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Abstract: Using the imaging riometers at Ny-Alesund and Danmarkshavn in 
the Arctic region, and Zhongshan in Antarctica, a daytime absorption spike event 
was observed at both hemispheric stations in the post-noon ( 13 15 h ML T) on 
August 3, 1997. The conjugate absorption spikes with a quasi-periodic feature were 
associated with the sequence of solar wind dynamic pressure pulses during north­
ward interplanetary magnetic field (IMF). In particular, the absorption spike 
associatied with the steep pressure increase and the synchronous short-period 
southward IMF change exhibited a time difference (�I min) between the occur­
rences in the two hemispheres. From comparison between the absorption images 
and simultaneous aurora all-sky images at Zhongshan, it is recognized that the 
absorption spike shows a feature of small-scale enhancement \Vith fast eastward 
motion in the large-scale absorption extending by about 1000 km in longitude and 
about 50 km in latitude. Ground geomagnetic variations at the high-latitude 
stations in the both hemispheres showed good response to the solar wind pressure 
pulse sequence. These observational results indicate that magnetic compressional 
waves driven by the solar wind pressure pulses could stimulate energetic electrons 
populating in the outer magnetosphere and thus the electrons could precipitate into 
the polar cleft ionosphere in both hemispheres due to intensification of upward 
region- I field aligned currents near the duskside magnetopause. 

1. Introduction 

The solar wind flow around the Earth's magnetosphere is by no means in a steady state 

but is characterized by major changes of the interplanetary magnetic field (IMF) and its 

plasma velocity as well as its plasma density. The response of the dayside magnetosphere 

to sudden changes of solar wind conditions is a major dynamic feature of the solar wind 

interaction with the Earth's magnetosphere. 

Glassmeier and Heppner ( 1992) illustrated schematically magnetopause current layer 
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perturbations associated with solar wind pressure pulses and magnetic merging (reconnec­
tion). Pressure enhancement and magnetic merging events result in localized increases of the 
local magnetopause current density. From current continuity at the boundary, field-aligned 
currents (FA Cs) flow out of the auroral ionosphere, carrying magnetospheric electrons into 
the dayside ionosphere. Therefore, ground-based auroral observation in the polar cusp/cleft 
region is a significant remote sensing technique for studying transfer of momentum and 
energy from the solar wind to the magnetosphere and the polar ionosphere. 

Sandholt et al. ( 1994) revealed that strong, isolated enhancements in solar wind 
dynamic pressure gave rise to equatorward shifts of the cusp/cleft aurora at Ny-Alesund 
(geomag. lat., 76°) during southward (B 1 <0) and westward (B

) 
<O) IMF. Farrugia et al. 

( 1995) demonstrated a series of transient auroral emissions in the 1300-1600 ML T sector 
using the daytime auroral observations at Ny-Alesund. The IMF showed a strong westward 
( B

) 
�0) and a small northward or zero B 1. They interpreted the emissions in terms of 

modulations in the reconnection rate at the dayside magnetopause, stimulated by the arrival 
at Earth of upstream dynamic pressure pulses of the solar wind. Sandholt et al. ( 1996) 
demonstrated impulsive auroral emissions associated with the arrival of the interplanetary 
shock and with an IMF directional discontinuity during northward B,. The transient form 
with strong green-line emissions at the equatorward boundary of the preexisting aurora 
showed an equatorward shift of about 100 km south of the zenith over Ny-Alesund. Thus, 
as a next step of the dayside aurora studies, the topology of the magnetosphere when the 
reconnection region maps to the ionospheric projection of the boundary between open and 
close magnetic field-lines is required. This suggests a necessity of conjugate observations 
between high-latitude stations in the northern and southern hemispheres. 

However, optical observations of auroral particle precipitation have limitations due to 
climate and sunlit conditions, in particular, simultaneous optical observations between 
high-latitude stations in the both hemispheres are nearly impossible. By contrast, measure­
ment of ionospheric absorption of cosmic radio signals using a riometer (Relative Iono­
spheric Opacity meter) is always useful for detecting auroral particle precipitation without 
these limitations. 

