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Abstract  We present observations of a duskside shock aurora occurred on 21 April 2001 by the SuperDARN radar at Syowa 
Station and the all-sky camera at Zhongshan Station (ZHS) in Antarctica when the radar was operated in fast-scan mode covering 
the ZHS region. With the two independent data sets, we examine ionospheric plasma convection and aurora arising from a sudden 
impulse (SI) event associated with an interplanetary shock. During the transient shock compression, the aurora was quiescent 
without any optical emission at the preliminary impulse of the SI. About 7 min later, a new thin auroral arc with brighter emissions 
and a lifetime of ~14 min expanded westward from the region above ZHS during the main impulse of the SI. SuperDARN radar 
line-of-sight measurements showed periodical oscillation in the flow direction with ultra-low-frequency waves having a period of 
~8 min during the shock compression. We suggest that downward field-aligned current during the preliminary impulse stage of the 
SI was the main driver of the first plasma flow reversal, and the subsequent new discrete auroral arc may be associated with 
field-aligned acceleration in the region of the main impulse related upward field-aligned currents. The ground magnetometer ob-
servations suggest that the oscillation of the ionospheric convection on the duskside was associated with field line resonance activ-
ity. 
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1  Introduction* 

Interplanetary (IP) shock and a sudden enhancement of the 
solar wind dynamic pressure can greatly disturb the Earth’s 
magnetic field, triggering a sudden commencement (SC) or 
sudden impulse (SI) that manifests as a steplike increase in 
the northward component of the geomagnetic field ob-
served by a ground magnetometer[1-2]. The magnetic field at 
the geosynchronous orbit is strongly compressed on the 
dayside when an IP shock arrives[3]. Energetic particle dy-
namics in the magnetosphere are also affected by IP shocks. 
The temporal and spatial distributions of density and tem-
perature of energetic particles change prominently, while a 
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strong electromagnetic ion cyclotron wave and electron 
whistler wave on the dayside are induced by IP shock com-
pression[4]. The injection of energetic particles into the inner 
magnetosphere by IP shocks has been observed[5]. Zhang et 
al.[6] reported that when a sudden increase in the solar wind 
dynamic pressure impinges on the magnetopause, ultra- 
low-frequency (ULF) waves are excited in the magneto-
sphere, significantly enhancing the energy coupling effi-
ciency between the solar wind and magnetosphere. It is 
well known that ULF waves due to field line resonance 
(FLR) activity play an important role in the transfer of en-
ergy into and around the magnetosphere and ultimately into 
the ionosphere. Furthermore, energetic particles are accel-
erated by the induced ULF waves[7].  

Just after the SC/SI, transient auroral emissions (re-
ferred to as a “shock aurora”) caused by IP shock compres-
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sion develop on a global scale[8-12]. Satellites have observed 
that a shock aurora immediately brightens near local noon 
at the time of the shock arrival identified by the ring current 
index of SYM-H. The initial brightening of a shock aurora 
is limited to within a few hours of magnetic local time 
(MLT) in the dayside ionosphere, and then propagates to-
ward both the dawnside and duskside along the auroral oval 
flanks at high speed (more than ~11 km∙s-1) and ultimately 
reaches the midnight sector[10-11,13]. Boudouridis et al.[14] 
found that a sudden compression of the magnetosphere by 
an IP shock led to a global enhancement of ionospheric 
currents in the aurora zone and an increase in auroral emis-
sions, with poleward expansion of the auroral oval. It has 
also been noted that long-duration high solar-wind ram 
pressure increases auroral intensity in the flanks of the 
auroral oval and there is dawn–dusk asymmetry of the 
auroral luminosity[8]. 

