
Measurement of ionospheric electron
columnar content changes over

McMurdo Station

DAVID S. Coco and JAMES R. CLYNCH

Applied Research Laboratories
The University of Texas-Austin

Austin, Texas 78712

To study the effects of ionospheric scintillations on the track-
ing of navigation satellites in the south polar regions, Applied
Research Laboratories of The University of Texas-Austin
(ARL:UT) has collected ionospheric electron columnar content
change data at McMurdo Station from 1979 to the present.
ARL:UT operates the satellite tracking station at McMurdo Sta-
tion for Navy Navigation Satellites (NNs's) and, in addition,
collects ionospheric data with a special piece of hardware called
the refraction offset generator (R0G). We have collected a large
amount of data during the period (1979-1982) about solar max-
imum that provides an important tool for studying the mor-
phology and spatial structure of the ionospheric irregularities in
the south polar region.

The NSS's transmit coherent radio signals at frequencies of 150
and 400 megahertz. These two signals are used to remove the

effects of the ionosphere from navigation. The ROG hardware
retrieves this ionospheric information providing a measure of
the change in the number of electrons along the line of sight as
the satellite passes over McMurdo Station in a 1,000-kilometer
orbit. The absolute number of electrons along the line of sight is
not obtained unless an additional reference measurement is
provided.

The ROG satellite tracking schedule for 1982-1983 was de-
signed to allow comparison with other data sources such as the
Dynamics Explorer satellites. Special tracking schedules were
also introduced to collect data during severe geomagnetic
storms. Approximatey 3,000 satellite passes of ROG data have
been recorded at McMurdo Station and shipped to ARL:UT for
analysis. The ionospheric area covered by this data set includes
large portions of the auroral oval and the polar cap.

Analysis of the ROG data is still in the early stages, but several
important results have come to light from a preliminary analy-
sis of the 1979 data. First, the irregularities appear to be very
strongly aligned along the magnetic field, as expected from
theory and from observations in the north polar regions. Sec-
ond, the intensity of the irregularities is not a function of the
activity level of the local magnetic field. This result has been
reported in some, but not all, of the previous polar ionospheric
studies. Further analysis of the full data set and comparison of
the results to other data sets is continuing.

The ROG equipment was operated by S. DeWeese and
R. Meegan during the 1982-1983 season. Antarctic logistic sup-
port was provided by National Science Foundation grant DPP 68-
00508.
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Observations of atmospheric infrasonic waves have been
made at Windless Bight (77°45'S 167°35'E) near McMurdo Sta-
tion since 1976. In 1981 the system was expanded to cover the
passband of periods from 1 to 100 seconds, and a digital data
acquisition and analysis system was installed. In January 1982,
the digital system was upgraded to incorporate real-time ap-
plication of data adaptive pure-state filtering (Samson and
Olson 1981). Another computer and a full-time operator were
added to the program to allow additional analysis to be per-
formed throughout the year.

Through the 1982 austral winter season, computer software
was developed to facilitate the retrieval and analysis of the data
collected. This software package includes time-domain analy-
sis, spectral analysis, frequency-wavenumber (f-k) analysis,

pure-state filtering, beam-steer vector filtering, and rudimen-
tary graphics. A method was also developed for transmitting
analysis results and diagrams to Fairbanks, Alaska.

The f-k analysis in use at Windless Bight provides information
on the signal power relative to its velocity and azimuth of
arrival. The analysis is performed on a frequency-by-frequency
basis to give the complete f-k spectrum. At each frequency, a
slowness (inverse velocity) vs. azimuth (S-O) diagram is pro-
duced, which displays contours of the power function in wave-
number space. This analysis is useful for determining the
power in each signal if two or more signals are recorded
simultaneously.

Infrasonic waves produced by the explosive eruptions of El
Chichonal Volcano in Mexico (17°20'N 93°12'W) on 29 March, 3
April, and 4 April 1982 were observed at Windless Bight. The
signals from four eruptions were recorded travelling in the
direct great circle path from the source to Windless Bight. In
addition, signals travelling in the antipodal path from two of
these eruptions were recorded.

El Chichonal is located 12,101 kilometers from Windless Bight
at a true azimuth of 950W Assuming the velocity of sound to be
300 meters per second, it should take 11.2 hours for the in-
frasonic wave to arrive at the detector site. Actual travel times
are given in tables 1 and 2. Azimuth of arrival for each signal, as
determined by the time-domain analysis, is also shown in ta-
bles 1 and 2. Estimates of the azimuth and velocity can also be
made from the peak of the S-O diagram for the frequency of
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El Chichonal I
El Chichonal III
El Chichonal IV
El Chichonal V
Galunggung

8 Universal time.
b In hours and minutes.

In meters per second.
d In kilotons.