An imaging riometer for ionospheric study (IRIS) which is capable of measuring the 
spatial scale, shape and movement of absorption events, was initially deployed at South 
Pole station, Antarctica (invariant latitude � 74°) in January 1988 (Detrick and Rosenberg, 
1990), and since then multiple IRIS instruments have been installed in the Arctic region 
(e.g., Stauning et al., 1992; Nishino et al., 1993) and in Antarctica (e.g., Nishino et al., 

1998). Using the IRISs at Ny-Alesund/Longyearbyen in Svalbard and Zhongshan station 
in Antarctica, a conjugate relationship of nighttime absorption events has been discussed 
in terms of the east-west component (B,) of the IMF (Nishino et al., 1998). 

This paper presents in turn a daytime absorption event observed by the IRISs at the 
hemispheric high-latitude stations. The IRIS data used are from Ny-Alesund in Svalbard, 
Danmarkshavn in Greenland and at Zhongshan station in Antarctica. A characteristic 
feature of the event is an association with a specific change of solar wind dynamic pressure 
and IMF. Solar wind parameters from the WIND satellite, aurora all-sky camera data at 
Zhongshan and ground geomagnetic data at high-latitude stations are used for examination 
of the conjugate relationship and for discussion of aurora particle precipitations, as a case 
study. 
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Table I. Geographical coordinates of Danmarkshavn (DMH), Ny-A°tesund (NY A) and Zhongshan 
(ZHS) and their corrected geomagnetic latitudes, approximate magnetic-noon and total 
magnetic field according to the IGRF model. 

Stations 

Danmarkshavn( DMH) 
Ny-Alesund (NY A) 
Zhongshan (ZHS) - - --

Geographical 
coordinates 

76.77N, 18.66W 
78.92N, 1 l.92E 
69.37S, 76.38E 

Corrected 
geomag. 
latitude 
77.26 
76.05 
74.52 

Eccentric Total 
dipole magnetic 

magnetic noon field 
1036 UT 53660 nT 
0847 UT 53959 nT 
1015 UT 53733 nT 

Table I gives the geographical coordinates of Danmarkshavn (DMH), Ny-Alesund 
(NY A) and Zhongshan (ZHS) and their corrected geomagnetic latitudes, approximate 
magnetic noon and the total intensity of the magnetic field according to the IGRF model. 

2. Imaging riometers 

The JR[S instruments at the three stations have almost the similar antenna 
configurations: a two-dimensional array of 8 by 8 dipole-elements with spacing of a 
half-wavelength at 38.2 MHz for ZHS/DMH, and with spacing of 0.65-wavelength at 30.0 
MHz for NY A. Figure I shows the projection of half-power width patterns of 64 antenna­
beams on an ionospheric absorption layer at 90 km altitude. The IRIS field-of-view ( FOY) 
is a square of approximately 400 km side and 200 km side for DMH/ZHS and NY A, 
respectively ( Yamagishi et al., 1992) . 

Figure 2 shows the locations of DMH and NY A and their IRJS FOVs on the 
European arctic map with invariant latitude contours for 70°and 80° . The north-south 
direction at DMH, NY A and ZHS IRIS antennas points to the north magnetic pole, 

(a) 

-200 0 100 

(b) 

200-r-o ......... ��---�.__��.__�-,--+ 

100 

0 

-100 

N(:�,> )
¥
·-': •...................•. :::!!:: ,-,�::::.:> 

-200 ··. ·. : / 

200 -200 -100 0 100 200 

Fig. I. The projection of a half-power width of 64 antenna-beams on an ionospheric absorption 
layer at 90 km altitude. The patterns are shown for (a) 0.5-wavelength spacing (Zhongshanl 
Danmarkshavn IRISs) and (b) 0.65-wavelength spacing (Ny-Alesund IRIS) (after Yamagi­
shi et al .. 1992). The beam numbers noted in the pattern (b) are assigned for north-south 
and east-west directions. 
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Fig. 2. The IRIS FO Vs at Danmarkshavn and at Ny-A°lesund with the invariant latitude contours 
for 70 ° and 80 ° on the European arctic map. Contours giving conjugate locations of 
Zhongshan are displayed for the morning and afternoon sectors for northern summer 
solstice (June 20), based on the calculations using the Tsyganenko 1996 model (modifed 
after Yamagishi et al., 1998). The IMAGE magnetometer chain stations extending from 
Svalbard to northern Scandinavia are also noted by acronyms. 

