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Abstract. Global ultraviolet auroral images from the IM- discussed as possible generation mechanisms for the dayside
AGE satellite were used to investigate the dynamics of theauroral forms launched by the SI.

dayside aur_oral oval responding to suc_jden impulse (SI) irkey words. Magnetospheric physics (Auroral phenomena;
the solar wind pressure. At the same time, .the v aII'SkySoIar wind-magnetosphere interactions; Electric fields)
camera and the EISCAT radar on Svalbard (in the pre-noon

sector) allowed for detailed investigation of the auroral forms
and the ionospheric plasma flow. After the SI, new discrete )
auroral forms appeared in the poleward part of the auroraft Introduction

oval so that the middle of the dayside oval moved polewardR f the Earth’ tosoh . h t
from about 70 to about 73 of the AACGM latitude. This esponse of he tarth S magnetosphere-lonosphere system

poleward shift first occurred in the 15 MLT sector, then sim- to sudden changes in the solar wind dynamic pressure (SWP)

ilar shifts were observed in the MLT sectors located moreQZiak;Zin X:glers.'gtgfntsﬁe'n\rlgsag?é'ggegvgatr;zt:)a;ta;ivg;?;
westerly, and eventually the shift was seen in the 6 MLT ' ysl grou 9

sector. Thus, the auroral disturbance “propagated” Westwargllowed us to generally understand the electric field and cur-
(from 15 ML"I' to 6 MLT) at an apparent speed of the order rents associated with the SWP changes (Sibeck, 1990; Araki,
of 7 km/s. This motion of the middle of the auroral oval was 1994). This has been achieved due to advantages of the mag-

caused by the redistribution of the luminosity within the oval netometers, such_as their glokfal covera_ge_and capability to
and was not associated with the corresponding motion of thgontmuo_usly_ monitor the Earth_s magnetic field. .
poleward boundary of the oval. The Sl was followed by an The_ situation is less clear Wlt_h respect to the optical au-
increase in the northward plasma convection velocity. Indi-°r2 signatures of the SWP variations. Much fewer papers

vidual auroral forms showed poleward progressions with ve—??x?nbien pil:bgs;etd mcgzls ar(re]a t;)ece:\tljsihof ﬂ'ﬁ'cﬂt'es Irr] C;b i
locities close to the velocity of the northward plasma convec- a %dienqut ev r? fil. N e} fﬁ 0 IS(raw?nd € raﬁ teraufro r?]S’
tion. The observations indicate firstly a pressure disturbancieSpo g to variations ot the so'a parameters, fro

; : he ground, but this is only possible at very high-latitude re-
ropagation through the magnetosphere at a velocity of the . . . .
grdzr gf 200km/s \?vhich is esgsentialrljy slower than theyveloc—g'onS during a short dark-sky period af the polar winter. Such

ity of the fast Alfven (magnetosonic) wave, and secondly aobservatlons were performed at Svalbard (magnetic latitudes

potential (curl-free) electric field generation behind the front of 70°~76°) by Vorobyev (1977) and Sandholt et al. (1994),

of the propagating disturbance, causing the motion of the au\—Nho reported that enhancements of the solar wind dynamic

roras. We suggest a physical explanation for the slow proppressure can lead to equatorward shifts in the cusp/cleft au-

agation of the disturbance through the magnetosphere anlr ra. O'f]te (_:anl rgpnlt;)hr tf(]je glpdbal d|str|butéon OT theihauro:all
a model for the electric field generation. Predictions of the uminosity, inciuding the dayside auroras, by using the satel-

model are supported by the global convection maps produce e ultraviolet m:gge;zo(ﬁw), tthlthh thesle ngasurements
by the SuperDARN HF radars. Finally, the interchange in- ave worse spatiah{ m) and temporalx2 min) reso-

stability and the eigenmode toroidal At oscillations are Iut_lons. Using the ultraviolet imager on the Polar spacecratft,
Brittnacher et al. (2000) observed that a pressure pulse can

cause the equatorward shift of the low-latitude boundary of
Correspondence toA. Kozlovsky the dayside aurora, in agreement with earlier ground-based
(alexander.kozlovsky@oulu.fi) observations.
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Solar wind pressure disturbance on 7 Dec 2000 not transmitted along the magnetic field lines from the mag-
’ : netosphere to the ionosphere, contrary to a potential (curl-
free) electric field. This means that the induced electric field
. . <V, =410kmis changes the shape of the magnetic flux tubes, but does not
10005, cause a noticeable drift motion of the ionospheric footprints
> AN of the tubes. In other words, such a motion of the magneto-
\\+\\ACE spheric plasma is not mapped into the ionosphere.

However, one can expect at least two other types of au-
N Y 9 roral motions that follow SWP changes. Firstly, there can
0730 0727 0843 0624 be a shift in the location of the boundary between the open
and closed magnetic field tubes (OCB). One can relate such
%0 0 100 200 300 400 a shift to a change in the rate of reconnection (i.e. erosion of
Xosw Re = Sun the magnetic field lines). In this case, motion of the auroral
oval poleward boundary is not related to plasma convection.
Fig. 1. Orientation of the solar wind dynamic pressure front (daShedSecondly motion of the auroras can be caused by the po-
lines) in the XY plane as o_bserved by the WIND and ACE space-yo yiia) electric field generated in the magnetosphere by the
crafts. The disturbance arrived at the bow shock near the 15 MLTSOIar wind pressure impact. Contrary to the induced electric
sector. . . P . pact. . y o
field discussed earlier, the potential (curl-free) electric field

is caused by an electric charge separation and can be trans-

Significant changes in the auroral oval location, its sizemitted along the highly-conducting magnetic field lines from
and its intensity in response to solar wind pressure variathe magnetosphere to the ionosphere. In this case, motion
tions were demonstrated by Boudouridis et al. (2003), whoof individual auroral forms would correspond to motion of
studied particle precipitation data from the Defense Mete-the magnetic flux tubes drifting with the convection veloc-
orological Satellite Program (DMSP) low-altitude satellites. ity. Both effects (OCB change and plasma convection) can
Most prominent observed features were an increase in thé€ad to motion of the auroras, however, in both cases one
auroral zone luminosity band and a decrease in the polar cayyould need additional arguments to identify the cause of this
size after the solar wind dynamic pressure increase, under th@otion, the reconnection rate change or the generation of po-
Steady southward IMF conditions. tential electric fleld, reSpeCtiver.

