different polarity dependening onE0 orientation,
which, in turn, is notably defined by IMFBz. We pointed out
this finding in previous section. Secondly, the impulse char-
acter of variation might be conditioned by azimuthal prop-
agation of the irregularity and adjusted stationary (in time)
current system above the magnetometer. Indeed, one may

Ann. Geophys., 28, 247–265, 2010 www.ann-geophys.net/28/247/2010/



V. Safargaleev et al.: Geomagnetic disturbances on ground during SC 257

Fig. 8. (a) Dependence of the polarity of preliminary magnetic disturbance on the sign of IMFBz component;(b) sketch illustrating the
presentation of the high-latitude disturbance as a sum of oscillations and step-like increase;(c) amplitude of SCA vs amplitude of SWPP.

easily infer this from the shape of H-disturbance in Fig. 9.
This approach was applied earlier for explanation of mag-
netic spikes/Ps6 pulsations observed during the events of
“omega auroras” (e.g. Kawasaky and Rostoker, 1979). As
mentioned above, the impulse-like change of PMD may not
be connected with temporal variation of ionospheric conduc-
tivity inside the irregularity since no corresponding changes
was found in riometric data.

Note that model simulations may explain the non-perfect
correlation between the sign of PMD andBz orientation (see
Fig. 8a). Although the position of the observation point is
fixed in space, the location of the ionospheric irregularity
may change with respect to the orientation of the front of
solar wind discontinuity that yields PMDs of different polar-
ities even under the same IMFBz conditions.

In one case it was possible to test the model using some
results of in situ measurements as input parameters. In
Fig. 10a, two frames from the IMAGE satellite show that au-
roras responded to SWPP in pre-noon sector between 67–70◦

MLAT. The DMSP F15 passed above this area 15 min before
the onset in riometric absorption and positive magnetic im-
pulse (see Table 1 and Fig. 7). The satellite detected the pre-
cipitation typical for central plasma sheet and also measured
the electric field which we regard as ambient electric field.

The variations of two electric components along fragment
of trajectory shown with white line on the top image are pre-
sented in Fig. 10b. Red arrow indicates the magnetic latitude
of KIL. The electric field demonstrated the bi-polar variation
in the south-north component at approximately 69◦ MLAT,
which may be a signature of the sheet of upward field aligned
current on the poleward boundary of auroral oval (Kozlovsky
et al., 2006). The averaging of the electric field over the in-
terval between FAC and MLAT of KIL (i.e. over the auroral
oval) givesEx0=20 mV/m andEy0=10 mV/m. Here, x-axis
is directed to the East, and direction of y is to the North.
Situation considered is close to that, which is presented in
Fig. 9c: eastward component ofE0 is twice the northward
component andBz is negative.

Sketch on the upper panel in Fig. 10c shows the colloca-
tion of irregularity (gray area) and observation point (red cir-
cle), open arrow is ambient electric field. The spatial distri-
bution along the latitude of KIL (red line on the sketch) was
obtained after substitution of above estimatedE0 to Eqs. (1–
3) and presented below the sketch. During the event, the
magnetometer KIL was located very close to the eastern edge
of the irregularity where our calculations give positive PMD,
which is in accordance with observations. The impulse- like
shape of PMD may be the effect of azimuthal (eastward) ex-
pansion of the irregularity.

4.3 Psc 5 and sudden commencement absorption ex-
cited by SC

Magnetic pulsations of Pc 5 frequency range are another
interesting phenomenon following SWPP. These pulsations
demonstrate signatures of the Alfvén waves both on the
ground (Tverskaya and Khorosheva, 1982) and in space
(Baumjohan et al., 1984; Eriksson et al., 2006) although the
disturbance, which initiates Psc 5, is the compressional one.
The problem of transformation of the energy from the mag-
netoacoustic oacoustic oscillations to the Alfvén mode is a
fundamental problem of space physics rather than a particu-
lar case of generation of Pc 5 pulsations after SC. Among the
numerous theories suggested (see, for instance, references in
the paper by Eriksson et al., 2006) we note the generation
of the Alfvén wave by the area of enhanced ionospheric con-
ductivity (e.g. Kozlovsky et al., 1997, and references therein)
since this mechanism is in good agreement with our previous
suggestion (Safargaleev and Maltsev, 1987) and the observa-
tions discussed in the this paper.

