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Abstract: A VLF-sferics-analyzer was operating at the German antarctic 

station van-Neumayer from January to July 1983. This analyzer registrated far 

distant lightning events in the frequency range between 5 and 9 kHz. Assuming 

the location of these sources to be known, the propagation characteristics of the 

atmospheric wave guide between the earth and the ionosphere can be derived along 

the propagation path. The method of measurement is described. The data of 

June 1983 are evaluated and the distances of the sources are determined from a 

comparison with rain fall records during the same month and, in addition, from 

sferics registrations obtained at a second station in Pretoria, South Africa. The 

main result is that the ionospheric D layer along the propagation paths from the 

east coast of South America to the van-Neumayer station and from South Africa 

to the van-Neumayer station do not show a significant daily variation. The virtual 

ionospheric reflection height is about 82 km for VLF waves between 5 and 9 kHz 

during June. This corresponds to night time conditions at northern mid-latitudes 

in winter. 

1. Introduction 

Sferics are electromagnetic pulses generated by lightning strokes. The very low 

frequency component (VLF; 3 to 30 kHz) of sferics can propagate in the atmospheric 

wave guide between the earth and the ionospheric D layer. The virtual ionospheric 

reflection height of VLF waves is about 70 km during the day and about 80 km during 

night time conditions. 

Lightning strokes are powerful transmitters of VLF pulses. These signals be­

come only weakly attenuated in the atmospheric wave guide and can travel large dis­

tances (several 1000 km) before these amplitudes fall below the noise level of the 

receiver. The atmospheric wave guide is dispersive and modulates the wave form of 

a sferic during its propagation. In principle, a determination of the wave form and 

of the direction of arrival for an individual sf eric is therefore sufficient to determine 

the location of the lightning stroke. Several methods exist to locate thunderstorm 

areas via measurements in the VLF range (VOLLAND, 1982). 

VLF sferics measurements are made either to determine the source properties 

(e.g., the characteristics of the lightning strokes and their spatial distribution) or to 
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determine the wave guide characteristics (e.g., temporal and spatial variations of the 
propagation conditions). Both objects are intimately related to each other. In 
order to study the source properties, one has to know the wave guide characteristics, 
and vice versa. A third goal of VLF sferics observations is the determination of the 
natural radio noise level which limits long range radio communication (SPAULDING, 
1982). 

In this paper, we determine the propagation characteristics of the atmospheric 
wave guide from VLF sferics measurements obtained at Pretoria, South Africa, and 
at the von-Neumayer station, Antarctica, during June 1983. The frequency range is 
5 to 9 kHz. No commercial transmitter is operating in this frequency range, and 
the Siple station, Antarctica, has presently discontinued its operation. 

2. Method of Measurement 

In this section, a brief description of the method of measurement is given. Further 
details about the instrument and the method of analysis can be found in VOLLAND 
et al. ( 1983). 

Sferics originating more than several hundred km away from the receiver are 
mainly electromagnetic pulses generated by the vertically orientated section of lightning 
channels of return strokes. These pulses behave to a first approximation like the 
radiation component of a vertical electric dipole located on well conducting ground. 
The electromagnetic far-field component of such pulses consists of a vertical electric 
field Ez and of a horizontal magnetic field B<ft transverse to the direction of propagation. 
The magnetic field is used to determine the angle of arrival¢ applying the well-known 
direction finding method based on two crossed loop antennas and a whip antenna. 

The vertical electric field component of each sferic is Fourier analyzed by means 
of three narrow band receivers at 5, 7 and 9 kHz. The resultant spectral function 
Ez(f, p)=IEzCf, p)I exp [iO(f, p)] is the product of the spectral source function G(J)= 
IG(/)1 exp [ie(f)] and of the transmission function W(f, p)= I W(f, p)I exp [il/f(J: p)] 
of the atmospheric wave guide: 

Ez(f, p)=G(J)W(f, p)=IGI 1w1 exp [i(e+lf!)]=IEz l exp [iO]. (1) 

Apart from the frequency f, the transmission function W depends on the distance p 
between source and receiver. It depends, in addition, on the direction of arrival ¢ 
(HARTH, 1982). The spectral function depends on frequency, on the electrical mo­
ment of the lightning stroke and on channel parameters such as channel length and 
diameter. 