Explanation of the motion of auroras during SWP changes In the present study we investigate how the dayside mo-
is not obvious in the frame of the basic concepts of the so-ion of auroras associated with the SWP changes is related to
lar wind-magnetosphere interaction. It is well known that plasma convection. To achieve this, we use global (satellite
when highly-conducting plasma of the solar wind encoun-UVI) and local (TV camera on the ground) auroral observa-
ters the Earth’s magnetic field, the Lorenz’s force deflectstions in conjunction with radar measurements of the iono-
the ions and electrons in opposite directions. As a resultspheric plasma flows. We also discuss the physics behind the
a large-scale duskward Chapman-Ferraro (DCF) current desbservations.
velops on the dayside magnetopause, and this current cancels
the Earth’s dipole magnetic field outside the magnetosphere.
At the same time, the magnetic field is increased inside th
magnetosphere, so one can say the solar wind compresses
the magnetosphere. The magnitude of the compression field
(Bcr) is related to the intensity of the DCF curreny&Ar);
the larger the solar wind pressure (and, henkgr), the
larger theBcp. Thus, changes in the solar wind pressure
produce corresponding changes in the magnetospheric ma
netic field. The latter results in the setting up of an in-
duced (i.e. divergence-fre&,- E=0) electric field described
by Faraday'’s law,
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Event of 7 December 2000: Solar wind and IMF con-
ditions

In this paper we study in detail one event, 7 December 2000,
between 07:00 and 08:00 UT. Conditions in the solar wind
ind the IMF were monitored by the Advanced Composi-
ilon Explorer (ACE) and Wind spacecrafts located at [X, Y,
Z]GSM:[ZZS, 37,—17] Rg and [X, Y, Z]GSM:[37y 170,—46]
RE , respectively, see their positions in the X-Y plane on
Fig. 1. ACE observed a sudden impulse (SI) in the solar
V x Eing = —3BcF /1. (1) wind dynamic pressure with an increase from 3 to 7 nPa at
06:24 UT. Wind detected this disturbance about 20 min later,
This electric field forces the magnetospheric plasma to movet 06:43 UT. For an average solar wind speed of 410 km/s,

with a velocity of the electric drift, one can interpret this time difference as a result of‘atit®f
the Sl front (dashed lines in Fig. 1) with respect to the Earth-
V psw = Eind X B/BZ. (2) Sun line (in the X-Y plane). Such a tilt means that the Sl hit

the magnetosphere in the post-noon sector at about 15 MLT.
This motion is directed toward the Earth for the increasing The estimated time for the Sl arrival to the bow shock (as-
solar wind pressure. Importantly, the induced electric field issuming the bow shock (BS) at 14.¢Rwas 07:27 UT.
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This value agrees well with the magnetic field increase ob- Solar wind parameters at the bow shock (14.6 R_)
served at 07:32 UT at the low-latitude magnetic observatory el ofintereet o,
Bangui (BNG, 4,4N, 18.6 E). The 5-min time difference 8’
(07:27 UT versus 07:32 UT) can be attributed to the distur- F
bance propagation time through the magnetosheath.

Figure 2 presents the solar wind dynamic pressure and the 2
interplanetary magnetic field (IMF), measured by the ACE © 2
and Wind spacecrafts. The data are time-shifted by 63 and 630 640 650 7:00 7:10 720 7:30 740 7550 800 810 820 830
44 min, respectively, to account for propagation from the ' T e T
spacecrafts to the BS. The vertical dashed line indicates the
time of the pressure front arrival to the BS. The middle panel
shows the north (X) component of the magnetic field mea-
sured at Bangui, and the start time for the magnetic distur-
bance is indicated by the vertical dotted line.

In the following discussion, we focus on the time interval
from 07:20 UT to 08:00 UT, for which the magnetosphere
was responding to the Sl. During this interval, the far ultravi-
olet (FUV) imaging system on the Imager for Magnetopause-
to-Aurora Global Exploration (IMAGE) satellite (Mende et
al., 2000a) observed the entire auroral oval in the North-
ern Hemisphere. We used the Wideband Imaging Camerz= -
(WIC) (Mende et al., 2000b) data obtained every 2min with
10-s image exposure. As an example, Fig. 3 presents twc 3
global WIC images taken before (07:23 UT, panel A) and af- ; )
ter (07:42 UT, panel B) the SWP jump; these moments are = A T R I R A .
indicated by Corresponding |etterS in Flg 2, mlddle panel. 6:30 6:40 6:50 7:00 7:10 7:20 7[_:1:-5|-0 7:40 7:50 8:00 8:10 8:20 8:30
The images are given in the Altitude Adjusted Corrected
Geomagnetic (AACGM) coordinate system (for which any Fig. 2. Solar wind and IMF parameters time shifted to account for
two points connected by a magnetic field line have the samehe propagation delay from the satellites to the bow shock. Vertical
AACGM coordinates). The red circle in the pre-noon sectordashed and dotted lines indicate the moments of the pulse arrival at
shows the field-of-view of the TV all-sky camera (ASC) at the bow shock and the detection of its response at the low-latitude
Barentsburg (BAB, 782N, 14.2 E) on Svalbard while the magnetic observatory Bangui, respectively. Letters A and B denote
red triangle indicates the position of the European Incoher-th’? moments for which global auroral images will be considered
ent Scatter radar on Svalbard (ESR, 78216.7°E). The  (Fig-3).
red line indicates the radar beam orientation. To investigate

the motion of the dayside au_roral oval responding to the S"HereRA is the AACGM co-latitude (i.e. a distance from the
we used a sequence of WIC images taken between 07:20 Ufaomagnetic pole) of the middle of the auroral oval. Coeffi-

T T T T

(=)

ressure, nPa

4+

X magn. BNG
N
o
e §
=

IMF Bx, nT

MF By, nT

and 08:00 UT. cientsa, were calculated by minimizing the following inte-
gral:

3 Auroral oval dynamics / (Ra (ML) — R)? %

To analyze quantitatively the motion of the auroral oval on I(R. M T

the global UV images, one needs to characterize its Iocation{é (_f I LIT) —lo), 11> 1o dRdM_r. (4)

quantitatively. On the WIC images, the typical UV intensity M <1o

in the polar cap is 170-190 R (Rayleigh), and this intensityHere R and M  are the co-latitude and local time of a pixel
can be considered as the noise level. Atthe poleward boundn the WIC frame, and is the UV intensity in this pixel. The
ary of the auroral oval, the intensity sharply increases abovehreshold intensityly (selected as 260 R in this study) was
200 R. Within the auroral oval, the UV intensity typically ex- used for rejecting the background low-intensity pixels both
ceeds 250R. In this study, we consider two parameters opoleward and equatorward of the auroral oval. The integra-
the oval, the location of its middle part and the location of its tion was performed over an area poleward of BACGM
poleward boundary. The position of the middle of the auroral|atitude, excluding the sunlight region near noon. Minimiza-
oval was represented by a line given as a harmonic functionjon of integral @) means that, at each local time, integrated

of magnetic local time\ .7 UV power values poleward and equatorward of the middle