invariant magnetic pole and the south magnetic pole, respectively. Contours giving conju­

gate locations of ZHS, calculated using the Tsyganenko 1996 model (Tsyganenko and 

Stern, 1996) under the IMF condition B, = B,=O are also displayed for the morning and 

afternoon sectors at the northern summer solstice (June 20) (Yaniagishi et al., 1998). No 

conjugate location is obtained between 8 h UT and 14 h UT in the noon sector and 

between 19 h and 2 h UT in the night sector because of open magnetic field-lines. The 

locations of IMAGE magnetometer chain stations used in this study are also shown in this 

figure ( Luhr et al., 1998). 

3. The daytime absorption event of August 3, 1997 

Figure 3 shows time variations of the B,-, B,- and B,-components of the IMF, and ion 

density (N) and ion dynamic pressure (Pd,n) of solar wind from the WIND satellite for the 

1030-1400 UT interval of August 3, 1997 in the upper panel, together with absorption 

variation in the east-west direction near the zenith (S4) at ZHS during 1100-1330 UT in 

the lower panel. During this interval, the WIND satellite was located at Rx �+80 K, R,� 

60 K and R�+ 15 K (in GSE) in the solar wind. The variation of the solar wind 

dynamic pressure (Pd,n=mNvc) arises almost solely from the ion density. The solar wind 

dynamic pressure increased from a quiet state (�2 nPa) to �6 nPa at 1005 UT, remained 

at 6-8 nPa (not shown in the panel), and decreased to 6 nPa at about 1100 UT. Thereafter 

the pressure showed a positive swing (LlPI P �0.6) which started at 1132 UT, a gradual 

step-like increase (LlPI P �0.8) which started at 1150 UT, and a subsequent steep increase 
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Fig. 3. Time variations of B,-, B,.- and B=-components of the IMF, ion density (N) and ion 
dynamic pressure (Pd

y
n} of solar wind from WIND satellite during /030-1400 UT on 

August 3, 1997 (upper panel) together with absorption variation in the east-west direction 
(El-- £8) near the zenith (S4) during /JOO- 1330 UT at ZHS (lower panel). Absorption unit 
is 1.0 dB/div. Dashed lines between the upper and lower panels show the 25-min delay. 

(LlP!P �l.6) which started at 1201 UT, followed by a quasi-periodic fluctuation (repetition 
of �8 min). Between 11 h-13 h UT, B, was positive with a negative spike at 1201 UT, and 
By was positive with a positive spike at 1201 UT and a gradual negative change at about 
1230 UT. B, gradually changed from negative to positive with a sharp negative spike ( peak, 
-4 nT) at 1201 UT. 
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To show the relationship between the solar wind conditions and the absorption 

variation, we estimate a total time delay of 22 min to account for propagation from the 

satellite to the bow shock ( � 12 R,J at an average solar wind velocity of 450 km/s, from the 

bow shock to the magnetopause ( �9 K) and from the magnetopause to the polar iono­

sphere (Stauning et al., 1995). However, this time delay may be erroneous because the 

discontinuity in solar wind is not necessarily perpendicular to the sun-earth line. Then we 

refer to the ground magnetometer data at the low-latitude station Hermanus (geographic 

lat., -34.4
°

, long., 19.2
°

), located on the day side during the present daytime event. 

Corresponding to the steep pressure increase at 1201 UT, sudden commencement (SC) of 

the geomagnetic variation started at 1226 UT at Hermanus, which indicates a time delay of 

25 min. Dashed lines connecting the panels show the 25-min delay. 