For each received sferic, the following parameters are determined: 
(a) Spectral amplitude 

(b) Spectral amplitude ratio 

(c) Group time delay difference 

SA=0 20 log !Ez(fo)I , (2) 

(3) 
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( d) Angle of arrival ¢. 

GDD _ [0(/1)+8(/2)-8(/0)] -
2n(fo-/1) ' 

Here, /1
= 5 kHz, /; =9 kHz, and/0

= 7 kHz. 

(4) 

Each parameter set (SA, SAR, GDD, ¢) is stored in a desk top computer HP 
9825 during a measurement cycle of 20 min. Figure 1 shows the observed GDD­
values vs. azimuth angle¢ for a time interval of 18 min between 1940 and 2000 GMT 
on August 20, 1984, observed in Bonn. Five clusters of points are evident which can 
be attributed to five thunderstorm areas. Figure 2 shows the corresponding SAR-data 
vs. azimuth during the same time interval, where the same thunderstorm areas can be 
identified. From a histogram of the numbers of GDD- (or SAR-) events vs. azimuth 
(Fig. 3, lower panel), one can find the azimuth of the centers of the thunderstorm areas 
with an accuracy of about one degree. For each source, similar histograms are also 
generated for the GDD, SAR, and SA data. As an example, the upper panel in Fig. 
3 presents the respective histograms for the most intensive source at an azimuth of 
104° (which is east-south-east of Bonn). A Gaussian fit to these histograms yields 
statistical mean values of the parameters, i.e. , GDD, SAR, SA, and ¢. As discussed 
in the next section, these quantities are the basic information needed to determine the 
distance of the source. The data processing is completed in two minutes. In a final 
step, the four relevant source parameters and some source identifiers are stored on 
magnetic tape. 

200 

150 

GOD 

Colee] 

100 

..·· . 

·: ·.·· 
• : '

1 
• ; •. 

·:.-•." i •I. '. 

. . · .... ·.1. 

•;,,, • ',,' I ·:;;;; ..
. ·· .. ·:.: . ·;t. 

. •::· ·: =,.!!li!,
t,.:_ .. ·_·:.:··

··
·
. <.·.!_: .·:··· . .::.-:::'/' ·. 

.. -:i·i: . 
II ·. ·::·:::··. ·:!_:_;;,:,·,:�1!:'i:,::=::

·
: . 50 ··

· 
: �-''.!:.i:!:,;_ .. · ·:I b · · · :l:i· 

I :•, • 

t 
. : )::::·, .. ·:?! :: ·:-·,j:,:· 

.' �!'. . . · 1 • • 1: I • • 

0 �._· ---+----+----= .. _�;;-;. __ · _,_:_:._.· ___ ·_....,.::�\�:!:·�·-·+---+----+---I----------+ 
1 ,, , ,  •• i,, • • • .··. ,:-·. ·, . ·.·. 

G 
Ol 

G 
� /\zi [de9J 

G 
(D 
(Tl 

Fig. 1. GDD-values vs. azimuth observed during the time interval 1940 to 2000 GMT on August 
20, 1984, at Bonn. Each point corresponds to one or more sferic signals. The azimuth 
(or direction of arrival) is counted in clockwise direction from geographic north. The 
units of GDD are arbitrary. 
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Fig. 2. SAR-values vs. azimuth. Otherwise the same as in Fig. I. 
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Fig. 3. Histogram of all recorded GDD-values as function of azimuth for the time interval in­
dicated in Fig. I (lower panel); and histograms of the spectral parameters GDD, SAR 
and SA for the strongest source at 104° azimuth (upper panel). 
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The location of the thunderstorm centers can be plotted on a map in real time. 
An observer can thus study the actual thunderstorm activity in the wider surroundings 
of the station. One magnetic tape cassette can store the data of about three to four 
weeks. 

3. Data Evaluation 

In this section, we discuss how the distance of the source is determined from the 
mean values GDD and SAR. The theory of VLF propagation within the atmospheric 
wave guide predicts a transmission function W at larger distances (p> 1000 km) of 
the form 

W(f, p) = C(p//) 112 exp [(-A+iB)p], (5) 

where A is an attenuation factor and B is a propagation factor, both depending on 
frequency, angle of arrival, local time and season (e.g., HARTH, 1982). C is a con­
stant factor. 