Table 1. Time domain analysis results for direct great circle path signals

Travel	 Travel	 Trace

	

Event time"	 time 	velocityc	velocityc

0532 29 March	11:14	 299	 367
0850	3 April	 11:17	 298	 380
0200	4 April	 11:48	 285	 360
1122	4 April	 11:29	 293	 380
2040 4 April	 8:00	 295	 377

Arrival
	

Energy
azimuth	released

102°
	

630
120°
	

66
110°
	

31
110°
	

243
310°
	

25

Table 2. Time domain analysis results for antipodal path signals

	

	maximum power. S-O diagrams for the 1122 universal time (UT) 4
April eruption (figure) give results in close agreement with the

Travel Travel	Trace	Arrival	time-domain analysis. It can be seen that the apparent azimuth
Signal	Event time 	time 	velocityc velocityc azimuth	of arrival is shifted 10° to 20° east of the true azimuth of the

source. This shift can he attributed to transverse winds over the

El Chichonal II 0532 29 March 25:54	299	378	2950	
southern oceans. Using a method described by Posey and
Pierce (1971), estimates of the energy release of the four erup-El Chichonal VI 1122 4 April	25:50	300	395	280°	tions were made and are listed in table 1 (Olson and Wilson
1983).8 Universal time.	 On 5 April 1982 one infrasonic signal was also recorded fromb In hours and minutes.	 the eruption of Galunggung Volcano in Java (7°15'S 108°3'E).

In meters per second.	 This volcano is 8,520 kilometers from Windless Bight at a true

	

E. C. V	 E. C. VI

AZIMUTH	 AZIMUTH

Slowness vs. azimuth diagrams for direct (on the right) and antipodal (on the left) signals from 1122 universal time 4 April 1982 eruption of El
Chichonal Volcano. (See table.) ("E.C." denotes El Chichonal.)
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azimuth of 299°. The actual time of eruption was not known.
The observed signal arrival time was 0441 UT. Assuming a
velocity of 295 meters per second, the eruption was estimated to
have occurred at 2040 UT on 4 April. This estimate was in agree-
ment with local observations. An estimate of the energy release
of the Galunggung eruption was calculated and is given in table
1.

Over the years, Windless Bight has proven to be an excellent
site for the detection of infrasound due to its extremely low
average wind noise. The ability to detect infrasonic signals from
major volcanic eruptions anywhere on the globe has been
shown by the five eruptions (four from El Chichonal and one
from Galunggung) detected in 1982.

The principal investigator was Charles Wilson; he was in the
field in January 1982 and January 1983. Other field personnel
were: B. David Spell (January 1982), Ian Wilson (January 1983),
Bruce McKibben (December 1981 to November 1982 and Janu-

ary-February 1983), and Kathleen Driscoll (October 1982 to Jan-
uary 1984).

This research was supported by Air Force Office of Scientific
Research under contract F49620-81-C-0091 and National Science
Foundation grant DPP 81-21669.
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As part of the expanding facilities for upper atmospheric
physics research at South Pole and McMurdo Stations, the Uni-
versity of Maryland installed a digital data acquisition system at
both stations during the 1981-1982 austral summer season. In
the 1982-1983 summer season, an identical system was in-
stalled at Siple Station, and a 30 megahertz riometer was placed
at Palmer Station. The data acquisition systems now operating at
all stations (except Palmer) are designed to digitize and record
analog signals at any one of three fixed sampling rates: 10, 1, or
0.1 hertz. The University of Maryland riometers (Siple: 30
megahertz; McMurdo: 30 and 51.4 megahertz; South Pole: 20.5,
30, and 51.4 megahertz) are sampled at the 1-hertz rate. In
addition, at Siple and South Pole Stations, magnetic (1 hertz; 10
hertz), very-low-frequency emission (1 hertz), and auroral in-
tensity (1 hertz) variations are recorded at the indicated sam-
pling rates.

Simultaneous digital recording of complementary signals is
an extremely valuable aid toward the understanding of pro-
cesses occurring in the Earth's upper atmosphere. To demon-
strate the importance of this, we will examine, briefly, some
examples from South Pole and McMurdo Stations recorded
during the first year of operation. We limit this report to a

consideration of the riometer data and some accompanying
magnetic variations from the Bell Laboratories' fluxgate
magnetometer.

The riometer is sensitive to processes in the ionosphere that
perturb the signal level of the radiation the receiver detects. In
common use, the broadband radiowave noise emanating from
the galaxy serves as a steady source of radiation. Two
ionospheric processes that may affect the received power of this
signal are attenuation (absorption) by local electron density
enhancements such as are produced by energetic particle pre-
cipitation and scattering of the signal by large-scale density
irregularities (see, for example, D'Angelo 1976, 1978, 1981).
Each riometer is sensitive to a specific frequency of the source
radiation. Because of the vertical structure of the ionosphere,
multiple riometers operating at different frequencies provide
information about the intensity, hardness (characteristic ener-
gy), and physical extent of electron precipitation from the mag-
netosphere, in the case of D-region absorption. Also, it may be
possible to assess the size, or spacing, of large-scale perturba-
tions capable of selectively scattering radiation of a particular
frequency.

The absorption event shown in figure 1 is typical of numer-
ous similar events that occur at South Pole Station in the pre-
magnetic-midnight time sector. This event is noteworthy for
several reasons. The rapid onset of the event and its short
duration indicate a rapidly moving disturbance. The assump-
tion that the disturbance is in motion is supported by the charac-
teristic shape of the magnetometer Z-component, suggesting a
moving horizontal current system which passes overhead at
approximately 2255 universal time (UT) when Z = 0. Notice that
the 20.5 megahertz riometer signal is completely blanked out
briefly during the event, indicating a very intense electron
precipitation.

Figure 2 shows a type of event that occurs frequently at
McMurdo Station, particularly in the summer months. The
figure represents the band-pass filtered 30 megahertz riometer
signal for 5 successive days in 1982; the plots are centered about
magnetic noon (approximately 2030 UT). Note the wavelike
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