Since magnetic noon is approximately 1015 UT at ZHS, the absorption spike event 

occurred in the post-noon sector ( 1300-1500 ML T). Unfortunately, strong impulses caused 

by the calibration signals in the riometer receivers contaminated the absorption variation 

on the most western beam (E8) every IO min. Here, we note the absorption spikes 

corresponding to the solar wind dynamic pressure pulses which sta1ted at about 1132 UT, 

1150 UT, and 1201 UT, marked by downward arrows. The absorption spikes seen in the 

eastern beams (E l -E4) around 1152 UT likely correspond to the positive swing pressure of 

about 1132 UT, followed by fluctuating absorption spikes (E3 and E4) during 1200 1210 

UT. The absorption seen only in beam E7 during 1212-1216 UT may correspond to the 

gradual step-like pressure increase at 1150 UT. The pronounced absorption spike seen in 

the east-west beams (E3--E8) near 1223 UT clearly corresponds to the steep pressure increase 

and the synchronous short-period southward IMF change at 1201 UT. The succeeding 

absorption spikes with a quasi-periodic (QP) feature seen best on beam E7 likely corre­

spond to the pressure osci I lation after the steep increase. 

Figure 4 shows time variations of the absorption in the east-west direction near the 

zenith (N4) at DMH and NY A together with those near the zenith (S4) for ZHS shown 

in Fig. 3. The intensity of absorption spikes at all three stations is mostly below I dB. The 

absorption around 1153 UT at ZHS likely corresponds to very weak absorption ( < 0.2 dB) 

seen in the E2-E6 beams at DMH (shown by broken lines). The absorption enhancement 

seen only by the E7 beam at ZHS during 1212-1216 UT is probably simultaneous with 

gradual, weaker absorption in the E2-E6 beams at NY A. By contrast, the pronounced 

absorption spike seen near 1223 UT at ZHS is clearly identical to the one at NY A (shown 

by broken lines). The absorption spike at ZHS appears one minute earlier than the one at 

NY A, and shows eastward motion. The succeeding QP absorption spikes seen best by beam 

E7 at ZHS are also clearly identical to the spikes for beam ES or E6 at NY A. 

Since during the whole study interval the sun was well below the horizon at 

Zhongshan, optical aurora observations could be made by all-sky camera. Figure 5 shows 

a time series of IRIS images of the pronounced absorption spike around 1223 UT (lower 

panel) and approximately simultaneous aurora all-sky images observed at ZHS (upper 

panel). Each absorption image shows the average during 32 s. The all-sky camera has 

panchromatic performance centred at 520 nm wavelength, and thus is most sensitive to 

green-line emissions produced at about 100 km altitude. 

It is quite clear from the absorption images that a small-scale (� JOO km) absorption 

enhancement is evident on the western side of the IRIS FOY from 1222:20 UT to 1222:52 



Conjugate IRIS observations at polar cusp/cap stations 

ABSORPTION AUGUST 3 1997 Danmarkshavn 

Ll .... -.-+.-)>��----;+,:����,:-�-+-�---� ... 

���S:ttf:r 
-:�l�--'-i:::::>�J-.,-�,�-'.?t����.��d�=� 

� _--l-_)-----��-���-/n----��---+-·,r.;.._, ___ " ____ _ : . . . . : : : : : : ! 
co � .. , .. -�,·��-· ... -w�--,.-·�J-� 1 .,,-����r'�-��v-+ 
'"' �--.:..;..._..;.__...:,__..;..;:.. _ _..;._-4...;____;------.;.J...-...:....-...:....--1-.....1-------

Iii 1,2 

Ny-Alesund 

u 112 1,3 

Zhon shan 

11 12 13 UT 

,.-
0.7 dB 

0.7 dB 
jc_ 

35 

Fig. 4. Time variations of the absorption in the east-west direction near the zenith at DMH, NYA 
and ZHS during 1100-1330 UT on August 3, 1997. The absorption unit is noted at the 
right side of the absorption variation, respectively. 

