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We have constructed instruments to measure the atmos-
pheric conduction current and the atmospheric electric field;
two fundamental parameters of the global-electric circuit. The
instruments were deployed at the Amundsen-Scott South Pole
Station in January 1991 as described in a separate paper (Byrne
et al., Antarctic Journal, this issue).

The air-Earth current is associated with the potential differ-
ence between the Earth's surface and the upper atmosphere.
According to classical theory, the primary generator of this
potential difference at low latitudes is the collective action of
thunderstorms over the entire globe (Israel 1973). Thunder-
storms charge the upper atmosphere globally to a potential on
the order of + 300 kilovolts with respect to the surface. Mea-
surements have indicated that the potential varies on time
scales from minutes to seasonal, but that at any given time, the
potential is approximately the same at all locations globally
(Norville and Holzworth 1987), except at high latitudes.

At high latitudes, a secondary generator is driven by the
interaction of the solar wind with the geomagnetic field (Park
1976), resulting in a potential across the polar caps. The cross-
polar-cap potential may vary from 30 to 100 kilovolts, depend-
ing on the states of the magnetosphere and solar wind. At high
latitudes, therefore, the potential of the upper atmosphere is a
superposition of the cross-polar-cap potential and the global
potential, so that the vertical current density will respond to a

mixture of lower atmospheric and magnetospheric influences.
The effect of different sources of upper atmospheric potential
at high latitudes can be isolated by use of current density data
from a network of sites within the polar cap to take "snapshots"
of the polar cap potential. These snapshots are a primary long-
term goal of the research in Antarctica described in this article.
It will be possible to make these snapshot measurements only
if local effects due to processes in the planetary boundary layer
(Hoppel, Anderson, and Willett 1986) and biases arising from
atmosphere-instrument interactions are negligible much of the
time.

To verify the feasibility of our approach, we constructed two
identical arrays of instruments (arrays 1 and 2) in the vicinity
of the South Pole Station as described by Byrne et al. (Antarctic
Journal, this issue). Each of the arrays consists of three major
components: an atmospheric current sensor, an electric field
sensor, and a data processing/power supply unit. Array 2 is
located closest to the station in the middle of the science quad-
rant. Array 1 is approximately 600 meters away from array 2.

This article will present the data from the 3 days recorded by
the field team, 15-17 January 1992. Figure 1 shows an overview
of 506-seconds averages of the data. The top panel shows the
electric field and the bottom panel shows the current from both
arrays. All instrumentally valid data are shown, but the data
have not been edited to remove periods of inclement weather.

The surface weather conditions during this 3-day interval
were quite varied. On 15 January 1991, the sky was completely
overcast by nimbostratus clouds at 250 meters from 0000 to
0900 universal time, with winds 4-10 knots. Light snow fell
from the start of the day until 1500. From 0900 to 2000 universal
time, there were broken altocumulus at 500-700 meters, with
0 to 5 knot winds. From 2000 universal time, 15 January to 1000
universal time, 16 January, there were scattered cirrus at 1,500
meters, with 5 to 8 knot winds. From 1000 to 1700 universal
time, the weather was clear with 11 knot winds. From 1700
universal time, 16 January to 0200 universal time on 17 January,
the weather worsened steadily, with low-lying altostratus
clouds moving in to produce fully overcast conditions with light
snowfall at 0200. The weather began to improve at 0500, with
the overcast conditions giving way to scattered cirrus at 1,500
meters by 0800. Winds remained in the 6 to 10 knot range. The
sky was clear from 1000 to 1600, with 13-15 knot winds. At 1600
universal time, scattered cirrus at 1,500 meters appeared and
remained for the rest of the day. Surface winds remained 13-
15 knots.