3 line are equal. Examples of the middle of the auroral oval lo-

Ry = Z <a,§‘ cos<2nkMLT> + a; sin <2nkMLT)> . @) cation determi!’led.by the above method are shown by white
= 24 24 closed curves in Fig. 3 for the entire oval.
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Fig. 3. Global UV images from the IMAGE satellite taken before (A) and after (B) the sudden impulse arrival. White lines indicate the
center and the poleward boundaries of the auroral oval (determined with an algorithm described in the text). Red circle shows the field of
view of the Barentsburg TV camera, and red line shows the incoherent scatter radar beam position. The images are given in the AACGM
coordinates.

To characterize the poleward boundary (PB) of the oval,sector and discovered a systematic latitudinal offset between
we considered a contour line corresponding to a certainJVI and DMSP of approximately°l An additional system-
brightness threshold; a similar method for the PB identifica-atic error may occur because of the arbitrariness in the se-
tion was earlier used by Britthacher et al. (1999) and Bakedection of the intensity threshold. However, in this study we
et al. (2000). From the WIC images, we estimated that thefocus on the motion of the auroral oval so that the systematic
mean intensity in the polar cap was 170 R, and the maximunerrors are not as important. The poleward boundaries of the
intensity in the polar cap was 190 R, which should be at-auroral oval are shown as second white lines in the dayside
tributed to random noise. The threshold should be as close asector (6—18 MLT) of Fig. 3.

possible to the mean PC intensity (170R). On the other hand, atter the positions of the middle and poleward boundary
it should slightly exceed the maximum noise level (190 R). of the oval were determined for each WIC frame, the lati-
The value of 200 R is close to this optimum value. Thus, wey,des were presented by a color diagram in coordinates of
introduced the PB as a contour line corresponding to the UM\ILT time UT time (Fig. 4). We indicate in Fig. 4 the time
intensity of 200 R. Experimental points on the PB location for the S| occurrence in the same way as in Fig. 2, i.e. dashed
were approximated by a smooth line, in a form similar 10 |ines show the time of the Sl arrival to the BS and dotted lines
Eaq. @): show the start time for the low-latitude magnetic disturbance
3 on the ground. Black arrows at 15 MLT indicate that the S

Rpp = Z (bi cos(ﬁﬂﬁ) + b} sin (2,11(”?;),) (5)  hitthe magnetosphere in this MLT sector.

k=0 The clearest feature seen in the top panel in Fig. 4 is that
Coefficientsh, were calculated for each image by using the after the Si, the middle part of the dayside auroral oval moved
least-square method. The poleward boundary has been d@oleward from about 70to about 73 AACGM latitude.
termined only on the dayside. This is because on the night1his poleward motion was first seen in the 15 MLT sector
side such a determination would be ambiguous in the presat about 07:32 UT, later |t. OCCUr.rEd in the more WeSterIy lo-
ence of the double oval and we are not considering the nightc@ted MLT sectors, and finally, it reached the 6 MLT sector
side phenomena in the present study. The latitudinal posi&t 07:45 UT. Thus, the auroral motion was propagating west-
tion of the 200-R contour line was determined with an av- ward, from the 15 MLT sector to the 6 MLT sector at a veloc-

the uncertainty was up to P)) which is of the same order Motion eastward of the 15 MLT sector and on the nightside.

as the spatial resolution of WIC (59 km in our case). One!n the rest of the paper we will mainly pay attention to this

should emphasize that the contour line of the UV intensityMmotion of the middle of the auroral oval.

(referred to as the PB) may not coincide with the magneto- Some other features may also be seen in Fig. 4. At
spheric open-closed boundary (or with a boundary of particle07:32 UT the entire oval in the 15-07 MLT sector has been
precipitation region). Indeed, Baker et al. (2000) comparedshifted poleward. In the next frame, at 07:34 UT it moved

the boundaries from Polar UVI images with the precipitation back equatorward, and then at 07:36 UT, it again moved
boundaries from DMSP satellite spectrograms in the eveningoleward. Such motion may indicate a fast (within 2—4 min)
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Middle auroral oval, deg of AACGM lat. 76 IMAGE WIC: UV intensity in 10-12 MLT sector

9_
. 72
§ 12 -

! ; = — -_,_r-_q
7:20 7:30 e

Poleward boundary of the auroral oval deg. of AACGM lat.

AACGM Latitude

78

76

74

7:20 7:30 7L.J4To 7:50 8:00 Dayglow
7:20 7:30 7:40 7:50 8:00
Fig. 4. Locations of the auroral oval middle part and the auro- ut
ral oval poleward boundary in various MLT sectors as a function of '
universal time. White vertical dashed and dotted lines indicate mo- - -
ments of the pressure pulse arrival at the bow shock and its detection 300
at the low-latitude magnetic observatory Bangui, respectively. After Intensny scale, R

