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2003. GPS TEC mapping observed the rapid enhance-
ment of the EA and the formation of a concentration
of enhanced plasma in the Carribean sector. This co-
rotating enhancement provided a continuing a source
for the dusk-sector plasmaspheric drainage plume. The
down-looking IMAGE FUV instrument can map en-
hancements in the equatorial emissions associated with
the EA and observed the spatial extent and evolution
of the co-rotating low-latitude ionospheric features in
the American sector during this event. Simultaneous
DMSP overflights provide in situ observations of top-
side plasma density at 880 km altitude. Pixel by pixel
intercomparison of GPS TEC maps with the FUV ob-
servations determine the sensitivity characteristics of
the FUV instrument for such studies (features with >
60 TECu are well imaged by the FUV instrument).
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A sensitive low frequency radio telescope array in-
troduces a new generation digital aperture synthesis in-
terferometer. A possible design could cover the 80-240
MHz frequency range and provide up to 32 MHz of ob-
servation bandwidth. Groups of orthogonal dipoles will
serve as receptors and the collecting area will be dis-
tributed in a centrally condensed manner. The instru-
ment will be optimised for high dynamic range snap
shot imaging. The conversion of the receptor signal
to the digital domain at the earliest available oppor-
tunity makes it possible to form multiple independent
beams simultaneously. The current design allows up
to 8 beams using the entire collecting area of the ar-
ray and 256 beams per polarisation using only the part
of the array lying within the central 2 km of the array
(core). The instrument will also feature an All Sky Moni-
tor, which will use the array core and will provide an im-
age the entire field of view about every second. These
unprecedented capabilities makes the instrument very
effective for a variety of solar and heliospheric stud-
ies, in addition to its astronomical and astrophysical
objectives. The high dynamic range imaging capabil-
ity of the instrument makes it very useful for imaging
the Sun. Due to steep spectral nature of the emission
and the low frequencies of observation the instrument,
it will be able to image the emission from the CMEs to
distances beyond the fields of view of existing corono-
graphs. When the CMEs become too faint to be imaged
directly, interplanetary scintillation (IPS) techniques
can be used to study them, allowing their evolution to
be tracked till beyond 1 AU. The large multi- beaming
capability of the array core makes it very attractive for
IPS tomographic reconstruction of the velocity struc-
ture of the entire inner heliosphere. The full polarisa-
tion capability of the instrument allows us to exploit
the effect of Faraday rotation (FR) to study the dis-
tribution of magnetic field and electron density along
lines of sights to distant polarised sources. IPS and
FR studies will yield information about both the qui-
escent and transient heliosphere. The use of IPS and
FR data-sets from this instrument along with data from
Thompson scattering imagers like SMEI and STEREO
will provide much more complete information about the
heliosphere. These data-sets when combined with good
MHD solar wind propagation models will provide the
opportunity for a tomographic reconstruction of the ve-
locity, density, turbulence structure and magnetic field
in the heliosphere. A very useful by-product of the cal-
ibration of this instrument will be exquisitely detailed
information about the total electron content (TEC) of
the ionosphere at the telescope site. The instrument
will have about 5000 lines of sight piercing the iono-
sphere over a radius of 400 km, providing a very fine
spatial sampling of the ionosphere. This information
can be used to construct for the first time a 4D (3 spa-
tial and 1 temporal) TEC model of the ionosphere at
these spatial scales.