In addition to the global intensification of the aurora, 
an increase in solar wind dynamic pressure can signifi-
cantly enhance the ionospheric convection speed in the 
dayside ionosphere as detected by the SuperDARN radar. 
The enhanced convection extends to the vicinity of the ex-
pected location of the dayside convection separatrix, sug-
gesting that the solar wind dynamic pressure strongly af-
fects dayside reconnection as well as polar cap convec-
tion[15-16]. Recently, Liu et al.[17] examined a shock aurora 
event in detail using SuperDARN radar and ground-based 
optical auroral data. They found auroral weakening and 
simultaneous plasma flow reversal in the postnoon sector 
for a very short time immediately after the SC onset, which 
means that shock compression plays an important role in 
auroral particle precipitation and magnetospheric plasma 
convection. More attention needs to be given to this type of 
transient IP shock in terms of ground-based observations of 
the associated aurora and ionospheric plasma flow to reveal 
the evolution of the shock triggered ionospheric phenome-
non in more detail. More recently, on the basis of Su-
perDARN King Salmon high-frequency (HF) radar obser-
vations, Hori et al.[18] reported plasma flow reversal on the 
duskside during a negative SI. 

Although satellite observations are useful in identify-
ing the large-scale temporal and spatial evolution of a shock 
aurora, high-resolution ground-based optical measurements 
are needed to reveal the fine structure and detailed variation 
of the shock aurora. From coordinated ground optical and 
satellite particle measurements, Egeland et al.[19] noticed 
that the entire sky brightened quickly and that auroral parti-
cle precipitation was greatly enhanced during an SC event 
on the dawnside. Sandholt et al.[20] reported that the en-
hancement of the solar wind dynamic pressure leads to an 
equatorward movement of the intensified cusp aurora and 
enhanced ionospheric convection. Using simultaneous 
ground and satellite optical observations, Motoba et al.[12] 
analyzed a shock aurora event in the postnoon sector in the 
Southern Hemisphere and found that the transient auroral 
brightening on the dayside can be divided into two proc-
esses. The initial process corresponds to a diffuse aurora 

detected at 557.7 nm, and the subsequent process corre-
sponds to a new discrete auroral form detected at both 
557.7 and 630.0 nm. Using ground-based optical instru-
mentation at Ny-Ålesund in Svalbard, Zhou et al.[21] studied 
a shock aurora event near local noon, and found that the 
auroral forms presented as a diffuse type in closed field 
lines. Here we report a unique shock aurora event according 
to coordinated duskside observations made with the Su-
perDARN radar and an all-sky imager at the Chinese 
Zhongshan Station (ZHS) in Antarctica. 

2  Observations 

Figure 1a–1e shows the solar wind parameters observed by 
the ACE spacecraft around the L1 point at (234, 41, and 10) 
RE in GSM coordinates during the interval 1200–2000 UT 
on 21 April 2001. The first vertical dashed line indicates 
that an IP shock approached the Earth with clear enhance-
ment of the solar wind dynamic pressure at 1504 UT from 
less than 2 nPa to over 4 nPa due to quickly increasing solar 
wind speed Vsw and proton density Nsw. At the same time, 
the Bz component of the interplanetary magnetic field (IMF) 
was mainly positive and oscillated near zero magnitude. 
The IMF By component was negative, and the Bx compo-
nent also oscillated. 

 
Figure 1  a, IMF north-south component Bz; b, IMF Bx and By in 
GSM coordinates; c, solar wind proton density Nsw; d, velocity Vsw; 
e, dynamic pressure Pdyn monitored by the ACE satellite; f, ring 
current SYM-H index on 21 April 2001. Two dashed lines indicate 
the shock time (1504 UT) recorded by the ACE satellite and the 
onset time of the SI (1601 UT) confirmed by ground observations. 

About 57 min later, the IP shock arrived in Earth space 
and induced a sharp increase in the SYM-H index as shown 
by the second vertical dashed line at 1601 UT (Figure 1f). 
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The SYM-H index measures the mean longitudinally sym-
metric component of magnetic disturbances and is essen-
tially the same as the hourly Dst index[22]. The SI amplitude 
of the SYM-H index was 17 nT. 