the SI, the middle part of the auroral oval was progressing poleward
(top panel). Motion of the poleward boundary of the auroral oval Fig. 5. A “keogram” made from the UV images at about 11 MLT (at
(bottom panel) is less prominent. the meridian of Svalbard). White vertical dashed and dotted lines
indicate the moments of the pressure pulse arrival at the bow shock
and its detection at the low-latitude magnetic observatory Bangui,
magnetospheric response to the Sl. Below we will discussespectively. Black lines indicate the position of the middle and
this effect, however, the 2-min repetition time of the WIC poleward boundaries of the auroral oval. Horizontal white lines at
images makes it difficult to investigate it in detail. 71° and 77.8 of the AACGM latitude indicate the range of latitudes
The bottom panel in Fig. 4 shows positions of the polewardat which the ground-based optical observations were made by a TV
boundary of the auroral oval. The motion is less prominent@/-Sky camera at Barentsburg (Svalbard).
than the motion of the middle of the auroral oval. In particu-
lar, at 07:32—07:45 UT we cannot infer a clear poleward mo-
tion similar to the motion of the middle of the auroral oval. ward (about 2.5nT) to near-zero (in the ACE data) or even
One can see that in the whole 615 MLT sector, the latitudesomewhat southward orientation (consider the WIND data,
of the poleward boundary increases simultaneously betweefrig. 2). At the time of the SI occurrence, the IME: Bas
07:26 UT and 07:35 UT. To describe this shift quantitatively, returning back to the northward orientation, and this return
we calculated the differences between the PB latitudes becoincided with the poleward motion of the dayside PB, start-
fore the Sl (averaged over 2 images at 07:23-07:26 UT) andng from 07:26 UT. This feature is well seen in Fig. 5, where
after the Sl (averaged over 2 images at 07:35-07:38 UT) fotthe latitude of the PB in the 10-12 MLT sector is shown ver-
all sectors between 06 and 15 MLT. The poleward latitudi- Sus UT (in next section this figure will be discussed in more
nal shift in various MLT sectors was between 1.1 and 1.8 degdetail). In Fig. 5, the PB was at78> AACGM latitude dur-
with 1.5+0.2°, on average. This shift might be caused by the ing the observations, except for an equatorward excursion be-
Sl, consistent with Boudouridis et al. (2003), who observedtween 07:25 and 07:35 UT. This excursion corresponded well
the most prominent decrease in the polar cap size when tht® the IMF B; southward excursion at the bow shock between
solar wind pressure increased under the southward IMF con07:20-07:30 UT (see WIND data in Fig. 2). Since the IMF
ditions, whereas the smaller response was seen for the IMIB; controls the size of the open polar cap (e.g. Holzworth and
B. near zero. The later observations correspond to our caseMeng, 1984), one can conclude that the short equatorward
We should note that some motions of the dayside PB caréxcursion of the PB at 07:25-07:35 UT was most probably
be caused by the IMF variations. At 07:24-07:26 UT (just caused by the IMF Bvariation.
before the Sl arrival to the bow shock) the PB has been shift- Because the IMF was changing, both the IMF variations
ing equatorward, by-2—-3 overall. This motion coincideds and the solar wind pressure increase might contribute to the
well with the short-time IMF B excursion from the north-  poleward motion of the PB at 07:26—07:35 UT. Based on our
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Velocity scale, ms, + toward the radar: significant changes in the position of the poleward boundary
of the auroral oval.
Horizontal white lines at 7land 77.83 AACGM latitude

£ in Fig. 5 indicate a latitudinal region in which the ground-
soofg based optical observations were performed with the ASC
(Barentsburg). At the bottom of Fig. 6 we present a keogram
obtained from the ASC frames at 5-s resolution. The lumi-
nosity height was assumed to be 150 km; this value corre-
sponds to the typical altitude of the lower edge of luminosity
for near-noon rayed auroras (Starkov, 1968; Jack and Hal-
linan, 1994). The keogram was prepared for the direction
along the ESR beam, i.e. at24° (northwest) from the ge-
ographic meridian; this direction is almost perpendicular to
, the local L-shells and the auroral oval. Figure 6 uses the
A same format (UT — AACGM latitude) as Fig. 5, so that one
can easily compare the auroral observations made by the IM-

Fig. 6. A keogram from the Barentsburg TV observations (for the AGE satellite (in the 71-77°5ange indicated by the white .
same meridian as the UVI data of Fig. 5) and the incoherent scat!iN€S) and the ASC on the ground (the keogram). There is
ter radar l-o-s velocity observed poleward of the TV camera field fairly good agreement in the auroral distributions observed
of view. White vertical dashed and dotted lines indicate the mo-by the instruments; this result validates the mapping of the
ments of the pulse arrival to the bow shock and its detection at the/VIC data.
low-latitude magnetic observatory Bangui, respectively. Black lines  The keogram in Fig. 6 shows that, after the SI, new pole-
indicate the position of the middle part and the poleward boundariesyard moving auroral forms develop at AACGM latitudes of
of the auroral oval. Numbers 1-9 and letter “a” label individual au- 74-76, the most poleward part of the auroral oval, close to
roral forms. the polar cap boundary. Because of the occurrence of the new
luminosity region, the middle of the auroral oval appears to
be shifting poleward. Thus, the observed poleward motion of
the middle of the auroral oval was associated with changes
in the auroral distribution within the auroral oval rather than
changes in the poleward boundary of the oval.

The new discrete auroral forms were rayed auroral arcs.

-1000 -500 0 500 1000

ESR: l-0-s ion velocity

Barentsburg ASC
Zenith angle, deg.

data we cannot to conclude on the main reason for this mo
tion. However, it is remarkable that the PB equatorward ex-
cursion was earlier than the prominent poleward motion of
the middle of the auroral oval at 07:35-07:45 UT. The obvi-
ous conclusion that can be drawn is that this motion of they . \bars 1-9 on the keogram indicate nine individual auro-

middie of th? auroral oval was not relz_;\ted to _var|at|ons. Of_ral forms whose velocities can be reliably inferred from the
the.PB location and,. hgnce, was associated with the re(.j'smkeogram. There were other auroral forms showing poleward
b_utlon O.f auroras within the auroral_ oval. In th? following propagation, however they were short-lived or (and) lacked
discussion we will focus on the motion of the middle of the a well-defined low edge, making the velocity determination
auroral oval at 07:35-07:45 UT. difficult. In the following, we will compare the velocities of
the nine selected auroral forms with the ionospheric plasma
drift velocity measured by the ESR radar. The ESR radar
4 Detailed observations near noon observed plasma flows at F region heights (between 200 and
500 km, antenna elevation angle to the horizon wey a0
In this section we compare the satellite data presented abouatitudes of 77.5-82 just poleward of the keogram region.
with the ground-based observations made by the ASC andthe measured I-o-s velocity at various ACCGM latitudes is
ESR on Svalbard near the local noon (around 11 MLT, seeresented as a function of time on the top panel of Fig. 6. The
Fig. 3). Details about the optical (ASC BAB) and radar radar was looking along the azimuth e24°, which is the
(ESR) operations were given by Kozlovsky et al. (2003), whokeogram line, so that the ionospheric plasma velocity com-
considered the auroral response to the IMFeBange earlier  ponent along this direction can be derived accurately. Under
on 7 December 2000. the assumption of zero field-aligned ion velocity, we calcu-
Figure 5, based on the sequence of WIC auroral imagedated the average plasma drift velocity over the height range
shows the UV luminosity in the 10-12 MLT sector (averaged of 200—300 km. This height range corresponds to the 78-79
over longitude) as a function of time and latitude (AACGM). latitudinal region that is poleward of the observed auroras
For comparison, black lines show positions of the middle ofby 3—#. Since the drift velocity measured at some distance
the auroral oval and the PB at 11 MLT, as they were derivedfrom the discrete auroral forms is usually not strongly af-
in Sect. 3. The diagram clearly demonstrates a brightnesgected by small-scale changes associated with auroral rays,
increase and a poleward motion of the auroral oval followingone may consider the measured velocities as representing
the SI. At 07:36-07:44 UT the middle of the auroral oval large-scale plasma convection in the region of optical obser-
moved from 70.5 to 73>. Over this period there were no vations.
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In Fig. 7, solid lines present the plasma drift velocity.
Dashed lines show the range of the velocity error in mea- 1000
surements; this value includes the measurement errors and
the uncertainty due to an unknown field-aligned component.
Figure 7 demonstrates that the Sl was followed by an in-
crease in the northward plasma drift velocity from 0—100 m/s
to 400-700m/s. The peak value of 700 m/s was observed
about 10 min after the low-latitude magnetic disturbance was
detected.