In the presence of ambient electric field, the appearance of
area of enhanced conductivity leads to the charge accumu-
lation at its edges. Due to high plasma conductance in the
direction of magnetic field, this polarization charge should
escape from the ionosphere along the magnetic field lines,
which give rise to the outgoing Alfv́en wave. Also, such
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Fig. 9. Results of calculation of the polarization electric field in the ionosphere (arrows) and associated magnetic disturbance (highlighted
curves) on the ground. Sketches show four uttermost variants of orientation of the irregularity (gray ellipse) relatively background electric
field (open arrow), which my be realized under differentBz orientation and at different MLT.

a wave should be launched from the conjugate ionosphere
since SWPP stimulates precipitation in both hemispheres.
The bouncing of the waves between the Northern and South-
ern hemispheres produces on the ground the train of pulsa-
tions with period defined by the Alfv́en-wave transit time be-
tween the ionospheres.

Information about the period of pulsations is presented in
the Table 1, ninth column. Sometimes no pulsations were
detected or the amplitude of pulsations was very small, and
there were occasions when the oscillation occurred it two
modes simultaneously. The period of the modes is very close
to that, which was inferred from the recent measurements on-

board the Cluster satellites (Eriksson et al., 2006). Note that
oscillations with period 120–140 s fit our hypothesis on the
ionospheric origin of Psc 5 pulsations better than 60-s oscil-
lations, since the time of a few minutes seems to be closer to
the time of Alfvén wave propagation between high latitude
ionospheres (see for instance, Safargaleev et al., 2003).

The electric field of the outgoing Alfv́en wave is a com-
bination of the polarization electric fieldsE1 andE2 deter-
mined by Eqs. (1–2). In accordance with Eq. (2), the field
outside the irregularity decreases as 1/z2, wherez is complex
analogue of the distance from the irregularity. So, the Alfvén
oscillations will be observed in the area, which is restricted at
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Fig. 10. Model calculations for the event when the direct satellite
measurements of the electric field in the place where the irregularity
then appeared were available.(a) Images of electron auroras show-
ing the fragment of DMSP F15 trajectory used for definition of the
background electric field (top) and location of observatories and en-
hanced auroras (bottom);(b) variations of the electric components
in the direction along (red) and perpendicular (blue) the irregularity;
(c) spatial distribution of magnetic disturbance on the ground, green
areas correspond to positive variation and yellow area correspond to
negative one. Position of KIL indicated with red circle.

Fig. 11. Complex form of the SC-initiated magnetic disturbance.
1t is duration of preliminary impulse,t0 indicates the time of ar-
rival of the front of MHD-disturbance to the ionosphere,T is the
period of pulsations.

least in the meridional direction on the ground and radial di-
rection in space that is consistent with Tverskaya and Khoro-
sheva (1982) and Eriksson et al. (2006).

Figure 11 summarizes the discussion on the shape of pre-
liminary magnetic disturbance. It is suggested that the shape
is defined by three factors. The first one is the disturbance
of the ionospheric current system by the enhanced particle
precipitation. This yields the negative or positive impulse of
∼1 min duration (indicated as1t in Fig. 11). The second one
is the front of compressional disturbance, which reaches the
ionosphere∼1 min after the particles (timet0 in Fig. 11). The
third one is the Alfv́en oscillations triggered by the appear-
ance of local ionospheric irregularity. Period of pulsations is
a few minutes (denoted asT in Fig. 11).
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Fig. 12. Broadband enhancement of the ULF noise on meridional
array of induction magnetometers. Red line indicates the time of
SCA.

