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Abstract. A model for spatial-temporal variations in the height of the ionospheric
F'2 region maximum in the main ionospheric trough (MIT) zone was developed
via statistical analysis of data of external sounding of the subauroral ionosphere,
obtained by the Intercosmos 19 satellite. This model is based on the IRI 90 model
for h,, F'2 and on a set of correcting factors depending on the level of magnetic
activity and invariant latitude. Correction of the global ionosphere model IRI for
the MIT zone allows us to reduce modeling error by half.

Introduction

Although many papers deal with investigations of the
main ionospheric trough (MIT) [Ben'kova and Zikrach,
1983; Besprozvannaya et al, 1990; Dedeney et al., 1983;
Moffeit and Quegan, 1973; Rodger et ol, 1992], rela-
tively little attention is paid to variations in the height
of the ['2 region maximum h., 2. Evidently, this lack
of attention is related to the fact that capabilities of
the network of ionosphere stations are limited because
of the small number of stations in this region and the
need for more frequent sounding when satellite data
are employed. In the literature [Ben'kove and Zikrach,
1983: Besprozvannaya et al, 1990], cxperimental data
for hyp, 72 in the MIT region are given withoul general
analysis of h,, F2 variations. Dedeney et al. [1983] gave
a typical scheme for isolines of the electron density in the
MIT region for the southern hemisphere; however, they
did not reveal any peculiarities of the hy, F'2 variations.
The goal of this paper is to study spatial-temporal vari-
ations in i, F2 on the basis of the external sounding
data and also to construct an analylical model.

Experimental Data

The data from external sounding from aboard the In-
tercosmos 19 satellite for 1980-1982 (high solar activity,
Wolf number W > 120) were used for periods from win-
ter to equinox in the northern hemisphere in the lon-
gitudinal sector 20 70°E. lonograms were taken every
8 s, l.e., in intervals of about 40 km along the Earth’s
surface, which allowed the position and form of the MIT
to be reliably determined. A total of 62 satellite flights
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through the MIT regions were studied, and each flight
gave 20-45 ionograms, i.e., a total of 2000. We calcu-
lated altitude profiles of electron density and the height
of the I"2 region maximum via the procedure given by
Indyukov and Serebryakova [1986], using the modified
method of Jacksen [1969].

Peculiaries of the Determination of h,, F2
From External Sounding Ionograms

Usually the height of the F2 region maximum is de-
termined from the external sounding lonograms as a
true height at the last frequency which can be obtained
from ionograms by the procedure given by Indyukov end
Serebryakova [1986] and Jackson [1969). The obtained
estimates systematically exceed the h,, F'2 values deter-
mined from ionograms of vertical sounding (VS) proce-
dure [Gulyayeva, 1978], in which a paraboelic extrapo-
lation of a profile form near the F2 region maximum
is adopted [Ben’kova ef al, 1988]. This excess increases
with latitude (sce Table 1), mainly for two reasons. The
first is the existence of thick F'2 layers with small or

Table 1. Parameter Ah,, versus latitude

Geographic Mean
VS station

latitude, deg Ahgy,, km
Yugorskiy Shar 70 +29
Arkhangel’sk 65 +30
Yakutsk 62 418
Sofia 43 +18
Ashkhabad 38 +17
Tashkent 11 +17
Havana 23 +8
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Figure 1. The éh = (A I"2)exp/hm F2 versus Kp in-
dex within the range —0.5° < A®, < 0.5° in the vicin-
ity of the MIT minimum. Solid circles represent ex-
perimental data; the solid line demonstrates the linear
approximation through the least squares procedure.

zero vertical plasma frequency gradients in the viein-
ity of MIT. In this case a radio pulse from an onboard
ionosonde is reflected from the topside of this region,
and a pulse from a ground-based ionosonde is reflected
from the bottom part of the region. As a result, the dif-
ference Ahy, 1s dominantly positive. The second reason
for overestimation of hn, 2 is high diffusivity of exter-
nal ionograms. Thus the procedure suggested by In-
dyukov and Serebryakova [1986] was supplemented by a
parabolic extrapolation of the form of the external iono-
sphere profile, as was done by Gulyayeva [1978], and this
allowed the systemnatic overestimation to be reduced. To
extrapolate h,, F'2, we used the following formulas:

——— L hag - Ay F'2
hm = h,F2 X1 -1)—m
r2 +{ ) X1-X¢
N,
X1=1-— - m 2
N F2
Nag
—1— /1~
X2 Non F'2

where h,, F'2 is the height of the F'2 region maximum
without extrapolation and N, F'2, N, F2 and Nap, are
the electron densitics at the heights hy, F2, b F2, and
hm F2 + 30 km, respectively.