Gray rectangles with numbers in Fig. 7 represent the ve-
locities (with errors) of corresponding auroras indicated in -400
Fig. 6. These auroras were moving northward along the ESR 700 710 720 730 740 750 800
beam (i.e. across the L-shell) with velocities that were close l

to the ionospheric plasma drift velocity in the same direc- Fig. 7. Velocities of the poleward progression of the auroral forms

tion. From the presented information, two quite different 4 the plasma drift measured by the ESR radar between 07:00 UT
conclusions could be made. The first one is that the auroang 08:00 UT. Vertical dashed and dotted lines indicate the times

ral forms were stretched along the L-shell direction (or notof the pulse arrival at the bow shock and its detection at the low-
moving along the L-shells) and drifted northward with the latitude magnetic observatory Bangui, respectively. Gray rectangles
ambient plasma. The second possible conclusion is that theith numbers show the velocity and its error bar for the auroras
auroral forms were oriented at some angle to the L-shellgndicated in Fig. 6.

and had apparent north-south velocities due to actual motion

in the east-west direction; however, the north-south veloci-

ties of all nine arcs were accidentally close to the velocity of 5.1 Magnetospheric propagation of the SI disturbance

the plasma drift in the same direction. Obviously, the first

statement is much more likely to be correct than the secondrirst, we would like to note that the westward velocity of
one. Indeed, it has long been known that auroral arcs tend to-7 km/s in the ionosphere corresponds~200 km/s in the
orient along the L-shells. Thus, we have concluded that thevicinity of the magnetopause (at 1@R This is a typical
auroras were moving northward with velocities close to thevalue for the plasma flows observed in the magnetosheath
ionospheric plasma drift velocity in the same direction. This (Phan et al., 1994). One can suggest that the motion of the
conclusion would have been proved to be better substantiauroral oval was caused by the solar wind pressure distur-
ated if one determined the orientation of the auroras from thddance propagating along the magnetopause away from the
ASC frames. However, it was very difficult to determine the 15 MLT sector. Each point at the magnetopause, to which

orientation of the rayed arcs, since they were observed closie disturbance arrives, becomes a source of spherical mag-
to the zenith of the ASC. netosonic (fast Alféen mode) waves. These waves propa-

gate in the magnetosphere at a typical speed of the order of
1000 km/s (Alfen speed), with amplitudes decreasing as an
inverse square distance from the sources. At each point, a
5 Interpretation and discussion resultant perturbation of the magnetospheric magnetic field
is a superposition of all waves reaching this point by the time
Our observations of the solar wind pressure effects can bef interest. For each moment, one can indicate a boundary
summarized as follows. A solar wind pressure increaseseparating the part of the magnetosphere where the mag-
causes brightening of the dayside auroral oval, and enhancenetic field has already increased significantly from the rest
ment of the poleward plasma flow in the dayside ionosphereof the magnetosphere where the change has not yet become
New discrete auroral forms appear at the poleward part of théarge. This boundary, referred to below as the Sl pressure
auroral oval so that the middle of the dayside oval appears tdront, propagates anti-sunward from the magnetopause, at
be shifting poleward from about 7@ about 73 of AACGM the velocity of the same order as the magnetosheath plasma
latitude. The shift occurs first in the local time sector of the flow, i.e. about 200 km/s. We stress the difference between
pressure pulse hit of the magnetosphere (15 MLT) and therhe front of a magnetosonic wave (propagating at the &ifv
similar motions are seen in later MLT sectors, so that the dissspeed) and the slower Sl pressure front (which is formed by
turbance “propagates” to the west with a velocitysafkm/s  the sum of many magnetosonic waves). Such slow propaga-
at the ionospheric level. This poleward motion of the middle tion of the front is consistent with observations by Zhou and
of the auroral oval was caused by a redistribution of lumi- Tsurutani (1999), who reported the Sl-caused intensification
nosity within the auroral oval and was not associated withof dayside high-latitude auroras which propagated both west
motion of the poleward boundary of the auroral oval. The and east with a speed of 6 to 11 km/s. This is close to what
new individual auroral forms move poleward with the veloc- we found in this study. The fast Alén wave may also pro-
ity of the ionospheric plasma convection. Below we proposeduce auroral intensification; this effect will be discussed later
a qualitative model that explains this sequence of events. in Sect. 5.3.
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a) Magnetic field strength
b) Plasma sheet

c) Electric fields and currents

Fig. 8. Sketches showing propagation of the pressure disturbance in the equatorial plane of the magnetosphere and generation of the eastwal
electric field. Thick gray line represents the pressure front approaching the Earth in the 15 MLT (sg@dibe pulse-related magnetic field

intensity distribution. Behind the pressure front, the magnetic field is increased so that the contours of constant magnetic field (blue lines)
shift away from the Earth, from the positions indicated by dashed lines to the new positions shown by soli@)iBéstribution of the hot
magnetospheric plasma density. The plasma, together with the magnetic flux tubes, moves toward the Earth in the equatorial plane becaus
of the induced electric field. This results in the magnetospheric plasma boundaries’ (e.g. indicated by black contour lines) motion toward the
Earth, from the positions indicated by dashed lines to the new positions shown by soliddin€se magnetic field intensity contours and

the plasma boundaries move in the opposite directions. As the contours move, the angle between the plasma boundaries (black contours
and theB=const lines (blue contours) changes. In those parts of the space whe®@=thenst contours cross the plasma boundaries,
polarization electric charges, electric fields, and field-aligned currents are generated with the directions as indicated on the diagram.