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Syowa Station in Antarctica and Japanese stations
in Iceland provide an ideal set of observatories to study
geomagnetically conjugate optical auroras. A cam-
paign of auroral conjugate observations using all-sky
TV cameras has been carried out since 1984 during
the equinox periods when simultaneous optical obser-
vations are possible under enough darkness in both
hemispheres. In this paper we will briefly review these
conjugate auroral observations and give an outline of
what we have learned regarding asymmetries, and to
what extent these are controlled by the IMF or magne-
tospheric internal causes. Then we will focus on the
examples of conjugacy and non-conjugacy of auroral
breakup phenomena, which have been recorded dur-
ing the last few years. An excellent conjugate event,
which occurred on 26 September 2003, showed that
the evolution of an auroral substorm from the growth
phase through expansion phase to recovery phase was
observed at the conjugate-pair observatories. Auroral
breakup occurred at lower latitudes, and then the ac-
tive auroral region expanded rapidly poleward. After-
wards, north-south (N-S) structured auroral forms ap-
peared from higher latitudes and extended to lower lat-
itudes several times. The sequence was concluded by
N-S structured pulsating auroras. This excellent conju-
gate event allowed us to trace the conjugate point with
high time- and spatial resolution. On the other hand,
three non-conjugate auroral breakup events we exam-
ined showed that the start time of the auroral breakup
(sudden luminosity enhancement and followed by pole-
ward expansion) and the shape of the auroral forms
were completely different in the conjugate hemispheres.
During two of the three events, the poleward expansion
started earlier at Syowa than that at the observatory
in Iceland, but for one event the opposite was true. We
will discuss these features in order to clarify how the
IMF parameters and/or ionosphere-magnetosphere cou-
pling processes control the conjugacy or non-conjugacy
of auroral breakup.
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Empirical magnetospheric magnetic field models are
natural tools for studying the geomagnetic conjugacy,
since they are based on large amounts of spacecraft
data and, by their construction, are supposed to faith-
fully represent the actual magnetospheric geometry as a
function of the geomagnetic disturbance and character-
istics of the incoming solar wind, as well as its asymme-
try due to seasonal and diurnal changes of the Earth’s
dipole tilt. The very notion of geomagnetic conjugacy
makes sense only for closed magnetic field lines, whose
footpoints lie equatorward from the poleward boundary
of the auroral oval. On the other hand, the field lines
originating progressively equatorward from the auroral
zone, map into the inner magnetosphere, where the to-
tal field rapidly increases earthward and becomes essen-
tially dipolar, so that the location of conjugate points
in that region is virtually unaffected by the external
factors and the dipole tilt. Therefore, when studying
the conjugacy, our region of interest is limited within
a relatively narrow interval of geomagnetic latitudes.
During strong geomagnetic storms, the combined effect
of the increase of the ring and tail currents can result in
a dramatic deformation of the previosly quasi-dipolar
nightside magnetic field, so that the tail-like stretch of
the field lines (and, hence, the amplitude of the conju-
gate footpoint shift) can greatly increase and penetrate

deeper into the inner magnetosphere. Another storm-
time effect, distinctly revealed by the models, is the de-
velopment of a strong partial ring current on the dusk
side, manifested in a remarkable dawn-dusk asymme-
try of the magnetic field depression at low latitudes.
Finally, empirical models persistently indicate a signif-
icant penetrated component of the IMF inside the mag-
netosphere. All these factors can affect the location of
conjugate points, and it is the purpose of this talk to
present a survey of most important effects.
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Based on simultaneous imaging data from IMAGE
and Polar, we examine the IMF control of the occur-
rence and location of auroral features in the conju-
gate hemispheres. The imaging data have revealed that
transpolar arcs during northward IMF can exist in one
hemisphere but not in the other and we have attributed
this to the sign of the IMF Bx component, which con-
trols in which hemisphere lobe reconnection is most ef-
ficient. Examining auroral substorm onsets in the con-
jugate hemispheres, we have found that the onset lo-
cations are systematically displaced in one hemisphere
compared to the other, meaning they have different ge-
omagnetic coordinates (e.g., apex, CGM). Our results
indicate that the relative displacement of onset loca-
tions in the conjugate hemispheres is controlled by the
IMF clock-angle. These findings are used to examine
how well these asymmetries in the nightside magneto-
sphere are included in existing magnetic field models.
In this paper conjugate observations of dayside cusp
precipitation during northward IMF will be presented
and examined as well.
