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Abstract- -A study was made of the dynamics of the main ionospheric trough in the northern and southern
hemispheres using data of ion density winter measurements on the X osmos-900 satellite from 1977 to 1979.
Significant longitudinal variations of the trough position have been found which prove to be different in
the different hemispheres: in the northern hemisphere they have the shape of a double wave (period 180°
longitude) with an amplitude of 4-6° of latitude by both day and night whereas, in the southern hemisphere,
they exhibit a simple wave (period 360" longitude) with amplitude of about 6° in the night hours and [0
12° of latitude in the day hours.

The analysis of the IMF influence on the trough position by day and night has shown both B, and B,
to affect the shift of the ionospheric trough. It has been found that in the northern hemisphere the vertical
and azimuthal IMF components act in opposite phase while in the southern hemisphere the effects of the
two components are added. Analytic relationships between the trough shift magnitude and the values of

B, and B, are discussed.

1. INTRODUCTION

The ionization troughs in the subauroral ionosphere
were first found by the analysis of satellite data of
topside sounding of ionosphere (Muldrew, 1965).
The extensive studies of the features of the main
ionospheric trough and of the conditions of its for-
mation made it possible to determine the dependence
of its position on time of day, season and the level of
geomagnetic activity (Moffet and Quegan. 1983;
Best and Wagner, 1983). In some cases, however,
the comparison of data on specific trough positions
with statistical dependences indicates the presence of
significant deviations of experimental values of the
trough latitude from the model values. This has been
found to be possibly due to longitudinal and IMF
effects on the trough position (Deminov and Kar-
pachev. 1986a.b; Afonin er al., 1989 Benkova er
al., 1989) which were not accounted for in the widely
used analytic dependences such as those of Kohnlein
and Raitt (1977), Spiro (1978) and others.

To investigate the nature of the influence of these
effects on the trough position in more detail, the
present study uses a great number of latitudinal
profiles of electron concentration obtained with the
Kosmos-900 satellite in the northern and southern
hemispheres. The results of the investigation have
revealed significant differences in the longitudinal

variations of the trough position in the northern and
southern hemispheres, both in phase and amplitude.
The character of the IMF influence on the trough
latitude in both hemispheres depends essentially on
the relationship between the signs of the vertical and
azimuthal IMF components.

2. EXPERIMENTAL DATA CHARACTERISTICS

Table I gives the list of observation periods on the
Kosmos-900 satellite used in the study. The satellite
Kosmos-900 was launched in March 1977 with an
inclination of 83° into a near-circular orbit at an alti-
tude of some 500km. The orbital period is about
95 min. The positive ion concentration was measured
by a three-electrode spherical trap with ‘floating’
potential. The use of the universal data processing
system suggested in the work of Afonin and Kor-
nacheva (1989) permitted us to select latitudinal pro-
files with ionization troughs at invanant latitudes
below 72°.

Winter conditions only have been considered—the
December and June solstices for the northern and
southern hemispheres, respectively. The absence of
cyclic variations in the trough position (Miller, 1970)
allowed us to use all the available satellite obser-
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Table 1. Experimental data

Satellite

Allouet.-1 foF2 XL67 1168

X.77 11.78
Kosmos-900  Ne (H,,,. 500 km) X.78 11.79
VIL.79
. ~ X.80 111.81
il
X 19 fob2 1 111.82

Meusured paramcter  Observational period

The number of turns

Southern

Northern hemisphere hemisphere

18-06 LT 12 17LT 1217 LT
58 —-
} 146 96 44
b 57 : _

vations without accounting f(or the level of solar
activity.

The data analysis employed the technique described
by Afonin ez ol (1989). Instead of an absolute latitude
scale, the authors used the latitudinal difference
between the satellite observed position of minimum
clectron density with Jatitude and the model position.
Sincc the trough configuration is different at different
hours of the day, two models were used for day and
nighttime conditions. In the nighttime scctor. this was
the Kohnlein and Raitt (1977) model determining
invariant (magnetic) latitude of the trough minimum
in degrees

®, = 652-2.1K,—0.5/ ()

where ¢ 1s the time in hours (rom midnight. In the
daytime a model of BEsPROZVANNAYA and SHCHUKA
(1985) was used which dctermines the invariant lati-
tude of the trough equatorial boundary coinciding
with that of magnetospheric convection

@ = 75.5— 19K, —(1.84+0.25K,)(T—14)

]

(2

)

where T is local geomagnetic time.

Using the Ad, difference has allowed us to eliminate
the dependence of the trough minimum position of
magnetic activity and time of day. since, as is seen
from equations (1) and (2), both these parameters
have been taken into account in the models used. The
difference between the satellite and the model values
in this casc is determined by a number of other factors.
It is shown below that ol great significance arc the
longitudinal variations of the trough position and
variations of the IMF parameters.

3. ANALYSIS AND DISCUSSION
The longitudinal effect

Figure 1 gives the A®, valucs for the nighttime
sector of gcomagnetic time in the northern and sou-

thern hemispheres against longitude. The upper and
lower envclopes limit the range of observed A®,
values. Along with a general rather large scatter of
points al each longitude, certain longitudinal vari-
ations of A®, can be traced by the upper and lower
cnvelopes. In the northern hemisphere the longi-
tudinal dependence has the shape of a double wave,
with the main maximum at 240-320 E and minimum
at 140-200'E and a lcss pronounced maximum and
minimum at 40-120 E and 340-20 E, respectivcly.
The amplitude of the longitudinal variation is greater
for the upper envelope than (or the lower one. This is

A®D, (degrees)

120
Longitude (degrees)

180

Fig. 1. The trough latitude departures (A"} from model

values vs geographical longitude using data from the satcllite

Kosmos-900 in the northern and southern hemispheres. local

winter, nighttime sector MLT (2000 0400). The solid lines
are the upper and lower bounding curves.
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an indication of the weakening of the longitudinal
dependence with the shift of the trough to lower lati-
tudes.