UT. Subsequently, the enhancement part moves eastward with a motion of about 3.7 km/s 
in the large-scale absorption extending exceeding 400 km in longitude and about 50 km in 
latitude. Maximum absorption ( "'0.9 dB) is found at the western part and near the zenith 
at 1 223:24 UT. Thereafter the absorption activity decreases everywhere. This dynamic 
behavior is very similar to an auroral arc both in shape and motion (upper panel). 
However, since the auroral arc is extended in longitude in the whole all-sky FOY, it is 
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AURORA IMAGES 
AUGUST 3 1997 Zhongshan 

1 2  : 22 : 30 (UT) 1 2 : 23 : 00 ( UT) 1 2  : 23 : 30 (UT) 12 : 24 : 00 (UT) 1 2 : 24: 30 (UT) 
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INTENSI'fY 

Fig. 5. A time series of images of the absorption spike (lower figure) and the corresponding aurora 
all-sky images (upper figure) at Zhongshan. Top is magnetic south (high-latitude), left is 
magnetic west. Each absorption image is the average during 32 s. The absorption intensity 
is color coded up to 1 .5 dB. The bright color spots seen at four corners in the absorption 
images are contaminated by strong radio wave interferences. 

estimated that the large-scale absorption is extended by about I 000 km in longitude. 

4. Discussion 

With regards to ionospheric signatures in high-latitudes to solar wind conditions, 
Mende et al . ( 1990) presented five magnetic impulse events observed at South Pole station 
and in the magnetically  conjugate area at lqualuit in Canada. The magnetic events 
appeared to be possible ionospheric signatures of sporadic dayside magnetic reconnection 
via flux transfer processes. Coordinated ground-based image-intensified all-sky camera data 
signified the event initiation on closed magnetic field-lines. Sibeck et al . (1989a) have 
revealed that some transient ground events with bipolar north-south magnetic field 
deflections at South Pole station are related to impulse variations in solar wind dynamic 
pressure and not necessarily to magnetic merging (reconnection) at the dayside 
magnetopause. Sibeck et al. (1989b) demonstrated a quasi-periodic feature of riometer 
absorption, geomagnetic perturbations and ELFNLF radio emissions at South Pole 
station associated with oscillations of solar wind dynamic pressure. The good correlation 
between the riometer absorptions and ELFNLF pulses has indicated that the precipitation 
mechanism involves a wave-particle interaction between the magnetospheric electrons and 
ELFNLF waves. Farrugia et al. ( 1989) demonstrated ground magnetic deflections as­
sociated with sudden changes in solar wind dynamic pressure during northward IMF. Some 
magnetic deflections showed a "ringing" of the magnetospheric cavity, while others showed 
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evident deflect ions for only the in it ial pressure pulse. Pri kry l et al. ( 1 998) showed a good 
correlat ion between quasi-periodic fluctuations in the solar wind pressure and quasi­
period ic convection flow bursts observed by the Iceland HF  radars, and also Pri kry l et al. 

( 1 999) showed a good correl ation between the riometer absorption fluctuations at G i l lam 
(""68°N) in Canada and the 3-4 min osci l l ations of the B )-component during southward 
IMF. As described above, sudden and fluctuat ing changes i n  solar wind dynamic pressure 
and IMF vari at ion do influence the dynamics of the dayside magnetosphere and thus the 
h igh-lat itude ionosphere, sign ify ing plasma convection flow bursts, ionospheric current 
perturbat ions, and ionospheric absorption i ncreases, as well as aurora act ivations. 

Fi rst we discuss a conj ugate feature of the absorption spi ke at about 1 223 UT (,...., 1 4  
M L  T at ZHS) associated with the steep solar wind pressure increase at 1 20 1  UT. Nishino 
et al. (2000) discussed the conj ugate relat ionsh ip  between the two hemispheric stations for 
the same absorpt ion with the one presented i n  this paper. They have revealed that the 
conj ugate locat ion of ZHS cannot be near 1 2  h UT under the qu iet IMF cond it ion (IMF 
B ) = B,= 0) due to open magnetic field- l i nes, as shown in Fig. 2, but could be at the 
lower-lati tude side with eastward displacement under solar wind pressure i ncrease and 
posit ive (eastward) IMF-B ) condit ions. Here we d iscuss the t ime d i fference of about I min 
between the ZHS and NY A on the absorpt ion spi ke occurrence near 1 223 UT. The IMF 
B,  changed steeply southward (peak val ue, - 4  nT) with a sh011 period (�2 min) at 1 20 1  
UT. This IMF change suggests a possi b i l i ty o f  transient magnet ic  reconnect ion i n  the lower 
latitude boundary layer (LLBL) at the duskside magnetopause. Associated with reconnec­
t ion enhancement, magnet ic compressional waves may st imulate magnetospheric electrons 
on the magnetic shel l s  ( Pri kryl et al., 1 998). If the reconnect ion occurs i n  the southern 
hemisphere, magnetospheric electrons stimu lated by the compress ional waves may precipi­
tate earl ier i nto the southern hemisphere ionosphere than into the northern hemisphere 
ionosphere: the absorption spi ke would appear earl ier at the southern hemisphere stat ion 
(Hargreaves and Chivers, 1 965). However, s i nce the B) orientat ion is eastward (duskward), 
i t  is unreasonable to predict magnetic reconnection i n  the southern hemisphere. Rather, i t  
may be reasonable to consider that the absorpt ion located in the western region out  of  the 
NY A FOY could propagate eastward and reach the NY A stat ion .  