The spectral source function G can be approximated by that of a vertical electric 
dipole. If the electric current of this dipole has a temporal variation of the general 
form 

l=J0[exp (-at)-exp (-pt)] , 
then the spectal function is given by 

G=-
iwMa/3µ 

4n:p(a-i w )(p-iw) ' 

(6) 

(7) 

where µ =4X 10- 7 H/m is the permeability of free space, w =2rrfthe angular frequency, 
M the electrical moment of the stroke, and a and p two wave form parameters related 
to the channel length and the channel diameter of the stroke (VoLLAND, 1982). 

The averaging process for GDD and SAR assures that the stroke parameters M, 
a, and p are already mean values for a particular thunderstorm. It is assumed that 
they do not change very much from one thunderstorm to the next. Combinating 
eqs. (3) to (7), it follows that GOD and SAR are linear functions of the distance p 
from the source : 

(8) 
The parameters a1 and a2 contain primarily the average source properties via the mean 
parameters a and pin eq. (7). Note, however, that neither SAR nor GDD depend on 
the electrical moment M of a sferic. At the output of the receiver, the receiver con­
stants must be added so that the measured constants a1 and a2 do not describe the 
true source terms. 

The parameters b1 and b2 contain the wave guide characteristics via the factors 
A and B in eq. (5). These factors depend on frequency, azimuth, and time. 

After elimination of p in eq. (8), one obtains a linear relationship between SAR 
and GDD: 

(9) 

where 
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(10) 

As an example, Fig. 4 shows GDD vs. SAR for the data obtained at the Pretoria 
station during January 1984, for the time interval 1200 to 1600 GMT and for the two 
azimuthal sectors 346°-15° and 286°-315°. Numbers indicate the multiplying of 
each data point. In spite of the scatter, the linear relationship of eq. (9) is clearly 
supported by the data. The dash-dotted lines in Fig. 4 are the regression lines. Their 
slopes depend on the azimuthal angle ¢. However, all regression lines should inter-
sect at the common point (ai, a2) which is the origin of the graph (SAR-a1 , GDD-a2) 

=(hip, b2p ). In this specific case, we find a1 = - 12 db; a2 = -35 µs, and 
bif b2 '.::'.0. l 8+0.03 sin¢ . (11) 

One has to repeat this kind of analysis for other times of day and season for each 
station. 

D 
Cl 
l=:J 

I 
I 
l 

PRETORIA 

100 i- / 
: ><'1 
I 1 2Z2I ll 1 

l- l1 
1 i 2g:f11111 

1 1 12 /\ lZ3 
1 1 3:z12u 11 
I 1 1 1 1 11U1 3 1 1 

50 !- 12 1 ii 1i'ii
1i\ 1 

I 11 131'\1
° l 1 

I 211'3333111 
I 1 3 l _.1z l 1 

l- 1 Li;; 
1 ll 

: / /1 

0� / 
: .< 
L / 
l/ 

ir-a2 
-so � 1 

JAN 1984 12 - 16 GMT 
I 
I 
I 
I 

l- / 
: i1 / 1/;1 
I l 2 ,Ill 

l- l 1•,21/1
; 1 

i 12���;;m 
I 11 l i\�;'gl 1 

1-- l 1, 12,p',;51 1 
I l 21•ll 4 1 

i ;Jf;;t l 

l- 15/i / 1 
I , l 11 

i / l l 

t- ./ : / I ;/ 
rra2 
(la, 

� = 300° 

/ 

! I ---------1---------1---------' --------_!---------1---------1-. 
1 

i, _________ j_ ________ j _________ j _________ j _________ j__ 
-12 -7 - 2  3 8 13 -12 -7 -2 3 8 13 

SAR (db) 

Fig. 4. Plots of GDD-values vs. SAR-values during sunlit hours (1200 to 1600 GMT ) in January 
1984, at the Pretoria station for the two azimuthal sectors 346°-15° (left) and 286°-315° 

(right). The dash-dotted lines are the regression lines. (a1 , a2) is the point of intersection 
of both regression lines. 

The scattering about the regression line in Fig. 4 is due to: 
(a) Man-made noise; this corresponds to singular points far away from the re­

gression line. It can be eliminated by allowing only a certain deviation from the re­
gression line. 

(b) Day-to-day variations of the ionospheric D layer; the effect of such variations 
is relatively small during day time hours but may be serious during night time condi­
tions. 

