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During magnetospheric substorms, auroras and related ion-
sopheric phenomena can extend to very high geomagnetic lati-
tudes (Xm 800) on the nightside of the Earth. Accompanying
the ionospheric manifestations of substorms are plasma, ener-
getic particle, and magnetic field variations throughout the
magnetosphere. In particular, profound changes occur in the
magnetic field configuration and in the energy and flow of
plasma in the magnetotail.

The dynamics of magnetotail plasmas and the relationship to
substorm evolution are controversial topics. Currently, there

are two competing models which describe the phenomenology
in vastly different terms: the neutral-line model (Hones 1979)
and the boundary-layer model (Eastman et al. 1984). In an effort
to evaluate the relative merits of these models, we have begun to
examine relationships among high-latitude auroral phe-
nomena, substorm phase, and the behavior of magnetotail plas-
mas, using data from the extensive suite of auroral and
ionosphere monitoring instrumentation at the South Pole. By
virtue of its geomagnetic latitude (Xm 75°), the South Pole
experiences nightside auroral activity sometime after the onset
of the substorm expansion phase, which is first observed to
occur at lower latitude (Xm 67°) in the auroral oval (Akasofu
1977).

A characteristic feature of nightside auroral activity as viewed
from the South Pole is the rapid poleward movement of auroral
arcs. A typical example is shown in figure 1. In these all-sky
camera (ASc) snapshots, taken 1 minute apart, multiple auroral
arcs are seen to move nearly overhead from the equatorward
horizon (Xm 70°) within 4 minutes, corresponding to a pole-
ward velocity of approximately 2 kilometers per second. Subse-
quent ASC photos showed that the intensity and poleward ex-
tent of the aurora remained approximately the same until about

South Pole, June 18, 1983, day 169

Figure 1. All-sky photographs of aurora at South Pole. Time is given in universal time and corresponds to a local geomagnetic time of
approximately 1830. The direction of the south magnetic pole is indicated by the "S."
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2149 universal time; thereafter, the auroral forms slowly re-
ceded equatorward. The ionospheric data for an extended inter-
val surrounding this poleward auroral surge are shown in figure
2. Energetic electron precipitation was recorded by the riometer
and photometer beginning approximately 2143 universal time
when the auroral arcs first entered the instrument fields of view
(the photometer in the 15 minutes before this time records
scattered auroral light from outside its field of view). This initial
precipitation event ended by 2150 universal time as the auroral
arcs moved equatorward. Following the recovery, a second
event (not discussed here) began at 2205 universal time.
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Figure 2. Ionospheric data obtained at South Pole. The 600 fields of
view of the riometer and photometer, projected to 100-kilometer
altitude, cover a circle three-eighths the diameter of the all-sky
camera image in figure 1. ("UT" denotes "universal time:' "MHz"
denotes "megahertz:' "nm" denotes "nanometers:' "nT" denotes
"nanoteslas." "kR" denotes "Kilo Rayleighs." "dB" denotes
"decibels:')

The precipitation spike at 2145 universal time occurred simul-
taneously with the intensification and poleward movement of
westward current flow at approximately 100 kilometer altitude
in the ionosphere (as inferred from the geomagnetic north-
south (H) and vertical (Z) ground magnetic variations; D meas-
ures the east-west component). The centroid of the current
remained equatorward of South Pole in agreement with the
maximum poleward extent of the aurora. Quite often, however,
the poleward surge of auroral and electrojet activity will extend
well beyond the South Pole.

A measure of the intensity of global magnetic substorm ac-
tivity surrounding this event is given by the AL (westward
electroject current) index in the bottom panel of figure 2. Indi-
cated by the arrow is the expansion phase onset of the sub-
storm. Note that there is a delay of 40 to 45 minutes between
substorm onset and the initial surge observed at the South Pole.
Time delays of 30 to 60 minutes are common in such events.
Figure 3 presents a superposed epoch analysis of the AL index

for 87 South Pole surge events that occurred in the 0030 to 0630
universal time sector (± 3 hours of local magnetic midnight)
between January and August of 1983. The superposition, cen-
tered on the South Pole times of maximum riometer absorption
(T = 0), shows that the events occur near the peak of substorm
activity and the beginning of the recovery phase, approximately
1 hour after the start of auroral zone disturbances.
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Figure 3. Superposed epoch analysis of the westward auroral elec-
trojet index AL. "T = 0" corresponds to the maximum epoch of 87
South Pole surge events recorded by 30 megahertz riometer in the
0030 to 0630 universal time sector from January through July 1983.

This is the same relationship found by Hones, Pytte, and
West (1984) between the AL index and plasma sheet recoveries
at approximately 15 Earth radii in the magnetotail (see their
figure 3). These statistical analyses, as well as detailed examina-
tions of individual events (unpublished data), thus support a
close association between the poleward surge of auroral activity
over the South Pole and expansion of the magnetotail plasma
sheet. These results generally appear to support the substorm
model of Hones (1979) which associates a poleward leap of the
auroral electrojet with the tailward retreat of near-Earth neutral
line in the late phase of substorms.
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