In some way, the compressing S| generates a potentiasector. Contour lines in Fig. 8a show a typical strength of
(i.e. curl-free, Vx E=0) eastward electric field behind the the magnetic field. Behind the pressure front, the magnetic
front. Contrary to the induced westward electric field B, (  field is increased. Hence, the contours of constant magnetic
the potential electric field is transmitted along magnetic fieldfield (B=const contours) move away from the Earth, from
lines from the magnetosphere to the ionosphere. This electrithe positions indicated by the dashed lines, to the new posi-
field drives theE x B drift of the magnetic flux tubes within  tions shown by the solid lines. Note that this motion of the
the auroral oval, and this drift is also observed as the pole<ontour lines is not the motion of the magnetic flux tubes. On
ward motion of the auroral forms. In the following section, the contrary, the magnetic flux tubes (i.e. the magnetospheric

we consider the generation of the electric field. plasma) being driven by the induced electric field EL), (
. _ _ move toward the Earth (in the equatorial plane). Note that
5.2 Generation of the ionospheric plasma flow this motion is not mapped into the ionosphere, as it was ex-

) plained earlier. Hence, the magnetospheric plasma bound-
It has been long known that the SI generates a twin-vorteX; ias move toward the Earth, as illustrated in the middle panel

plasma flow pattern on the dayside, with a pair of up- andcontour lines in Fig. 8b). In our discussion here, the plasma
downward field-aligned currents (FAC) in the post- and pre-p,q nqaries are the surfaces separating the plasma regions
noon centers of the vortices, respectively, and the polewarqyiy, gifferent characteristics (such as temperature, density,
flow (caused by eastward electric field) between them (Araki,y asqire, etc.). It is important to realize that the magnetic
1994). Such electric field and FAC patterns were also demonﬁe|d contours and the plasma boundaries move in opposite
strated by numerical MHD simulations (Slinker et al., 1999; directions, as shown in Figs. 8a and b, and, hence, the angle

Keller et al., 2002). Physics of these FACs and electricyyoyeen the plasma boundaries andA&eonst contours is
fields can be explained on the basis of the analytical mOdel:hanged behind the propagating front.

developed by Kozlovsky et al. (1994) and Kozlovsky and
Lyatsky (1995). These authors investigated a quasi-steady- Due to the gradient of the magnetic field strength and the
state compression of the magnetosphere and showed that tffield line curvature, hot plasmasheet particles drift around the
compression modifies the large-scale field-aligned currentg&arth, producing the westward ring electric current (gradient
driven by the plasma pressure gradients. The shape andrift current). In a simple case, for example, for the dipole-
magnitude of the FAC changes are similar to a typical Sl-like magnetic field, the gradient drift current flows along
associated disturbance. In the following, we interpret ourthe B=const contours. On the other hand, the intensity of
observations based on the ideas of Kozlovsky et al. (1994). this current depends on the plasma characteristics (tempera-
Sketches in Fig. 8 show the propagation of the Sl front inture and density). Hence, when tBeconst contours cross
the equatorial plane of the magnetosphere. Thick gray lineshe plasma boundaries, polarization electric charges, electric
represent the pressure front propagating from the 15 MLTfields, and field-aligned currents are generated, as shown in
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Fig. 8c. Magnitudes of the electric field and FACs dependHall ionospheric current associated with the potential electric
on the angle between thB=const contours and the plasma field) is of the order of 1:6, as was shown by Kozlovsky and
boundaries, so that the changes produced by the SI resultyatsky (1995). In our case, the low-latitude magnetic distur-
in electric field and FAC changes. Being generated by thebance on the ground was20 nT (Fig. 2, middle panel). Half
electric charge separation, this electric field is mapped ont®f the value should be attributed to the effects of the currents
the ionosphere where corresponding plasma drift is observednduced in the conducting Earth. Hence, the magnitude of
This simple qualitative explanation allows us to understandB ¢ was of the order of 10 nT. In the dark ionosphere, a typ-
why the Sl can generate the plasma flow; however, one needsal Hall ionospheric conductance is about 2 mho. Hence, the
a quantitative approach to estimate the direction and value ofnodel predicts the ionospheric electric field and drift veloc-

the plasma velocity. ity values of the order of 25 mV/m and 500 m/s, respectively.
The field-aligned currents can be calculated as (Vasyliu-This is consistent with the observed drift velocities (Fig. 7).
nas, 1970) The model in Fig. 8 implies a convection vortex propagat-