4.4 SC-initiated magnetic activity in the frequency
range 0.1–3 Hz

In accordance with Tepley and Wentworth (1962) and Sa-
fargaleev et al. (2002), approximately 20% of SWPPs are
accompanied with excitation of a narrowband burst (or se-
ries of bursts) of rising frequency like that shown in Fig. 2b

and Fig. 5 (bottom panel). One more known response to the
SWPP in this frequency range is an increase of amplitude
and carrier frequency of pre-existing Pc 1 pulsations of the
“pearls” type (e.g. Kangas et al., 1998). In this paper, we
emphasize the broadband enhancement of the ULF activity
that occurred simultaneously with positive bay in riometric
absorption and preliminary magnetic disturbance as a new
form of geomagnetic response to SWPP.

Figure 12 shows the SC-initiated broadband magnetic en-
hancement at the meridional array of induction magnetome-
ters. At first, the enhancement was observed at IVA. The mo-
ment is indicated with red vertical line. A few seconds later it
was detected at BAB and NUR located∼1100 km north and
∼900 km south of IVA, respectively. Satellite DMSP F14
flew above BAB at 09:59 UT (i.e. three minutes after ULF
broadband enhancement) and observed precipitation that are
typical for the boundary plasma sheet (DMSP data are not
presented here). This means that BAB, as well as IVA and
NUR, was on closed magnetic field lines. Hence, the lag
of signal both poleward and equatorward IVA might be con-
ditioned rather by the expansion of ULF-disturbance in the
ionospheric waveguide away from IVA than propagation of
its source in the magnetosphere in radial direction. The fig-
ure also shows that the magnetic enhancement at IVA co-
incides in time with enhancement in riometric absorption at
KIL, which is the earliest response to sudden magnetosphere
compression.

The above listed features of the broadband ULF enhance-
ment give an opportunity to use the meridional chain of in-
duction magnetometers for accurate timing of the impact of
solar wind irregularity to the magnetopause even if the ab-
sorption data are absent for some reasons. As an exam-
ple, we consider one more event (28 October 2000), which
was not presented in the Table 1 because of the noise in
IRIS data. Sudden compression was accompanied by in-
tensification of pre-existing Pc 1 “pearls”, broadband ULF-
enhancement and the burst of rising frequency (Fig. 13a),
as well as proton auroras (Fig. 13b). The auroral response
was mentioned earlier in the paper by Fuselier et al. (2004)
among other “transient dayside subauroral proton precipita-
tion” events produced by rapid changes in solar wind dy-
namic pressure. Broadband enhancement at 09:54 UT is faint
(see for comparison Fig. 12) but this allows us to identify
the burst of rising frequency and define the time of its onset
with higher accuracy than, for instance, for the event pre-
sented in Fig. 5. Enhancement begins almost simultaneously
with a negative preliminary impulse at KIL and intensifica-
tion of Pc 1 “pearls” at OUL. The burst is delayed by 100 s
(see Fig. 13c). Although the proton auroras appeared in IM-
AGE data at the same time as the burst (see Fig. 13b), we can
not claim that they started simultaneously because of the low
temporal resolution of IMAGE data.

No burst-like disturbances were seen both poleward and
equatorward of KIL (see Figs. 2 and 13c), which is consis-
tent with the assumption that the generation region of the
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Fig. 13. (a)General form of the response to SWPP in frequency band above 0.1 Hz;(b) SC-associated transient dayside subauroral proton
precipitation;(c) from top to bottom: broadband enhancement and rising burst at high latitudes, preliminary impulse at KIL and intensification
of pre-existing pulsations of the “pearls” type at low latitudes.

bursts is limited in radial direction in the magnetosphere (Sa-
fargaleev et al., 2002). Pulsations of Pc 1 band are commonly
accepted as the Alfv́en waves generated via the development
of electromagnetic ion-cyclotron (EMIC) instability. Proton
auroras are also associated with this instability since they
are produced by the particles scattered by the EMIC-waves.
Hence, we can suppose that the SC-stimulated protons au-
roras in Figs. 6 and 13b are ionospheric “projection” of the
generation region for rising bursts shown in Figs. 5 (bottom
panel) and 13c (upper panel).