Results of Statistical Analysis

Statistical analysis of h,, F'2 variations, based on the
external sounding data, and correlation between the ex-
perimental data and the data computed by the global
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Figure 2. The function S, which demonstrates the
latitudinal variations in relative values of &k, versus the
MIT minimum position.

ionosphere model IRI 90 permitted the following con-
clusions.

1. The model gives systematically underestimated
values for h, F'2 in the vicinity of the MIT minimum,
the average error increasing with magnetic activity.

2. In the vicinity of the MIT minimum the ratio éh
of the experimental values of (f,, F2).yp to the calcu-
lated values h,, F2 depends linearly on the magnetic
activity level, characterized by a value of the Kp in-
dex. Figure 1 shows the 8h distribution within the range
~0.5° < A®, < 0.5° in the vicinity of the MIT mini-
mum. Here Ad, is the deviation of the invariant lati-
tude of the sounding point from the MI'T minimum po-
sition. The line demonstrates the linear approximation
performed by the least squares procedure.

3. The latitudinal dependence of h, F'2 has a pro-
nounced maximum near the MIT minimum position.
Figure 2, which presents the ratio § = 6h/éh depen-
dence on A®, clearly demonstrates this finding. Here
&h 1s determined at the current sounding point along
the satellite orbit, and &k is associated with the MIT
minimum position. This profile is in agreement with a
typical diagram of a two-dimensional MI'T section {De-
deney et al., 1983] as well as with theoretical results
{Bryunelli and Namgaladze, 1988; Rodger el al., 1992;
Watkins and Richards, 1979].

The initial heating of the thermosphere in the auroral
zone, together with the increase of magnetic activity,
resulting from the mtensification of auroral electrojets
and the absorption of energy from injected particles,
forms a system of thermospheric winds directed from the
heated region toward the cquator. Under the action of a
horizontal wind the plasma rises along the geomagnetic
field lines, thereby increasing the height of the F2 region
maxirmurm in the MIT zone.

Analytical Model

Results of the statistical analysis form the basis for
a model of spatial-temporal variations in the height of
the F2 region maximum in the MIT zone. This model
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Figure 3. The hy,, F2 variations versus an invariant
geomagnctic latitude along the Intercosmos 19 orbit:
{(a) October 30, 1980, Kp = 1+4; (b) March 18, 1981,
Kp = 3+; and March 3, 1982, Kp = 5h—. Circles rep-
resent experimental data; dashed lines show the data
from the TRI 90 model; and solid lines show the data
from the IRI model corrected for the MIT region.

uses the following analytical expressions:

h F2 = b F(ax + AK p)S(AD,)
S(AD;) = a1{A®,)" exp(v, Ad;)

where S(A®,) is a function describing latitudinal vari-
ations in relative quantities 6k within the range —6° <
AP, < 6% o = 0.971; B = 0.08]; a; = 0.2896 x 101,
B = 1.783: and v, = —0.9006 x 107!, This model can
be easily included in the IRI 90 model, which was donc
by a smooth transition from the subauroral to the mid-
dle latitudes. Figure 3 presents samples of experimental
measurements of ki, F'2 variations along the satellite or-
bit and also their simulation using the original IRl 90

model, corrected for the MIT zone at various levels of

magnetic aclivity. We can see that the correcting pro-
cedure decreases by half the relative error of sitnulation.
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Conclusion

A model for spatial-temporal variations in the height
of the F2 region maximum in the MIT zone was de-
veloped as a result of statistical analysis of data from
external sounding of the subauroral ionosphere. The
model is based on the [RI model for A, "2 and on a sct
of correcting factors depending on the magnetic activity
level. The corrected model for the MIT zone allows the
sirmulation error to be reduced by hall
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