(c) Changes in the average properties of lightning strokes from one thunderstorm 
to the next due to changing meteorological conditions; if, for instance, the average 
channel length of the strokes varies by 20%, the variation would cause the scatter of 
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SAR and GDD observed in Fig. 4. 
It is not possible to eliminate the scatter due to points (b) and (c). This scatter gives 
rise to errors in the calculated distance. On a map, a long living stationary source 
appears therefore as a cluster of points elongated in the direction of arrival. 

4. Determination of the Distance of the Sources 

There remains the determination of the coefficients b1 and b2 from which one 
can derive the distance of the sources. We determined these quantities by means of 
triangulation using strong sources observed simultaneously at Pretoria and at the von­
Neumayer station. In addition, rain fall records prepared by the German Oceano­
graphic Weather Agency (Deutsches Seewetteramt) in Hamburg were used. As an 
example, Fig. 5 shows the distribution of thunderstorms observed at the von-Neumayer 
station. Each point corresponds to the location of a thunderstorm as observed 
during each 20-min measurement cycle in June 1983. The fat points indicate loca­
tions where precipitation of 100 to 300 mm was measured during June 1983. The 
fat open circles indicate places with precipitation rates of 300 to 500 mm. 

Two strong source areas can be identified: one source off the east coast of South 
America between 18° and 37° latitude, and a second source in the Indian Ocean south­
east of South Africa in the neighborhood of Prince-Edward-Island. Both sources 

Fig. 5. Thunderstorm distribution map for June 1983, as derived from data recorded at the von­
Neumayer station. Each point represents the location of one or more thunderstorm centers 
observed during the measurement cycle of 20 min. Dashed curves are isolines of distance 
(unit: 1000 km) and azimuth (unit: 10°). Fat points indicate stations with rain fall records 
of JOO to 300 mm during June 1983. Fat open circles indicate stations with rain fall re­
cords between 300 and 500 mm during the same month ( prepared by the German Oceano­
graphic Weather Agency (Deutsches Seewetteramt) in Hamburg). 
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can also be seen on the sferic records of Pretoria and on the precipitation map. Al­

though rain fall rates are only loosely related to thunderstorm activity, they give a 

fair estimate of thunderstorm rates, at least on a statistical basis. 
Using the known distances of these sources, the coefficients b1 and b2 are derived 

for the von-Neumayer station as function of time of day and of azimuth. Surprisingly, 
no significant daily variation is observed in the data. Their azimuthal dependence 

during June is given by 

( 12) 

b1 has the dimension (db/Mm) ; b 2 has the dimension (µs/Mm) with 1 Mm= 1000 km. 
D= -22° is the geomagnetic declination at the von-Neumayer station. 

Remarkable in eq. (12) is the near absence of an azimuthal dependence in b2 and 

a relatively small ¢-dependence in b1 • At mid-latitudes, this azimuthal variation is 
much larger (see Fig. I of VOLLAND et al. , 1 983). This indicates a strong reduction of 

the anisotropic behavior of the atmospheric wave guide with respect to VLF waves 

at high southern latitudes as compared with mid-latitude conditions. 
If we compare the numbers of b1 and b2 in eq. (12) with theoretical calculations of 

north-to-south propagation based on mid-latitude conditions (SCHAFER and VOLLAND, 
1 982), we deduce an ionospheric D layer at southern high latitudes similar to night 

time conditions at mid-latitudes during winter with a virtual reflection height of about 
z0 :::::: 82 km and an electron density profile of 

N:::::N0 exp [A(z-z0)] , (1 3) 

where N0 ::::::3 X 108 m- 3 and .<:::::::0.4 km- 1 

The rather constant night time behavior of the ionospheric D layer results pro­
bably from electron precipitation of magnetospheric origin into the area of the geo­
magnetic South Atlantic anomaly (TORR et al., 1 975 ; BENBROOK et al., 1983). 

5. Conclusion 

VLF sferics data from the German antarctic von-Neumayer station are available 

from January 1 8  to July 9, 1 983. In this paper, we have analyzed the data of June 

1983, in order to determine the propagation characteristics of the atmospheric wave 
guide between the earth and the ionospheric D layer during this time of the year. A 

complete data evaluation will be published elsewhere. 
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