
Figure 1. A three-panel spectrogram of magnetometer and VLF data from South Pole Station
for 3 October 1988. The top panel is XBB (north-south component of the magnetic field). The
middle panel is VLF1 (500 to 1,000 Hz) and the bottom panel is VLF2 (1,000 to 2,000 Hz).
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variety of naturally occurring very-low-frequency (VLF)
adio emissions occur in the Earth's ionosphere and mag-

netosphere. The occurrence of these emissions and their
characteristics are understood to be useful diagnostics of
processes in the Earth's space environment. At high latitudes,
radio emissions with frequencies ranging from approximately
500 to approximately 2,000 hertz (Hz) are often found to be
modulated quasiperiodically at much lower frequencies near
approximately 0.03 Hz in the ultra-low-frequency (ULF) range
(Helliwell 1965; Morrison et al. 1994). Using 1988 data from
Amundsen-Scott South Pole Station, Antarctica, we have
found seasonal variations in the radio frequency of these
"quasiperiodic" or QP emissions that provide information
about processes in a high-latitude region of the Earth's outer
magnetosphere that has seldom been explored by spacecraft.
QP events were observed throughout the year in two radio
passbands, 500 to 1,000 Hz (VLF1) and 1,000 to 2,000 Hz
(VLF2). Variations in the geomagnetic field at the same ULF
frequencies were also observed by search-coil magnetome-
ters.

Figure 1 shows a spectrogram of magnetic field and mod-
ulated radio emissions from 3 October 1988. The horizontal
and vertical axes are the same for all panels. The horizontal
axis ranges from 10:00 to 20:00 universal time (UT) with local

magnetic noon (the time when the magnetic field maps to the
subsolar point) at 15:30 UT. The vertical axis—the frequency
of oscillation—ranges from 0 to 500 millihertz (mHz). Wave
power is indicated on a logarithmic scale with the light tones
being more intense. The top panel, XBB, shows search-coil
magnetometer data and is used to identify ULF magnetic pul-
sation events, which appear as narrow bands at approximate-
ly 0.03 Hz. These are waves in the magnetic field presumably
caused by plasma interactions between the solar wind and
the Earth's magnetic field. The lower two panels show the
modulation spectrum of the VLF1 and VLF2 signals. QP
events form the narrow horizontal lines in the VLF compo-
nents, also near 0.03 Hz.

The QP events we studied fell mainly into two categories:
Ml events occur when the VLF1 signal is modulated at the
same frequency as the local magnetic field oscillations, and
M12 events occur when VLF1 and VLF2 channels both show
the same modulation. Figure 1 shows examples of an Ml event
from 14:00 UT to 18:00 UT, with narrow band signals of the
same frequency in VLF1 and XBB, and of an M12 event from
18:00 to 19:00 UT, with narrow band signals in all three panels.

A statistical survey of all available data during 1988 (the
first 10 months), based on spectrograms similar to figure 1,
indicated that ULF magnetic variations near 0.03 Hz occurred

at a roughly constant rate throughout the
year, with peak occurrences near local
noon, but also revealed significant season-
al variations in QP events. Figure 2 shows
the occurrences by month of Ml and M12
events. There is a peak in combined occur-
rence near both equinoxes, but note also
that the relative number of Ml events
increased significantly in the late summer
and autumn. This increase indicates a
drop in the frequency of the modulated
radio waves during these months.

The carrier frequency of the modulat-
ed emissions is expected to be determined
by the magnetic field strength in the region
where these radio waves are generated, by
means of cyclotron instabilities of elec-
trons gyrating around the magnetic field.
We used this expectation, along with mod-
els of the Earth's magnetic field, to infer
the source of these QP emissions.

It is known that the pressure of the
solar wind against the Earth's magneto-
sphere distorts ,it and, in particular forms
regions of minimum field far from the
equatorial plane at high latitudes (Tsyga-
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Figure 2. A summary plot of total number of QP events separated by
type for each month of 1988.

nenko 1991). A combination of the effects of the seasonal tilt
of the Earth's axis of rotation (causing a north-south asymme-
try strongest in the Southern Hemisphere at June solstice)
and of the inclination of the Earth's magnetic field with
respect to the interplanetary field (which is strongest in spring
and autumn) causes variations in the strength of the southern
minimum field regions. These variations would produce the
observed QP frequency variations, which are based on the
same geometrical effects used by Russell and McPherron

(1973) to address seasonal variations in substorm activity but
for opposite polarity of the interplanetary magnetic field. The
model developed in this earlier study also predicts a weaker
minimum field near 15:00 UT, the time when South Pole Sta-
tion is near local noon and thus positioned to observe QP
events, in late summer and early autumn, again in agreement
with these observations. Although most magnetospheric
wave-generation processes had been assumed to take place at
the equator, this study indicates the importance of off-equa-
torial wave sources in the outer dayside magnetosphere.

This work is being carried out in cooperation with Roger
Arnoldy of the University of New Hampshire, Keith Morrison
of the British Antarctic Survey, and Umran man of Stanford
University. This research was supported by National Science
Foundation grant OPP 92-17024 to the University of New
Hampshire and by subcontract to Augsburg College.
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Observations and model studies of episodic events over the
south polar plateau
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D
uring the calendar year 1993, in situ measurements of
winds, atmospheric and snow temperatures, and radia-

tion components were made by University of California at
Davis researchers at Amundsen-Scott Station. As part of the
same project, ground-based remote-sensing techniques were
employed to measure vertical profiles of temperature and wind
by cooperators from the National Oceanic and Atmospheric
Administration! Environmental Research Laboratory's Envi-
ronmental Technology Laboratory (cf. Neff, Antarctic Journal,
in this issue). These data were collected to identify and charac-
terize the evolution of the atmospheric boundary layer during
periods of significant warming near the ground. The University
of California at Davis effort was two pronged: to take measure-
ments near the snow surface and to develop a regional scale
atmospheric flow model featuring high resolution in the
boundary layer. Four automatic weather stations were
deployed by the University of Wisconsin group 100 kilometers
from the South Pole, one each on the 0, 90, 180, and -90 merid-

ians. Data from these stations provide boundary conditions on
surface wind, temperature, and pressure gradients for model
applications, and they define the mesoscale environment in
which the measurements at South Pole were made.

High-resolution radiosonde data are also available
throughout the year at the station. These data are extremely
valuable to describe the conditions through a deep layer of
the atmosphere, especially the temperature and water-vapor
distribution crucial for the computation of longwave radiative
fluxes. The lower part of the radiosonde profiles is an impor-
tant means of assessing the quality of the remotely sensed
data. For at least several months of 1993, a laser ceiliometer
was operating. The ceiliometer provides additional informa -
tion on the presence, density, and altitudes of clouds.

Smoothed daily averages of temperature, wind speed, and
radiation components are plotted in the figure. Most of the
instrumentation worked well most of the time, but the net
radiometer data were lost for two periods: a short period
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