The IP shock impinges Earth space, causing global 
dynamic changes in electromagnetic fields and the plasma 
environment. Figure 2 shows the variation in the northward 
component of the geomagnetic field during the interval 
1550–1630 UT; i.e., throughout the IP shock passage. The 
magnetic field data were recorded by three magnetometers 
located at Jicamarca at the magnetic dip equator, Alice 
Springs at low latitude and Casey at high latitude (see Table 
1) in the Southern Hemisphere. The time resolution of the 
magnetometer at Jicamarca is 1 s whereas those of the 
magnetometers at Alice Springs and Casey are 1 min. The 
more accurate SI onset time determined by the 1-s sampling 
data at Jicamarca was 160045 UT marked by the vertical 
dashed line in Figure 2, when Jicamarca was located near 
local noon. The stepwise change in the X-component at 
Alice Springs reached a peak (14 nT) before 1607 UT, and 
the amplitude was then almost stable around 11 nT. After 
the SI onset, the waveform at high latitude (Casey) showed 
first a negative impulse corresponding to the preliminary 
impulse (PI), which was referred to as the PI stage of the SI 
in the afternoon auroral zone[2]. The PI stage of the SI gen-
erally persists for a short period. After the PI stage of the SI, 
the main impulse (MI) presenting as a subsequent positive 
impulse began around 1608 UT. At the dayside dip equator 
(Jicamarca), the two impulses at high latitude are seen 
again. 

 
Figure 2  Geomagnetic field variations observed by magne-
tometers from the dip equator to the region of higher latitude. The 
dashed line indicates the onset time of the SI. 

To reveal the fine structure of the shock aurora forms 
and simultaneous ionospheric plasma convection, we ex-
amined ground-based observations. During the SI event, 
ZHS was located on the duskside (1730 MLT). Figure 3 
shows the locations and field-of-view (FOV) of the all-sky 
camera (ASC) at ZHS and of the Syowa East radar (69°S, 
39°E in geographic coordinates, also called SENSU radar) 
in the Southern Hemisphere. The plot shows a polar grid of 
magnetic latitude (MLAT) and MLT coordinates. The auro-
ral observation at ZHS was carried out using an advanced 

TV ASC fitted with a fish-eye lens. Each aurora frame had 
exposure time of 4 s and spatial resolution of 320×240 pix-
els[23]. During the present SI event, most ionospheric echoes 
received by SENSU radar came from the E and F regions 
over ZHS, providing good conjunction with the optical 
auroral observation; hence, the radar helped identify more 
detailed structures of the shock aurora on the duskside and 
the associated plasma flows. Assuming the discrete auroral 
emission height is 110 km on the duskside, the meridional 
coverage of the auroral frame at ZHS approximately ex-
tends from –70° to –79° in geomagnetic latitude[24]. The TV 
ASC at ZHS is a panchromatic imager that is sensitive to 
emissions at +

2N  wavelengths of 427.8 and OI 557.7 
nm[23]. It is generally considered that the 557.7 nm emission 
results from neutral atomic oxygen excitation directly 
and/or indirectly by precipitating keV electrons. Therefore, 
the two emissions respond primarily to the electron pre-
cipitation and are particularly useful in identifying the 
field-aligned current (FAC) carried by particle precipita-
tion[25]. 

Table 1  Ground stations 

Geographic /° Geomagnetic /° 
Station name Code 

Lat. Long. Lat. Long. 

