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Then one can study the behaviour of the ionospheric turbulence level by utilizing radar backscatter data
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Introduction

Haldoupis et al. (1982), Uspensky et al. (1983) and Starkov
et al. (1983) have recently found that the 140 MHz backscatter amplitude in the auroral ionosphere depends mainly
on the mean electron density (height-integrated conductivity) in the £-layer. A similar relationship for the 46 MHz
band was also found by Leinonen et al. (in press 1983).
In principle, this can be explained by only a slight dependence of the relative level of £-region drift turbulence
< (LJ N/ N) 2 > in the auroral ionosphere on ionospheric parameters, viz. electric field and mean electron density.
However, up to now, quantitative evidence for such a
backscatter amplitude - electron density relationship is restricted to the few events which have so far been analyzed.
Therefore, the aim of this short note is to add some more
data to that data set. Furthermore; we will compare measurements made in the evening and morning sectors, where
the conditions for irregularity excitation might be different.
Electron Density Fluctuations

The volume cross-section in the Born approximation, which
is a quantitative measure of the auroral backscatter, is a
function of the relative level of the ionospheric wave tubulence due to the Farley-Bunemann and gradient drift instabilities (Fejer and Kelley, 1980). The wave turbulence equals
the mean fractional electron density fluctuations < (LJ N/
N) 2 > or - which is the same - the level of the ionospheric
drift turbulence. Using the turbulence level the backscatter
cross-section equation can be written:
(1)

where k is the wave number, f(k) the fluctuation power
spectra, SJ.ffik)d3 k=1 and re is the classical electron
radius.
Let us consider here f(k) as a stable statistical function
of its parameters, viz. aspect angle, azimuth or propagation
angle (Andre, 1980) and wave number (Chestnut, 1968).
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if one knows the mean electron density Nin the backscatter
region.
To solve Eq. (2) Uspensky et al. (1983) substituted N
by the height-integrated Hall conductivity r H. The latter
was derived by dividing the upward continued external
magnetic field (calculated from the Scandinavian Magnetometer Array data; Kiippers et al., 1979) by the ionospheric electric field from the STARE measurements (Greenwald
et al., 1978). The same method is used in the present paper.
The backscatter amplitude used is that measured by the
Finland ST ARE radar corrected for aspect and azimuth
angle and slant range dependence.
Data from Morning and Evening Sectors

We will show data for two intervals: 15 March 1978,
0100-0119 UT (morning sector) and 16 March 1978,
1800-1814 UT (evening sector). A full geophysical description of these events can be found in Uspensky et al. (1982,
1983), but we should note that both events occur during
pre-substorm and thus relatively smooth and stable ionospheric conditions.
Figure 1 shows two histograms for the ionospheric electron density turbulence as a function of electric field amplitude in the morning and evening sectors. These histograms
were constructed from ST ARE electric field and backscatter
amplitudes averaged over a four point meridional strip running along the x-axis of the Kiruna coordinate system
(Kiippers et al., 1979). The mean longitude of this strip
is 19 °E and the longitudinal range covers 2°. The backscatter amplitudes have been corrected for the 7.5 dB/deg
aspect angle anisotropy and slant range dependence. The
aspect angle changes along the strip equally for morning
and evening events from 0° to 0.6°. The average azimuth
angle is always close to 90°. However, the data have still
been corrected for azimuth angle dependence by using Eq.
(2) of Starkov et al. (1983).
From Fig. 1 one can easily see that there is no strong
dependence of ionospheric electron density turbulence on
electric field amplitude and that there is at least no simple

199
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Vl

c:

0 .6

0 6

0 .4

0. 4

0 .2

0 .2

::::J

(lJ

'--

Fig. 1. Corrected ST ARE backscatter
amplitudes from the Finland radar normalized
by the height-integrated Hall conductivities as a
function of electric field amplitude for the two
events discussed. The bars give standard
deviations and the numbers in the histogram
boxes give the number of associated data
samples
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Fig. 2. Corrected Finland STARE
backscatter amplitudes as a function of
the height-integrated Hall conductivities.
The heavy line gives the linear regression
line. Note that both data sets exhibit a
conductivity/electron density threshold
for radar backscatter of about 1 S/0.25 ·
10 5 cm- 3
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height- integrated Holl conductivity, S

linear relationship between those two quantities. For both
events there is a saturation of the turbulence when the electric field amplitude reaches 30-40 mV/m. Note that the saturation level is approximately the same in the morning and
evening ionopshere.
Note further, that the independence and saturation of
the E region turbulence becomes even more pronounced
if we take into account the recent findings by Nielsen and
Schlegel (in press 1983). These authors found that the electric fields estimated from the ST ARE data are increasingly
too low when the real ionospheric electric field exceeds
35 mV/m.
Figure 2 gives a scatter diagram of the STARE backscatter amplitudes as a function of height-integrated Hall
conductivities (the latter being averaged in a similar way
to the STARE quantities). In spite of some scatter there
is a clear linear dependence of the backscatter amplitude
on the height-integrated Hall conductivity and thus mean
electron density with a correlation coefficient of about 0.8.
The regression lines have very similar slopes for both morning and evening sector events. Both data sets also exhibit
a similar electron density threshold (about 0.25·10 5 cm - 3
for the regression line crossing the abscissa and
0.5·10 5 cm - 3 for the existence of radar backscatter). A sim-

ilar threshold was found earlier by Tsunoda and Presnell
(1976) for 398 MHz backscatter data (0.5· 10 5 cm- 3 ). We
believe that these electron density thresholds are an inherent
property for the E region Farley-Buneman turbulence.
In conclusion our results confirm that the recently observed (nearly) linear relationship between backscatter amplitude and mean electron density, as well as the independence of the fractional electron density variations from the
electric field magnitude (Haldoupis et al., 1982; Uspensky
et al., 1983; Starkov et al., 1983; Leinonen et al., in press
1983) hold both in the evening and morning sector ionosphere. This is also supported by the linear relationship
found earlier between radar amplitude and ionospheric current density (e.g. Greenwald et al., 1975; Siren et al., 1977;
Baumjohann et al., 1978; Mareschal et al., 1979) which is
apparently a special case of the more common linear relationship between radar amplitude and mean electron density in the backscattering region.
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