Next we discuss plasma sources of the daytime absorption and the mechanism of 
auroral part icle preci pitation from the dayside magnetosphere. N ish ino et al. (2000) found 
absorption enhancement (� I dB) from the CANOPUS riometer chain in Canada which 
occurred precedi ng about one hour from the present absorpt ion spi ke, and inferred that a 
population of ample energetic electrons drifting eastward from substorm i nject ion i nto the 
n ightside magnetosphere would be plasma sources. Another bit of evidence is found from 
the energy-t ime spectrogram of electrons (32 eY-32 keY) on the low-alt itude DMSP sate l l i te 
( �800 km) (Newel l  and Meng, 1 988). The DMSP satel l i te passed over the no11hern part 
(�78 °N) in  Greenland at about 1 220 UT  through the northern area (�78°N) outside 
Svalbard, and observed precipitations of energetic  electron fluxes with a un iform structure 
i n  the range above 2 keV duri ng about 1 220- 1 224 UT (not shown here). Thus these 
observations confirm that plasma sources of the present dayt ime absorption spikes are 
h igh-energy magnetospheric electrons populated i n  the lower lat itude boundary layer 
( LLBL) at the duskside magnetopause. 

In order to examine the magnetic signature for the solar wind pressure variation,  we 
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show the variance of the solar wind pressure exceeding 4 nPa during 1140-1340 UT (upper 

panel) and the geomagnetic X-components at the IMAGE magnetometer chain stations 

and at Zhongshan station in Antarctica during 12-14 h UT (lower panel) in Fig. 6. The 

solar wind pressure variation is shifted by 25 min delay for the ground geomagnetic 

variation. It is found that the geomagnetic amplitude variation at ZHS is roughly similar 

to the solar wind pressure variation. It is also found that the geomagnetic amplitude 

variations are better correlated between ZHS and HOP (or BJN) than between ZHS and 

NY A (or L YR). These indicate that the conjugate magnetic signature to the solar wind 

pressure is most evident between ZHS and HOP (or BJN) in both hemispheres, which is 

consistent with the calculation that the conjugate point of ZHS would be located at 

lower-latitude than NY A under the solar wind pressure increase and eastward IMF-B,. 

Figure 6 also shows that the geomagnetic amplitude peaks at higher-latitude stations 

than BJN show a poleward progressing phase with a speed of about 2 km/s, as shown by 
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Fig. 6. The variance exceeding 4 nPa of the solar wind dynamic pressure from the WIND satellite 
(upper panel) and geomagnetic north-south (X) components at the IMAGE magnetometer 
chain stations and at Zhongshan with invariant latitudes (lower panel). The pressure 
variation is displayed by 25-min delay for the geomagnetic variation. 
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some of the broken l i nes. This feature is in agreement with the vari ation of the geomagnet ic 
X -components from five h igh-lat i tude stations (68 . 1 ° -75.2°), wh ich was indicated as a 
magnet ic s ignature due to the magnetopause motion associated with the solar wind ram 
pressure ( Farrugia et al., 1 989). Prik ryl et al. ( 1 998) also showed a poleward progressi ng 
phase of the geomagnetic X -components from the magnetometer chain on the west coast 
of Greenland, wh ich was associated with the sudden southward IMF  change. They have 
revealed that the poleward progressing is typical of field l ine resonance ( FLR) in the outer 
magnetosphere. Although the phase relation between the X -components at ZHS and HOP 
shows a 2--3 min delay i n  Fig. 6, i t  shows near phase agreement between the Y-components 
at both stations (not shown here). This ind icates that the FLR is not determined for the 
fundamental mode (odd mode) or for the even mode; that is, the two phase relations may 
be a complicated combi nat ion of the FLR effect with the inducti ve effect of the ionospheric 
current caused by the enhanced conductivity due to auroral part icle precipitations. Further 
detai led analysis of the phase relat ion is required . 