) _ ing westward from the 15 MLT sector. Such a vortex should
=V (e [VV x V (pV7)]), ©)  pe seen in the data of the Super Dual Auroral Radar Net-
wherep is the plasma pressure, is the unit vector directed work (SuperDARN) radars. The SuperDARN is a network
along the magnetic field, andis the ratio of specific heats. of high-frequency (HF) coherent radars providing measure-
The differential flux tube volumé (i.e. a volume of mag- ments of the ionospheric plasma drift in a significant por-
netic flux tube with unit magnetic flux) is given by tion of the high-latitude ionosphere. In the Northern Hemi-
dl sphere, the radars cover magnetic latitudes 685> and
=, (7 more than half of the globe in longitude. A detailed descrip-
B tion of the system was given by Greenwald et al. (1995). The
where the integration is to be done along the magnetic fieldSuperDARN radars are sensitive fdregion electron den-
lines from the equatorial plane to the ionosphere. Equasity irregularities with scale sizes of 10-15m. Atregion
tion (6) is valid in a steady-state case, i.e. when changes irheights, such irregularities move with the convection veloc-
the flux tubes are slower than the Aéfiw wave bouncing be- ity (E x B drift) so that the Doppler shift of the received sig-
tween the hemispheres. Since the bounce time is about 2 minal is the line-of-sight component of the convection velocity.
whereas the S| propagation through the dayside magnetddy combining the measurements from all radars, a global
sphere took 13 min (07:32—-07:45 UT), E®) €an be used scale convection map can be obtained. In the present study,
in our case. we consider data from six radars located in Canada (Saska-
If one assumes slow flow and no particle loss, then thetoon, Kapuskasing, and Goose Bay), Iceland (Stokkseyri and
frozen-in-flux condition implies that the pressure invariant Pykkvybaer), and Finland (Hankasalmi). The radars are po-
pV?Y (y=5/3) is constant along a fluid flow path. The bound- sitioned along~60° geomagnetic latitude in the longitudinal
aries separating plasmas of differgrit” correspond to the range from 47W to 103 E (AACGM). Imaging the large-
magnetospheric plasma boundaries that we discussed abov&ale convection has been done using the fitting technique
Many studies have shown that the valuepdf? increases described by Ruohoniemi and Baker (1998). This method
with the distance away from the Earth (Borovsky et al., 1998;derives large-scale convection maps based on all available I-
Garner et al., 2003, and references therein), and we indicate-s velocity data obtained from the SuperDARN radars. We
this effect by gray scaling in Fig. 8b. As long as the most investigated a sequence of the SuperDARN global convec-
contribution to Eq. 7) comes from the equatorial plane, the tion patterns averaged over 2 min for the time interval 07:30—
V=const contours are practically aligned with ti=const 07:46 UT, when the Sl disturbance was propagating through
contours in Fig. 8, and the flux tube volume increases withthe dayside magnetosphere. The background convection pat-
the distance from the Earth (in some sense, the whole neatern averaged over 10 min (at 07:20-07:20 UT, just before
Earth plasma sheet can be considered as a smooth broade S| impact) was subtracted from each pattern of the se-
plasma boundary). The electric field and FAC behind the Slquence, so that the residual sequence (Fig. 9) represents de-
front are determined by the angle between the two gradientsyelopment of the convection disturbance launched by the SI.
VV andV(pV?), as follows from Eq.§). As Fig. 8cdemon-  Blue lines indicate the position of the middle of the auroral
strates, the compressing Sl generates an eastward electriwal, with the vectors showing direction and apparent veloc-
field behind the front. This electric field drives tliex B ity of the poleward shift of the oval at every moment. Red
drift of the magnetic flux tubes within the auroral oval, which circles represent the convection vortex expected in front of
is also observed as the drift motion of auroral forms. It doesthe propagating disturbance. There is a lack of vectors in
not lead to motion of the poleward boundary of the auroralthe region of interest (the HF radar returns are hardly possi-
oval because the PB motion is controlled by the reconnecble from regions of intense auroras), and one should keep in
tion processes rather than the electric fields generated in theind that the presented SuperDARN patterns are smoothed
closed magnetosphere. in both space and time. However, Fig. 9 demonstrates a good
A quantitative relationship between the magnetosphericqualitative agreement between the SuperDARN data and the
magnetic disturbanceB(r in Eq. (1)) and the high-latitude model prediction, in a sense of the rotation and position of
magnetic disturbance on the Earth’s surface (produced by théhe vortex, at the very least.

V =
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Fig. 9. A sequence of residual SuperDARN convection patterns illustrating the convection disturbance launched by the sudden impulse. Blue
lines indicate the position of the middle part of the auroral oval, and the vectors show the direction and apparent velocity of the poleward
shift of the oval at that moment. Red circles represent the convection vortex expected to be present in front of the propagating disturbance.
Green line shows the poleward boundary of the auroral oval.

To summarize this section, the proposed model implies1994 and references therein). These oscillations are associ-
that the Sl pressure disturbance changes the magnetosphesdted with radial electric field and azimuthal motion of the
magnetic field and the distribution of hot magnetosphericmagnetospheric plasma. At high latitudes they produce an
plasma in such way that a pair of field-aligned currents andeffect in the H-component of the magnetic field measured
a potential electric field are generated behind the propagaten the ground. Figure 10 shows such FLR magnetic pulsa-
ing front. The electric field causes poleward drift of plasmations excited by the Sl in our case. The period of the FLR
and auroras, which was observed in the dayside auroral ionancreases with latitude, so even, if the FLR were excited with
sphere. The model is consistent with the presented observdhe same phase at all L-shells (at 07:35 UT), the phase dif-
tions, including the value of the poleward velocity. ference between oscillations of neighboring L-shells would
appear later. At 07:42 UT, the magnetic disturbance at LYR
was positive, which indicates an eastward ionospheric Hall
, , ) current and, hence westward plasma flow. At lower latitude
!n this sectlo_n we would like tp make some remarks concern-, BJN) the flow was in the opposite direction. Hence, a flow
ing mechanisms for generation of the auroral forms cause hear existed at latitudes of the HOR station, and this is close
by a S. . to the latitude where the bright auroral form (indicated by

In the magnetosphere, the compression energy of the Sqgyer w4 in Fig. 6) occurred. The flow shear can launch
lar wind can be transformed into the Aéa shear toroidal the Kelvin-Helmholtz (KH) instability, which can produce

oscillations, which are the eigenmode or field line resonancn?)lasma irregularities giving rise to the auroral arcs. Hence,
(FLR) oscillations (e.g. Hughes, 1994; Samson and Rankin,

5.3 Mechanisms for auroral structures
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the aurora “a” could be generated due to the phase differ- ., MAGE ground magnetometer network, northward component

TSl "a

76 NAL

ence between the FLR oscillations on neighboring L-shells.
A similar model for the dayside auroras generation through
the FLR was considered by Kozlovsky and Kangas (2002).

If the angle between the two gradients in E@) i§ non-
zero (i.e. if VpxVV #£0), the plasma boundary (i.e. the re-
gion whereV(pV?)#£0) is unstable with respect to the in-
terchange instability (e.g. Volkov and Maltsev, 1986; Ko-
zlovsky and Lyatsky, 1994; Kozlovsky et al., 2003), the
larger the angle, the larger the instability growth rate. The in-
stability splits the plasma boundary into small-scale tongue-
like structures, which give rise to the discrete auroras form-
ing the bright auroral oval. The pressure gradient existing in
the plasma sheet gains the normal compone™ ¥oin the
course of the magnetosphere compression by the SI, as wasg. 10. Magnetic disturbancesi{-component) according to the
explained above. Then, the interchange instability cause8MAGE magnetometer network around Svalbard between 07:10 UT
discrete auroras that are seen as a brightening of the daynd 08:00 UT. Vertical dashed and dotted lines indicate the mo-
side auroral oval. These discrete auroras occur on closethents of the pulse arrival at the bow shock and its detection at
magnetic field lines and move poleward following the drift of the low-latitude magnetic observatory Bangui,_ respectively. Au-
magnetic flux tubes. Auroral forms 1-9 in Figs. 6 occurred "oral form “a” (see Fig. 6) was observed at latitudes of a change
after the Sl, and they propagated poleward with the plasmén t_he sign of the magnetic disturbance (+in LYR andn HOP),

. . . indicating a shear in the E-W plasma flow.

convection velocity (see Fig. 7), so that they (or some of
them) might be generated due to the interchange instability.