Ny Ålesund NAL 78.92 11.95 75.25 112.08 

Longyearbyen LYR 78.20 15.82 75.12 113.00 

Hornsund HOR 77.00 15.60 74.13 109.59 

Bear Island BJN 74.50 19.20 71.45 108.07 

Muonio MUO 68.02 25.23 64.72 105.22 

Pello PEL 66.90 24.08 63.55 104.92 

Hankasalmi HAN 62.25 26.60 58.69 104.54 

Nurmijärvi NUR 60.50 24.65 56.89 102.18 

Jicamarca JIC -12.00 283.10 0.0 354.20 

Alice Springs ASP -23.76 133.88 -32.50 206.92 

Casey CSY -66.28 110.53 -75.99 184.57 

 
Figure 4 shows the auroral sequence images taken 

during 1600–1638 UT in two-minute intervals. The two 
white arrows, marked M.S and M.E in the first frame in 
Figure 4, indicate the magnetic south (poleward) and east, 
respectively. The SI onset time identified by the geomag-
netic field observation was 1601 UT, and is marked by a 
downward arrow in Figure 4. At this time, ZHS was located 
at ~1730 MLT on the duskside, as shown in Figure 3. Be-
fore the SI onset, Figure 4 shows that the ASC did not ob-
serve auroral emission over ZHS. Immediately after the SI, 
the whole sky over ZHS remained quiet without any nota-
ble auroral structure. This phenomenon lasted for ~7 min, 
which is almost equivalent to the duration of the PI stage of 
the SI shown in Figure 2. The first brightening of the shock 
aurora detected by the ASC at ZHS appeared in the north-
east of the FOV at 1608 UT (shown by the white arrow in 
Figure 4). The auroral brightening was initially weak but 
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highly structured. This discrete aurora manifested as a thin 
arc aligned obliquely to the east-west direction. After 
checking the auroral sequence images at the highest time 
resolution of 4 s, it was found that the duskside shock 
aurora in discrete type moved westward (sunward) from the 
east edge of the FOV of the ASC at ZHS. Previous studies 
on shock aurora generally showed tailward propagation 
along the auroral oval on dusk and dawn flanks simultane-
ously. Until now, all work found that an antisunward 
propagating shock aurora was of diffuse type, and the sun-
ward moving shock aurora thus requires further attention. 
At the same time, the thin arc moved poleward with in-
creasing brightness and latitudinal width (poleward widen-
ing). About 14 min after the initial brightening of the dis-
crete-type shock aurora, the auroral intensity slightly de-
creased (Figure 4). 

SENSU radar, as part of the SuperDARN radar net-
work, makes detailed observations of ionospheric plasma 
flow on the duskside (Figure 3). The radar sequentially 
scanned through all 16 beam directions over 1 min and 
measured the backscatter power, line-of-sight (LOS) veloc-
ity, and spectral width in 75 range gates in a fast scanning 
program[26]. The view of scan of SENSU radar was just 
over ZHS as shown by a fan-shaped FOV in Figure 3. Dur-
ing the SI event, the radar central beams were biased to-
ward the duskside and their scan has the advantage of being 
able to detect sunward and antisunward plasma flows. Fig-
ure 5 shows time series of LOS velocity as a function of 
range gate measured by beams 7 and 12 of SENSU radar. 

 
Figure 3  The FOV of the ASC at ZHS and SENSU radar in the 
Southern Hemisphere on an MLT/MLAT grid at 1600 UT; the 
Casey Station (CSY) is also shown. The concentric dotted circles 
represent the magnetic latitude (in 10° intervals), and the radial 
dotted lines represent the magnetic local time (at intervals of 2 h). 
Beams 7 and 12 of the SENSU radar are plotted to show the ad-
vantage of scanning sunward and antisunward plasma flow over 
ZHS in the duskside sector. 

 
Figure 4  Auroral all-sky sequence images taken from ZHS during 1600–1638 UT. The geomagnetic south (poleward) and east direc-
tions are marked M.S and M.E, respectively. 
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Figure 5  LOS ionospheric plasma flow scanned by beams 7 and 
12. The color bar on right indicates the sunward (positive) and 
antisunward (negative) velocities of plasma flows. 

The directions of beams 7 and 12 are shown in Figure 3. 
The color scale of Figure 5 shows the velocity of the 
plasma flow inferred from the Doppler frequency shift. 
Positive and negative values indicate plasma flow toward 
and away from the radar, respectively. Comparing with the 
geomagnetic field variation shown in Figure 2, we can 
identify the auroral activity and simultaneous ionospheric 
plasma convection on the duskside associated with shock 
compression. 