From the Polar Patrol Bal loon experiments near Syowa Station ( L�6 ), Antarct ica, 
H i rashima et al. ( 1 999) have revealed that compressional MHD waves can produce 
whistler waves in the outer magnetosphere through electron cyclotron resonance, and result 
in the identification of pulsat ing X-rays, Pc5 range U L F  pulsations and VLF  emissions. 
The s imultaneous identification between riometer absorpt ion and ELF/VLF waves at 
South Pole stat ion associated with osci l lat ions of the solar wind pressure may indicate that 
the compressional mode waves would scatter magnetospheric electrons populating i n  the 
outer magnetosphere (Sibeck et al., 1 989b). Since we have no V L F  emission or X-ray data 
at either hemispheric station, we cannot defin itely ru le out the mechan ism of pitch angle 
d iffusion through electron cyclotron resonance. 

However, from stat istical analysis of the ground IR IS  observations at Sondre Strom­
fjord (73.7 ° i nv. lat .) i n  Greenland, Staun ing and Rosenberg ( 1 996) have revealed that the 
high-latitude daytime absorpt ion spikes, typical ly 0.2-0.3 dB at 38 M Hz with spatial extent 
of 50- 1 00 km, are related to the sudden precipitat ion of h igh-energy (30-300 keV) 
magnetospheric electrons, and may be generated at or a few degrees equatorward of the 
convect ion reversal boundary, due to upward region- I FAC intensification in the afternoon 
convection cel l, although they could not determi ne a defin ite relationsh i p  between the 
dayt ime absorption spi ke events and the solar wind condit ions. Sandholt et al. ( 1 996) have 
revealed that the transient form with strong green-l ine emissions at the equatorward 
boundary of the preexi st ing aurora may be explained by the generation of strong, local ized 
field-aligned currents associated with the conversion of a compressional wave i nto the 
Alfven mode at the location of a gradient in the plasma density at the i nner edge of the 
L LBL. Thus i t  is reasonable to consider that the smal l-scale enhancement of the absorption 
showing eastward travel in  the l arge-scale absorpt ion shown in Fig. 5 would be caused by 
local ized energetic electron precipitat ion due to the formation of field-al igned potential 
drop between the outer magnetosphere and polar cleft ionosphere. 

5. Concluding remarks 

We present a post-noon absorpt ion spike event observed by the h igh-latitude IRIS 
stations in  both the northern and southern hemispheres. Particu larly, we examined the 
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conjugate feature of the absorption spike associ ated with the steep i ncrease of so lar wind 
pressure and the synchronous southward IMF change, and d iscussed the mechan i sm of the 
energetic particle precipitations including plasma sources. The following conclud ing 
remarks emerged from this case study. 
I )  The post-noon absorption spikes with a quasi-periodic feature observed between the 

conjugate IRIS stat ions in both the no11hern and southern hemi spheres showed the 
conjugate ionospheric s ignature on closed magnetic field- l ines. 

2) The absorption spi ke showed the small-scale feature with the fast eastward motion i n  the 
large-scale absorption extend ing by about 1 000 km in longitude and about 50 km in  
lat it ude. 

3) Magnetic compressional waves driven by the solar wind pressure pulses could st imulate 
magnetospheric electrons populating in the outer magnetosphere, and the electrons could 
be precipi tated i nto the cleft ionosphere due to intensification of the strong, localized 
upward region- I F AC. 
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