The FLR oscillations (Fig. 9) suggest closed magnetic field 5| oya), however, the structured precipitations are probably

lines, however, particle precipitation data from low-altitude pggqciated with field-aligned acceleration rather than with
satellites would be desirable to confirm this expectation. Ajqss_cone scattering. We think that both diffuse and struc-

more detailed discussion of the dayside auroras generation by, req precipitation can contribute to auroral intensification
thg interchange |nstaplllty and comparison with other mech, . «gjqwer response” events. Boudouridis et al. (2003) con-
anisms can be found in Kozlovsky et al. (2003). cluded that the preconditioning of the magnetosphere plays
Finally, one should discuss our results in light of other o, jmportant role in the type of response observed: a long
recent studies, in which global ultraviolet satellite images;.ianal of pre-existing southward IMF induces the “fast re-
were used to investigate the response of the auroral intens'ponse" whereas near-zero or northward IMFcBuld lead
sity to solar wi_nq pressure changes (Zhou and Tsurutani;y 5 more gradual “slower response”. We observed a promi-
1999; Boudouridis et al., 2003; Meurant et al., 2003). TWO ,ant “slower response” during dominating northward IMF

types of the auroral response were observed. The first type,,ngitions, which agrees with the conclusion of Boudouridis
fas't response”, was seen as a nearly simultaneous (withiny; o (2003). The model proposed in this study implies
2 min after Sl) intensification of the whole auroral oval (e.g. dependence on the pre-existing state of the magnetosphere,

Boudouridis et al., 2003). In this case, the precipitation in-y o yever, additional data on the magnetospheric plasma dis-
crease was probably launched by the fast &lf{magnetoa-  iption would be necessary for further progress in this is-
coustic) waves propagating across magnetic flux tubes (e.g; o

Meurant et al., 2003 and references therein). The motion

of the entire auroral oval at 08:32-08:36 UT mentioned in

Sect. 3 might be a signature of the “fast response”. The secé Summary

ond type, “slower response”, was seen as the auroral bright-

ening propagating from noon to both west and east with aln this study we used global ultraviolet auroral images from
speed of 6 to 11km/s (Zhou and Tsurutani, 1999). Thethe IMAGE satellite to investigate the dynamics of the day-
westward propagating disturbance at 08:32—08:45 UT conside auroral oval response to the solar wind dynamic pressure
sidered in the present study belongs to this type. To exincrease which occurred under northward IMF conditions on
plain the “slower response”, Zhou and Tsurutani (1999) sug-/ December 2000. TV all-sky camera observations concur-
gested that the magnetospheric compression leads to the lo&8nt with the satellite measurements allowed us to investigate
cone instability, wave-particle interaction and the precipi- the response of high-latitude auroral forms on a finer scale.
tation increase, i.e. basically the same precipitation mechThe EISCAT radar monitoring ionospheric plasma flows at
anism that was Suggested for the “fast response” precipitasva|bard in the 11 MLT sector allowed us to investigate the
tion. The loss-cone scattering should produce diffuse precipmotion of the auroras with respect to ionospheric plasma
itations. We have shown that “the slower response” is alsaconvection.

associated with generation of new auroral structures. This

means an increase in the total precipitation power in the auro-
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The IMAGE observations showed that: front) propagates anti-sunward from the dayside magne-
topause, at a velocity of the same order of magnitude as
the magnetosheath plasma flow, i.e. about 200 km/s. We
emphasize the difference between the front of a magne-
tosonic wave (propagating at the Afm speed of the
order of 1000 km/s) and the SI pressure front (which
is formed by a sum of many magnetosonic waves and
propagates at the velocity of about 200 km/s).

1. After the SlI, the middle of the dayside auroral oval
moved poleward from about 7@ about 73 AACGM
latitude. This poleward motion was first seen in the
15 MLT sector, later it occurred in the MLT sectors lo-
cated more westerly, and finally, it reached the 6 MLT
sector. Thus, the auroral disturbance was propagating
westward, from 15 to 6 MLT, at a velocity of the order
of 7km/s. 2. Behind the pressure front, the magnetic field increases

so that the contours of constant magnetic fidld{onst

contours) move away from the Earth. On the con-
trary, the magnetospheric plasma moves toward the

Earth. Hence, the propagating S| changes the angle be-

tween the plasma boundaries and B¥onst contours,

2. This motion of the middle of the auroral oval was caused
by the redistribution of the luminosity within the auro-
ral oval and was not accompanied by the corresponding
motion of the poleward boundary of the auroral oval.

3. Within 10 min after the Sl arrival to the bow shock (be- which leads to a pair of field-aligned currents and a
fore the poleward shift of the middle of the auroral oval), potential (curl-free) electric field generation behind the
the poleward boundary of the auroral oval in the dayside ~ Propagating front. The electric field causes poleward
(6—15 MLT) sector moved poleward by about ZThis plasma drift on closed magnetic field lines, but it does
motion might be caused by the Sl or (and) by the IMF not cause motion of the boundary between the open and
B, variation occurring just before the SI. closed field lines. The model is very consistent with

' presented observations, including the value of the pole-

Detailed observations near Svalbard (atll MLT) ward velocity, and finds a support in the global convec-

showed that: tion maps obtained from the SuperDARN HF radars.

1. The solar wind pressure increase caused a brightening 3. We suggest that a solar wind pressure pulse can pro-
of the dayside auroral oval, and poleward moving au- duce auroral arcs in the poleward part of the auroral
roral forms (rayed arcs) developed in the pre-noon sec-  oval in two ways. The arcs can be generated due to
tor at 74—-768 AACGM latitude, which was in the most the phase difference between the FLR oscillations on
poleward region of the auroral oval, close to the polar neighboring L-shells excited by the Sl and correspond-
cap boundary. ing shear flow. The other possible mechanism is the

interchange instability developing due to the magneto-

2. The Sl was followed by an increase in the northward spheric re-configuration caused by the SI.

plasma drift velocity from 0—100 m/s to 400-700 m/s. A

peak value of 700 m/s was observed about 10 min after 4. Because the new discrete auroral forms appear in the
the detection of Sl-related magnetic disturbances atthe  poleward part of the auroral oval, the middle of the oval
very low-latitude magnetic station Bangui. appears to be shifting poleward. Thus, the apparent
poleward motion of the middle of the auroral oval is
associated with the changes in luminosity distribution
within the auroral oval.

3. The individual auroral forms moved poleward with the
speed of the northward plasma drift.
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