From the ionospheric backscatter data for beams 7 and 
12 shown in Figure 5, it is seen that the plasma flow was 
sunward before the SI onset with an average velocity mag-
nitude less than 200 m∙s-1 at the zenith of the ASC at ZHS. 
A very clear feature of the plasma flow is the sudden rever-
sal of the flow direction, which shows that the LOS velocity 
reversed to antisunward immediately after the SI onset 
triggered by the IP shock compression. The flow reversal 
commenced near the radar site at a lower speed, and this 
reversed flow propagated to the far range gate with in-
creasing velocity. It is noted that the preliminary flow re-
versal lasted for about 8 min, which is almost equivalent to 
the period of the PI stage of the SI shown in Figure 2. After 
1607 UT, the plasma flow over ZHS returned to sunward 
with a higher velocity near the radar site during the MI 
stage of the SI. One important signature of the plasma flow 
reversal is the repeated periodical structure with a period of 
8 min. It is noted that the backscatter data for beam 12 in 
the lower latitude region are similar to the signature of the 
beam 7 on the whole, but flow speed in the lower latitude 
region was evidently higher than that in the center view of 
the SENSU radar. 

The LOS velocities in Figure 5 can be combined with 
the “map potential” model of ionospheric flow to derive 

large-scale two-dimensional velocities[27]. The LOS veloci-
ties are mapped onto a polar grid, and then fitted to an ex-
pansion of the electrostatic potential in spherical harmonics, 
which is stabilized by a statistical model in regions where 
there are no real observations. Therefore, the large-scale 
global plasma convection is shown for 18 min in Figure 6, 
and it is seen that there is complicated plasma flow in the 
postnoon region. During the PI stage of the SI, the iono-
spheric plasma convection pattern was deformed consid-
erably, specifically in the postnoon sector with a multi- 
vortex flow system. A large-scale ionospheric plasma flow 
pattern had a typical convection twin-vortex when the SI 
was in the MI stage, as shown in Figure 6. 

3  Discussion 

We examined one shock aurora event using ground-based 
optical and SuperDARN radar data for the duskside in the 
Southern Hemisphere. The aurora observed by the ASC at 
ZHS during the IP shock compression was identified and its 
development can be divided into two steps. The first step 
was a quiescent period without any auroral emission imme-
diately after the SI triggered by the IP shock; at the same 
time, SENSU radar observed a prompt plasma flow reversal 
from sunward to antisunward. About 7 min later, a new thin 
discrete auroral arc was observed in the northeast of the 
FOV of the ASC at ZHS. The thin discrete arc developing 
with brighter emissions expanded sunward and poleward 
simultaneously, and had a lifetime of ~14 min during the 
MI stage of the SI. There was a new signature of the plasma 
flow with clear periodical oscillation features having a pe-
riod of 8 min after the IP shock. 

It is known that precipitating particles are the main 
factor determining auroral brightness, and they have a close 
relationship with the FAC. The upgoing electrons have been 
identified as the carriers of the downward FACs[28-29]. 
Marklund et al.[30] found upgoing electrons were associated 
with a black aurora in the downward FAC region and indi-
cated that a total absence of auroral emission was caused by 
the upgoing electrons associated with the downward FAC. 
Similarly, we suggest that the quiescent auroral emission 
over ZHS at the beginning of the SI may mostly be caused 
by a downward FAC that has a close relationship with the 
IP shock compression and the response of the magneto-
sphere-ionosphere coupling system. 

For generation of the FACs, a well-known SI model 
proposed by Araki[2] predicted that downward and upward 
FACs are produced at the PI stage of SI in the afternoon and 
morning sectors, respectively. Therefore, it is reasonable to 
consider that the downward PI FAC suppressed the auroral 
particle precipitation and led to the quiescent auroral emis-
sion on the duskside, as shown in Figure 4. Such observa-
tional results for a shock aurora were reported by Liu et 
al.[17] according to observations made by the same auroral 
optical imager but for a different shock aurora event. 