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Most studies of the solar wind-magnetosphere-
ionosphere system assume that the northern and south-
ern auroral ovals are symmetric. However, evidence has
been steadily accumulating for interhemispheric differ-
ences in the nature of the northern and southern au-
roras at magnetically conjugate locations. From late
September to early November of the years 2000-2003,
the apogee for the Polar spacecraft was located at ∼9
RE near the equator with a local time in the pre-
midnight magnetotail. From this vantage point, the far
ultraviolet sensitive Earth Camera of the Polar/Visible
Imaging System (Polar/VIS) acquired simultaneously
(in a single image frame) observations of magnetically
conjugate northern and southern auroral locations for
most of the nighttime sector. The image frame cadence
was 54 s. These conjugate observations have the advan-
tage of being acquired from a similar perspective with
a single camera, a single bandpass sensitivity, and ex-
actly simultaneous timing. The altitude of Polar was
sufficiently high to allow determination of the latitudi-
nal distribution of auroral luminosities at a spatial res-
olution of ∼150 to 200 km. The timings, motions, and
auroral locations of several events will be presented.
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During 2003, the IMAGE orbit has evolved such
that the orbit perigee has passed across the equator
from south to north. This orbital configuration has
provided opportunities to view low altitude ENA emis-
sions sequentially in the northern, and then southern
hemispheres from intermediate to low altitudes. At
these times, structured ENA emission signatures are
observed. These signatures are peaked in invariant lat-
itude. Their distribution in magnetic local time seems
to depend both on the instantaneous viewing geometry
and on the current state of geophysical activity (i.e.:
storm phase). Operating under the assumption that
these low altitude emissions emanate from the Oxy-
gen exobase at an altitude near 650 km, we look at
their spatial distribution, with a focus on comparison of
near simultaneous observations from the northern and
southern hemispheres.
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The Assimilative Mapping of Ionospheric Electro-
dynamics (AMIE) procedure has proved to be a very
useful tool to estimate the large-scale instantaneous
patterns of ionospheric conductance, electric potential,
and other related quantities by combining simultane-
ous measurements from satellites, radars, and ground
magnetometers. In this paper we apply the AMIE pro-
cedure to investigate the conjugacy of the large-scale
high-latitude ionospheric convection and field-aligned
current patterns between the northern and southern
hemispheres under various solar wind and IMF con-
ditions. The different magnetospheric drivers for the
convective flows and their quantitative contributions to
the total cross-polar-cap potential drop will be exam-
ined. We also investigate the possible seasonal effects
on such interhemispheric conjugacy.
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As the orbit of the Polar spacecraft has precessed
over time, the VIS Earth camera has been able to cap-
ture simultaneous images of the aurora in both the

northern and southern hemispheres. The angular res-
olution of these images is sufficient to be able to de-
termine the accurate location and intensity of the two
ovals. Preliminary studies have revealed that while the
auroras seem to be mirror images of one another on a
broad scale, there are a number of fine scale features
which are not conjugate in both hemispheres. The map-
ping of the auroras has revealed that there are longitu-
dinal differences in the onset locations. In this paper,
we use the radars of the northern and southern Super-
DARN network to investigate whether the convection
patterns match the longitudinal differences in the on-
set locations of the auroral features in the two hemi-
spheres. Differences in the auroral intensity detected
in the two hemispheres were found and we determined
their association with the electric field strength and
convection speeds. The IMF data were studied to de-
termine if these hemispheric asymmetries were due to
variations in the IMF direction
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We present observations of magnetic perturbations
due to Birkeland currents from the Iridium constella-
tion of satellites. The Iridium constellation consists
of 70 satellites in 780 km circular polar orbits config-
ured in six orbit planes spaced equally in longitude.
