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S
tanford University has maintained an extremely-low-fre-
quency/very-low-frequency (ELF/VLF) observation pro-

gram at Palmer Station for many years, primarily for the pur-
pose of measuring electromagnetic waves from the Earth's
magnetosphere, especially the type known as "whistlers,"
which originate in lightning discharges in the Northern Hemi-
sphere (Burgess and man 1993, and references therein). The
VLF measurements at Palmer Station are conducted using
highly sensitive VLF antennas and receivers. The relatively
quiet (electromagnetically speaking) nature of the site, its
geomagnetic conjugacy to major thunderstorm centers in the
east coast of the United States, and its proximity to the South
Atlantic magnetic anomaly make Palmer Station a unique site
for these studies.

During the past 2 years, an additional potential use of the
Palmer VLF data has emerged. It now appears that thunder-
storm activity on a global scale can be tracked with the help of
VLF measurements at Palmer Station. For this purpose,
researchers use directional wideband measurements of the so-
called radio atmospherics, impulsive electromagnetic signals,
which originate in lightning discharges and which propagate
to very large distances along the surface of the Earth within the
Earth-ionosphere waveguide. Wideband direction-finding
techniques developed at Stanford for whistler measurements
are directly applicable for this purpose, as illustrated below.

Tracking lightning activity on a global scale is important
in view of the possible connections between frequency of
lightning occurrence (i.e., flash rate) and convective rain flux
(Workman and Reynolds 1949; Goodman 1990). Measure-
ment of the rainfall over the oceans, particularly over the
Pacific Ocean, is of critical importance in determining the
variability of global circulations and the short-term changes
in climate and, thus, constitutes a primary objective of the
Climate and Global Change Program. Global lightning activity
provides one signature of tropical moisture and energetics
(Goodman and Christian 1993), and quantitative measure-
ment of lightning on a global scale is needed as an input and a
verification of global climate change models.

The new method of lightning location is known as VLF
Fourier goniometry and was developed at Stanford as part of
a recently completed Ph.D. dissertation (Burgess 1993). The
method relies on the measurement of the arrival direction of
radio atmospherics (spherics) from distant [more than 1,000-
kilometer (km)] source regions. The arrival direction is meas-
ured using two magnetic loop antennas, one oriented north-
south and one oriented east-west. Digital wideband record-
ings of the data from two antennas are postprocessed to
determine arrival azimuth with approximately 10 accuracy
(Reising et al. in preparation). Simultaneous recordings made

at two distant sites are then used to determine the source
location via spherical triangulation. This capability was
demonstrated recently with recordings made at Stanford, Cal-
ifornia, and at Palmer Station. The recordings allowed the
measurement of the location of individual lightning dis-
charges in the Gulf of Mexico with an accuracy to less than
100 km (Reising et al. 1993).

In this article, we illustrate two examples of the use of the
VLF Fourier goniometry technique with Palmer data. In one
case, illustrated in figure 1, we compare results with SSM/I
data from the DMSP satellite for 30 March 1989. SSM/I data
are a composite of several microwave radiometer frequencies
and polarizations, optimized to locate and estimate rainfall.
Figure 1A shows the areas (marked A and B) of cold cloud tops
detected over South America, along with the bearings of
great-circle paths arriving at Palmer Station, Antarctica. Fig-
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Figure 1. Comparison of SSM/I image sensing cold cloud tops indica-
tive of rainfall with VLF spheric detection and direction-finding data. A.
Locations of two storms observed on 30 March 1989, with great-circle
bearings arriving at Palmer Station, Antarctica. B. Histogram of Palmer
data for 30 March 1989, with respect to arrival azimuth and magnitude
(uncalibrated) of received spherics. (UT denotes universal time. deg
denotes degree.)
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ure lB shows spheric measurements at Palmer, presented in
the form of a two-dimensional histogram of a number of
spherics observed in a given period sorted in terms of intensi-
ty and arrival azimuth. We note that two peaks are clearly
observed at 00 and 100 bearing corresponding to the two
storms marked A and B. In addition, we note that other storm
centers are evident (e.g., one near approximately 85 0 and
another near approximately 550 azimuth) that are active at the
same time.

Figure 2 illustrates another application of the Fourier
goniometry method to assess the location of active thunder-
storm centers at a time when an intense gamma-ray burst
("flash") was observed to emerge from the Earth's upper
atmosphere (Fishman et al. 1994). One of about 12 such cases
observed on the Compton Gamma Ray Observatory (CGRO),
the point of origin of the particular flash observed on 20 May
1993 was deduced to be the point F shown in figure 2 (Fish-
man personal communication). In their paper published
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Figure 2. A. Spectrogram of VLF wideband data from Palmer showing
an intense spheric determined to be arriving from 35.5 0 west of north.
B. The location (point F) of the gamma-ray flash as deduced from
GRO data (Fishman et al. 1994), with respect to Palmer Station. C.
Spheric histogram for a 30-minute period, clearly indicating the active
storm center at bearings between -30 0 and -400 . (kHz denotes kilo-
hertz. Hz denotes hertz. UT denotes universal time. dB denotes deci-
bel. deg denotes degree. "Sferics" and "spherics" are alternate
spellings.)

recently in Science, Fishman et al. (1994) indicated that the
observed gamma-ray bursts were probably caused by light-
ning discharges. The VLF Fourier goniometry method, when
applied to the wideband VLF data recorded at Palmer Station
during this period, clearly reveals a very active storm center as
shown in figure 2C, strongly corroborating the association of
the observed gamma-ray flash with lightning. The arrival
azimuth of the center of this storm center is within approxi-
mately 0.50 of the great-circle bearing between point F in fig-
ure 2B and Palmer Station. Figure 2A shows an isolated and
very intense spheric recorded at Palmer within 200 millisec-
onds of the observed gamma-ray flash (Fishman et al. 1994).
It is interesting to note that the arrival bearing at Palmer of
this intense spheric is 35.5 0 west of north, again within
approximately 0.50 of the bearing of the CGRO-deduced loca-
tion of the gamma-ray flash (i.e., point F).

The above cases simply represent examples in which the
location of lightning activity was known by other measure-
ments and was accurately confirmed by the VLF Fourier
goniometry method. In the coming year, Palmer VLF meas-
urements will be carried out in coordination with those at
other sites within the United States, and combined data sets
will be used to track thunderstorms in oceanic regions, where
other data on lightning location are only sparsely available.
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