The observed delay of the bursts relative to the absorption
enhancement may be conditioned by two factors. First, the
condition for development of EMIC instability, which is re-
sponsible for rising burst generation, may differ from that for
electromagnetic electron-cyclotron (EEC) instability causing
electron precipitation and increase of riometric absorption,
although both instabilities have the plasma anisotropy as a

mutual source of the free energy. Indeed, the growth rate for
EEC and EIC instabilities depends on many factors, which
makes difficult their comparative analysis.

Second factor is a difference in propagation time of the
electrons and EIC-waves from the generation region (equa-
torial plane of the magnetosphere) to the ionosphere. This
issue was discussed earlier by Safargaleev et al. (2003) and
is illustrated on the sketch in Fig. 14a. Magnetosphere com-
pression leads to the development of plasma anisotropy in the
equatorial plane (dark area), which, in turn, gives rise to both
EEC and EIC instabilities (top panel). The EEC-waves scat-
ter the electrons to the ionosphere (thin black arrow), due to
which the absorption and ionospheric conductivity enhance
and Alfvén impulse is launched to the magnetosphere (red
arrow on the middle panel). After the time interval corre-
sponding to the propagation time of the EIC wave (bold black
arrow) between equatorial plane and ionosphere, the wave is
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Fig. 14. (a)Sketch showing the reason of the lag of rising burst relatively SCA and generation and propagation of the Alfvén impulses (red
arrows);(b, c) magnetic pulsations at observatories located just below the ionospheric irregularity. Period of pulsations,TA , corresponds to
the propagation time of the Alfv́en impulse between conjugated ionospheres.

detected on the ground (bottom panel) as rising burst. As-
suming that the Alfv́en impulse and EIC-wave propagate at
the same velocity, we indicate on this panel also the Alfvén
impulse launched from the conjugate ionosphere. We do not
discuss here the proton precipitation since we can not per-
form correct timing of proton aurora enhancement for the
events considered.

Safargaleev et al. (2003) suggested the method for estima-
tion of the period for resonant (Alfv́en) oscillations assum-

ing the time lag of the rising burst to be close to the time
of the Alfvén wave half-hop between conjugate ionospheres.
Our observations support this suggestion. Indeed, during the
event on 28 October 2000, the proton auroras occurred at lat-
itudes of SOR (see Fig. 13b), and the time lag of about 2 min
inferred from the sonogram in Fig. 13c is close to the half
of period of oscillations at this station denoted in Fig. 14b as
TA . During the event on 18 March 2002, the proton auro-
ras occurred at latitudes of BJN (see Fig. 6a), and the time
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lag of about 3 min (see Fig. 5) is close to the half-period of
oscillations at this station (see Fig. 14c). In our reasoning
we neglected the propagation time of the Alfvén wave in the
ionospheric waveguide from the place of the incidence in the
ionosphere to the observational point. In accordance to esti-
mations by Safargaleev et al. (2004), this time is of the order
of the temporal resolution of riometric and IMAGE magnetic
data.

The present method gives the observed value of the propa-
gation time of the Alfv́en wave along the magnetic field lines
instead of commonly used theoretical estimations or the re-
sults of in-situ measurements but in the direction perpendic-
ular to the magnetic field (e.g. Wilken et al., 1998). The
result obtained may be of a practical importance. At auro-
ral latitudes it may be taken into account in the heating ex-
periments aimed at artificial excitation of the magnetosphere
eigen-mode oscillations. At higher latitudes the time lag may
be regarded as the response time of the dayside polar iono-
sphere to the magnetopause processes because the informa-
tion about these processes is transferred by Alfvén waves.
One can estimate also an averaged Alfvén wave velocity
along the magnetic field lines and use this to specify some
theoretical models (for instance, the models of Pc 1 “pearls”
pulsations by Trakhtengerts et al., 2000; preliminary impulse
of SC by Tamao, 1964; etc).