SuperDARN radar is a powerful tool with which to 
determine FACs through convection observations, and it  
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Figure 6  Two-dimensional plasma flow and electric potential derived from the Southern Hemisphere SuperDARN radars, fitted to a 
map potential model from 1600 to 1618 UT in 2-min intervals (1200 MLT at the top and 0600 MLT at the right of each frame). Colored 
points indicate “true” velocity vectors, which are the combination of the observed ionospheric LOS velocities and the component perpen-
dicular to the LOS derived from the ionospheric potential model. The SI onset is marked by the black arrow in the first frame. 

provides convincing evidence for the formation of down-
ward FAC over ZHS on the duskside during the PI stage of 
an SI[17,31]. Figure 5 shows that the plasma flow was sun-
ward within the main twin-vortex convection cell before the 
SI onset. After the SI onset, the figure shows that the 
plasma flow over ZHS was reversed (starting from the near 
range of the radar at 1602 UT), and this reversal lasted for 
~8 min. According to the SI model prediction, the down-
ward FAC formed during the PI stage of the SI, and this 
FAC drove a counterclockwise ionospheric plasma convec-
tion vortex (seen from above the Southern Hemisphere), in 
accordance with our optical and SuperDARN radar obser-
vations. Large-scale ionospheric convection shown in Fig-
ure 6 provides strong evidence for the generation of down-
ward FAC in the afternoon sector; there is a complicated 
convection pattern with a multi-vortex flow system during 
the PI stage. These observational results suggest that a 
downward FAC formed during the PI stage of the SI. This 
downward FAC suppressed auroral particle precipitation 

and caused the plasma flow reversal. 
After 1608 UT, the SI was in the MI stage and Figure 

4 shows that the corresponding aurora over ZHS presented 
a new thin discrete arc with increasing luminosity. It is 
known that discrete auroral arcs are locations of upward 
FACs with intense emissions resulting from a magnetic 
field-aligned potential drop (inverted-V)[32]. The simulta-
neous radar observations covering the FOV of ZHS show 
that the plasma flow returned to the sunward direction with 
a higher velocity, as seen in Figure 5. The SI model of 
Araki[2] suggests that the FACs and ionospheric currents of 
the MI stage are in the same structure but with opposite 
polarity to that in the PI stage. Furthermore, the model in-
dicates that the FACs in the MI stage are generated by en-
hanced magnetospheric convection under the shock com-
pression of the magnetosphere and their magnitude should 
be much larger than that in the PI stage. Therefore, the op-
tical auroral and radar observations as presented in Figures 
4 and 5 are consistent with the model prediction. 
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One interesting observational signature of the iono-
spheric plasma flow in response to the IP shock compres-
sion is the clear periodical oscillation of the LOS velocity 
(namely repeated flow reversal) as shown in Figure 5. 
There is also westward phase propagation (backscatter 
echoes away from the radar) of the backscatter after the SI 
onset. To our knowledge, this shock-associated ionospheric 
convection phenomenon has not been reported in previous 
studies. Sato et al.[33] reported that a geomagnetic negative 
SI triggered one-to-one correspondence between quasi- 
periodic luminosity pulsations of a discrete aurora over 
ZHS and geomagnetic pulsations in the conjugate hemi-
sphere. Because of the characteristic features, they advised 
that the phenomenon had a close relationship with the FLR 
caused by the sudden expansion of the magnetospheric cav-
ity. Accordingly, we checked both the auroral sequence 
frames and keogram (not shown) in detail, but unfortu-
nately did not find a clear periodically reforming auroral arc 
or pulsations during the SI. 

The stack plots in Figure 7 show variations in the 
north-south component of the ground magnetic fields si-
multaneously recorded by the IMAGE magnetometer net-
work in the Northern Hemisphere, whose geographical and 
geomagnetic information is given in Table 1. This network 
is aligned near the geomagnetic meridian where ZHS is 
located, and the nominal geomagnetically conjugate region 
of ZHS is located between HOR and LYR. In the stack plot, 
each color corresponds to a station and the lower eight 
curves show the raw waveforms whereas the upper eight 
curves are the band-pass filtered waveforms with a period 
range of 4–10 min for the clarification on variations associ-
ated with the oscillations of the plasma flow observed by 
the SENSU radar. A negative excursion of the X component 
was observed at the auroral zone observatories (MUO, PEL) 
immediately after the SI onset as marked by the vertical 
dashed line in Figure 7. This timing of the first negative 
pulsation is the same as that at the Jicamarca geomagnetic 
dip equator observatory, as shown in Figure 2. Such signa-
tures are consistent with the SI model in the afternoon 
auroral zone[2]. As seen in Figure 7, the variation in the 
band-pass filtered magnetic field data at BJN (blue coded) 
was very similar to the oscillations of the plasma flow ob-
served by SENSU radar and shown in Figure 5. The geo-
magnetic latitude of BJN is about 71.45°, about 3° latitude 
lower than that of the geomagnetically conjugated point of 
ZHS. These observations imply that there is a close rela-
tionship between the oscillations of the plasma flow and the 
magnetic pulsations. 