The constellation therefore provides global coverage in
both the northern and southern hemispheres. Engineer-
ing magnetometer data are used to study two aspects
of hemispheric differences in Birkeland currents. Us-
ing key parameters statistics of the perturbations for
2000, 2001 and 2002 we first study the seasonal and
diurnal variation of currents by comparing the ratio of
perturbations between the north and south. These re-
sults show clear seasonal and diurnal variations in the
relative current with approximately equal magnitude,
amounting to a variation in relative current of a fac-
tor of two for each of seasonal and diurnal effects. The
seasonal and diurnal amplitude as well as the seasonal
variation of the diurnal currents are explained by varia-
tions in Pedersen conductivity due to solar EUV, auro-
ral precipitation, and structure in Earth’s main field at
auroral latitudes. These results show that comparisons
of Birkeland current intensities must properly account
for differences in conductivity. We then examine the
distribution of Birkeland currents for specific events for
a range of IMF orientations. The dayside distribution
is determined principally by the IMF. The northern
and southern hemisphere distributions display mirror
symmetry about the noon-midnight meridian, consis-
tent with a reconnection driven dynamo. This symme-
try is broken somewhat by the day-night gradient in
Pedersen conductivity which favors (inhibits) current
for dusk-to-dawn (dawn-to-dusk) convection at noon.
In contrast to the dayside, currents at night have the
same distribution in magnetic coordinates in the north-
ern and southern hemispheres.
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Auroral electron acceleration is closely related
to upward-flowing field-aligned currents (FACs), and
therefore interhemispherical comparison of FACs
should provide important clues for understanding (the
lack of) auroral conjugacy. In the present study we
statistically examine the seasonal dependence of large-
scale FACs. We previously developed an automatic pro-
cedure to identify the structures of large-scale FACs
[Higuchi and Ohtani, JGR, 105, 25,305, 2000], and the
present study is based on 185,000 FAC crossings we
identified by applying this procedure to magnetometer
data from the DMSP-F7 and F12-15 spacecraft. The
result confirms that the dayside FAC tends to be more
intense in the summer hemisphere and weaker in the

winter hemisphere showing annual variations of its in-
tensity. It is also found that the average latitude of
midday FAC systems is higher in summer than in win-
ter; the difference can reach as much as 5 degrees at
solstices. This displacement can be explained in terms
of asymmetric magnetospheric configurations. The de-
gree of the winter-summer asymmetry diminishes away
from the midday sector. On the nightside, the average
FAC intensity tends to be larger around equninoxes and
smaller around solstices, which is consistent with the
well-known semiannual variations of geomagnetic ac-
tivity. It is therefore concluded that the primary cause
of the seasonal variation of large-scale FACs depends
on local time. It is the ionospheric conductance ow-
ing to the solar illumination for dayside FAC systems,
whereas for nightside FAC systems, it is the efficiency
of energy coupling between the solar wind and the mag-
netosphere.
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The hypothesis that ionospheric conductivity plays
a major role in the global-scale dynamics of the au-
rora is further evaluated in this study. The rate
of energy deposition by electron precipitation (hemi-
spheric power), substorm expansion and recovery time
scales, and the total electron energy input to the
ionosphere/thermosphere during auroral intensifica-
tions are computed for over three hundred substorms
observed by the Polar Ultraviolet Imager (UVI) in the
northern hemisphere. Each substorm parameter is then
sorted according to season. Substorm intensity, mea-
sured by the peak hemispheric power for each sub-
storm, is greatest during the equinoxes but otherwise
showed only minor seasonal variation. Substorm ex-
pansion time scales are shortest during the summer but
also do not exhibit significant seasonal variations. On
the other hand, the substorm recovery times are well
ordered by whether or not the nightside auroral re-
gion is sunlit: substorms occurring in the winter and
equinox periods have similar recovery time scales which
are both roughly a factor of two longer than that for
summer when the auroral oval is sunlit. These results
strongly suggest that simultaneous auroral intensifica-
tions in the northern and southern hemispheres develop
differently during solstitial conditions. We expect the
auroral breakup in the dark (winter) hemisphere to be
more intense and longer lived than that observed in
the sunlit (summer) hemisphere. This also implies that
more energy is deposited by electron precipitation in
the winter hemisphere than in the summer one during a
substorm. Conjugate auroral substorm observations by
Polar UVI and the IMAGE FUV instrument are used
to confirm this behavior. The observed hemispheric
asymmetry and non-conjugacy of auroral substorms is
consistent with the suppression of discrete aurora in
sunlight and highlights the importance of this effect in
magnetosphere-ionosphere coupling.