5 Summary

We have examined several cases of magnetosphere compres-
sion by solar wind pressure pulses using a set of instruments
in the around-noon sector. We have found that the increase
in the riometric absorption occurred simultaneously with the
beginning of positive or negative magnetic variation in auro-
ral zone and broadband enhancement of magnetic activity in
the frequency range above 0.1 Hz. Herewith, the magnetic
variations were observed prior to the step-like increase in
the magnetic H-component at equatorial stations, so that the
negative magnetic variation resembled a typical preliminary
impulse of SC. The sign of the disturbance demonstrated an
anti-correlation with the sign of IMFBz-component.

For some of the considered events, the IMAGE satellite
data on electron auroras were available and showed the pre-
cipitation of auroral electrons together with electrons caus-
ing an increase in riometric absorption. Precipitations in a
wide energy range could lead to the local enhancement of
ionospheric conductivity and reconfiguration of the current
system.

Using the simple model of ionospheric irregularity, we
have calculated the polarization electric field outside the ir-
regularity and corresponding magnetic disturbance on the
ground. The calculations show that the sign of disturbance
depends on orientation of the background electric field and
location of the observation point in respect to the irregularity.
Note, that both factors may be regulated by the conditions in

the interplanetary medium, in general, and by the sign of IMF
Bz-component, in particular. For one case of direct measure-
ments of electric field in the place where the electron auroras
(i.e. ionospheric irregularity) were present, the sign of calcu-
lated disturbance corresponded to the observed one.

Since the velocity of precipitating electrons is much larger
than that for the MHD-disturbance causing the step-like mag-
netic enhancement on the equatorial stations, we suggest the
ionospheric irregularity as a source of the preliminary im-
pulse of SC at high latitudes.

The ionospheric irregularity could be also a source of
the Alfvén-like pulsations following the SC. In such “iono-
spheric” approach, the period of pulsations is defined by the
propagation time of the Alfv́en wave between the conjugate
hemispheres. Using the method of estimation of propaga-
tion time suggested earlier by Safargaleev et al. (2003) we
have found the pulsations of an appropriate period in our
data. However, the ionospheric mechanism does not explain
the SC-initiated pulsations with smaller period, which were
also observed in the course of our investigation, as well as
reported by other authors (e.g. Eriksson et al., 2006).

When the absorption measurements are performed with
high temporal resolution, they may be used for the accurate
timing of the impact of solar wind irregularity to the mag-
netopause. We have found that the absorption started to in-
crease simultaneously with the enhancement of the broad-
band magnetic disturbance. So, the additional instrument,
which might be used for the timing purposes, is the merid-
ional chain of the induction magnetometers.

We have also found that SC-associated broadband bursts
of rising frequency in the band of Pc 1 magnetic pulsations
correlated with the enhancements of proton auroras. This in-
dicates that the EIC instability should lead both to the burst
generation and proton scattering. However, for detail study
of this phenomenon the data on proton precipitations are
needed of better temporal resolution than the 2-min images
taken from the IMAGE satellite.

It is known that precipitations in the dayside respond to
both SWPP and IMF change. In our study we emphasized
the disturbances that occurred on the ground during 1–3 min
after the solar wind irregularity hits the magnetopause. In
accordance with Kozlovsky et al. (2007), IMF affects the
auroras 6–20 min after SI. Hence, the preliminary impulse,
broadband increase of magnetic disturbances above 0.1 Hz,
as well as sudden commencement absorption and aurora en-
hancement may be associated with sudden magnetosphere
compression rather than with IMF variations accompanying
almost all SWPP events considered.
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