The first cycle of the magnetic pulsation appeared at 
almost all observatories, and the pulsation amplitude 
peaked at HOR and BJN around 1606 UT. A distinct phase 
lag was observed between BJN and NAL, and there was a 
similar small phase lag between NUR and MUO. It is 
known that the FLRs oscillate in toroidal mode, which is 
observed as a characteristic amplitude peak at the resonance 
center and a 180° phase change as a function of latitude 
across the resonant peak[34-35]. Observations made by both 

the magnetometers and HF radars and the simulation results 
indicate that a pulse of solar wind dynamic pressure im-
posing on the magnetopause could drive FLRs with discrete 
frequencies at different latitudes where the field-line eigen 
frequencies match the frequency of the magnetospheric 
cavity modes[7,33,36-37]. Mann and Wright[38] showed that the 
magnetospheric flanks were a more fertile region of FLRs 
owing to larger velocity shear at the boundary between the 
streaming solar wind and magnetopause. Additionally, Rae 
et al.[39] presented an interval of extremely long-lasting 
narrow-band Pc5 pulsations during the recovery phase of a 
large geomagnetic storm. They found that SuperDARN HF 
radar observed clear oscillations of plasma flow in the 
duskside ionosphere with characteristic signatures of the 
FLRs. Thus, in view of these previous works on FLRs, 
magnetic observational results and simultaneous Su-
perDARN HF radar measurements of the present shock 
aurora event demonstrate a FLR characteristic feature 
caused by IP shock compression. 

 
Figure 7  The lower eight curves of different color are raw 
waveforms for the north−south component recorded by IMAGE 
magnetometers in the Northern Hemisphere. The upper eight 
curves are the band-pass filtered data with a period range of 4–10 
min. 

ULF waves due to FLR activity play an important role 
in the transfer of energy from solar wind into the magneto-
spheric cavity and ultimately into the ionosphere[39]. The 
enhanced solar wind dynamic pressure carried by the IP 
shock imposed on the magnetopause and compressed the 
magnetosphere. This process induces compressional waves 
propagating in fast mode in the magnetosphere. Thus, a 
FLR will be excited where the eigen frequency of the field 
line matches the frequency of the fast wave[7]. 

4  Conclusion 

Employing a favorable conjunction of an optical aurora 
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imager and simultaneous SuperDARN HF radar, we exam-
ined a shock aurora event on the duskside in the Southern 
Hemisphere. Results of this study are summarized as fol-
lows. 

(1) During the PI stage of the SI triggered by IP shock 
sudden compression on the magnetosphere, the optical 
imager at ZHS did not observe aurora but with a distinct 
ionospheric plasma flow reversal and complicated convec-
tion pattern. We suggest that a downward FAC that formed 
immediately after the SI onset in the postnoon sector was 
responsible for these observational results. 

(2) A new thin discrete auroral arc expanding west-
ward over ZHS coincided with the MI stage of the SI, 
which may be associated with a field-aligned acceleration 
process in the region of the MI-related upward FACs. The 
lifetime of this discrete shock aurora was about 14 min. 

(3) The major finding for the duskside shock aurora in 
this case study is the periodical oscillation of the plasma 
flow measured by the SuperDARN HF radar. Joint observa-
tions from the conjugated magnetometers indicate that this 
oscillation was associated with the FLR activity triggered 
by the sudden enhancement of the solar wind dynamic 
pressure. 
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