Portions of figure 1 contain data that have been seriously
perturbed by inclement weather. Inspection of the figure shows
intervals where the variance of the data is large and where there
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Figure 1. Data taken during the 15 through 17 January 1991 interval
are plotted as a function of universal time. The top panel shows
506-second averages of the electric field data from both arrays,
with array 1 (the array farther from the station) plotted as solid
lines and array 2 plotted as dashed lines. The bottom panel shows
the current density data. Positive values correspond to downward
fields and currents, the fair-weather direction. (V m' denotes
volts per meter. A rn- 2 denotes amps per square meter. UT denotes
universal time.)

was highly variable disagreement between the two arrays (dc
offsets will be discussed below). The intervals from 0000 to
approximately 1500 universal time on 15 January and from 0100
to 0600 on 17 January were periods of both snowfall and per-
turbed data. As expected, it appears that the snow grains were
charged, producing serious perturbations. On the other hand,
the data appear unperturbed for the rest of the period shown.
Thus, it appears that scattered high-altitude clouds and winds
as high as 15 knots are not problems for the measurement.

The valid data in figure 1 show a number of interesting fea-
tures. First, both the current and the electric field show a clear
diurnal variation consistent with the well-known Carnegie
curve (Parkinson and Torrenson 1931). It is interesting to note
that the field maximum each day occurred at 1400 universal
time, in contrast to the 1800 universal time maximum usually
found during Northern Hemisphere summer. A maximum at
1400 is consistent with a lack of thunderstorm activity in North
America and strong thunderstorm activity in east Africa and
Brazil, which is expected in January.

A second feature of major interest is the general agreement
between the data from the two arrays. Figure 1 shows conclu-

sively that local effects do not obscure signals of global origin
as long as it is not actually snowing.

On the other hand, there are two disagreements between the
data from the two arrays that need to be discussed. There is
an apparent offset between the values measured by the two
arrays in both data sets. Throughout electric field data and in
the current data after 1200 on 16 January, this offset corre-
sponds to a constant ratio between the two signals of 1.039,
with array 1 giving the larger values. We attribute this constant
difference to the presence near array 2 (approximately 100 me-
ters away) of the geodesic dome of the station, a meteorological
instrument tower, and a radio antenna tower. Before 1200 on
16 January, the current meter at array 1 measured a higher
current than array 2 whereas the field meters agreed. This
discrepancy appears to be a warm-up transient, possibly as-
sociated with the last cleaning of the insulators, which was
done in the field at low temperature. Judging from the inferred
conductivity data, we determined that array 2 had shown the
same effect earlier.

The data are shown in successively finer detail in figures 2
and 3. Figure 2 is a three panel figure showing 252-second

Figure 2. The top two panels show 256-second averages of the
same data as in figure 1 for the 36-hour interval starting at 1200
universal time on 16 January 1991. The third panel shows the at-
mospheric conductivity interred from the data in the top two
panels. (V m 1 denotes volts per meter. A rn 2 denotes amps per
square meter. mho m 1 denotes milliohms per meter. UT denotes
universal time.)
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Figure 3. Detail of figure 2 showing the 10-hour interval starting at
1000 universal time on 17 January. The top panel shows 70-second
averages and the lower two panels show 128-second averages. (V
rn' denotes volts per meter. A m- 2 denotes amps per square
meter. mho m' denotes milliohms per meter. UT denotes univer-
sal time.)

averages of 36 hours of data starting at 1200 universal time on
16 January. The third panel in figure 2 shows the conductivity
inferred by dividing the current density by the field. This panel
shows that the two arrays agree very well and that there were

small variations in the conductivity that were not coherent with
the diurnal variations in field and current. These facts indicate
that the instruments were measuring ambient phenomena, not
merely leakage resistance.

Figure 3 shows still finer detail. Note the high degree of
short-term correlation, particularly in the electric field data.
The current data were uncorrelated on time scales shorter than
roughly 100 seconds. The presentation of at least 2-minute av-
erages is required to obtain meaningful comparisons. The elec-
tric field data, on the other hand, agree reasonably well on time
scales as short as 10 seconds.

In conclusions, we have found that atmospheric electricity
instruments 600 meters apart near South Pole Station were
measuring signals of global origin, except when it was snow-
ing. We can detect variations of 1-2 percent amplitude. Finally,
the instruments can detect signals of global origin on time
scales of a few minutes.

The University of Houston field team members, Edgar A.
Bering and Gregory J . Byrne, arrived at South Pole on 5 January
1991. The field team departed South Pole on 18 January. This
research was supported by National Science Foundation grant
DPP 89-17464. We thank members of Antarctic Support Asso-
ciates at the Pole for their assistance in deploying the arrays,
and Katherine Price for her winter-over technical assistance.
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