The longitudinal variations of the trough position
in the nighttime sector observed in Fig. 1 are in good
agreement with the results of the works obtained by
the data of several orbits of the IK-19 satellite (Demi-
nov and Karpachev, 1986) and the rich statistical
material of the IK-19 and Kosmos-900 satellites
(AFONIN et al., 1992).

Figure 2 shows the dependence of A®, on longitude
for the daytime sector in both hemispheres. The num-
ber of daytime troughs is known to be far less than
that of the nighttime troughs (Ahmed er al., 1979).
Therefore, the total number of points in Fig. 2 is less
than in Fig. 1. Besides, the features of the Kosmos-
900 orbit turned out to be such that at a number of
longitudes in both hemispheres there are no data with
daytime troughs. In the southern hemisphere these
longitudes are 300-100°E and in the northern hemi-
sphere about 315-360°E. Nevertheless, the upper and
the lower envelope curves show a distinct longitudinal
effect in the trough position.

As the comparison of Figs 1 and 2 shows, the
character of the longitudinal variations in the north-
ern hemisphere remains practically unchanged during
the transition from night to day. In the southern hemi-
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sphere, with the phase of the longitudinal variations
intact, there is a sharp increase in amplitude when it
can amount to 10-12° of latitude ; this is comparable
to the variations of the trough position during the
day.

Deminov and Karpachev (1986a,b) have shown
that the longitudinal effect in the main ionospheric
trough position is not explicable just by the known
UT control in the ionospheric plasma distribution. To
begin with, the principal mode of UT control is the
same in both northern and southern hemispheres,
with the diurnal period over universal time (Sojka et
al., 1979; Sojka and Schunk, 1989). Besides, during
nighttime the effect bears a rather weak influence on
the latitudinal variations of ion concentration (Krin-
berg and Tashchilin, 1984). The longitudinal effect
as is seen from Figs 1 and 2, has a different character
in the different hemispheres: in the northern hemi-
sphere a half-day wave is observed, while in the sou-
thern hemisphere there is a whole-day wave which is
observed during both day and night hours.

This allowed Deminov and Karpachev to conclude
that there is an essential influence on the formation
of the longitudinal variations of the trough position
on those parts of the magnetic field parameters (incli-
nation, declination) which change with longitude and
so determine the nature of the interaction between the
neutral wind and the ionospheric plasma.

Indeed, as in variations of the magnetic declination,
during both day and night we observe the half-day
mode of the trough position in the northern hemi-
sphere and the whole-day mode in the southern hemi-
sphere. However, with the unchanged shape of the
longitudinal variation of the trough position, one’s
attention is drawn to the significant difference of
amplitudes for the daytime sector in the different
hemispheres : in the northern hemisphere it is about
4-6° while in the southern hemisphere it is not less
than 10-12° of latitude. This is possibly connected
with the fact that in the southern hemisphere during
daytime hours the longitudinal effect can be con-
siderably stronger due to the UT control because of
the substantially greater difference in the positions of
the geomagnetic and geographic poles as compared
to the northern hemisphere.

4. IMF INFLUENCE

Investigating the IMF components’ influence on
the trough position the authors used a whole array of
data; only satellite orbits at the longitudes 271-300°
in the southern hemisphere during day hours, when
one observes a sharp shift of the trough towards the
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equator under the impact of the longitudinal effect,
were excluded [Fig. 2(b)]. The effect in the area is
of such magnitude, that using A®, values at these
longitudes in the general data array would lead to
significant distortion of the IMF effect on the trough
position in the southern hemisphere.

Use has been made of the hourly mean values (in
nT) of B, and B, from the King catalogue (King,
1983) following the accepted practice. If the time of
the flight happened to be in the first half of an hour,
the data were used with a one-hour lag and, if in the
second half, the data for the given hour were taken.

The results of the work (Benkova er al., 1989) have
shown the dependence of the trough position on the
IMF to be of a rather complicated character. It has
been found that in the northern hemisphere for both
night and day the trough position dependence on the
value of the vertical component (B;) is distinctly
revealed with B, < 0, and is non-existent with By > 0.
Our analysis has shown that in the southern hemi-
sphere a reverse regularity is observed.

Figure 3 presents the A®, variations against the Z
(vertical) IMF component for the day and night
sectors of local geomagnetic time. To construct the
dependences, values with negative azimuthal com-
ponent were used for the northern hemisphere and
with positive component for the southern hemisphere.
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Fig. 3. Dependence of A®’ for the northern (B, < 0) and
southern (By > 0) hemispheres for the daytime and night
sectors.
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As seen from the figure, the trough position vari-
ations against vertical IMF component are the same
in the northern and southern hemispheres and can be
described by a common regression equation. For the
nighttime, this has the form

AD, = 0.83B,+0.60 r=078+0.04 (3)

and for the daytime
Ad, =0.84B,+1.87

Comparison of the two regression equations for
day and night shows that, starting with noon to the
early morning, the trough clearly changes its position
under the influence of B,. The difference in the value
of A®, at B, = 0 is due to the fact that at night the
position of the trough minimum was taken [equation
(1)] while by day that of its equatorial boundary
[equation (2)] was taken, i.e. this gives the average
difference, in degrees, between the positions of the two
trough characteristics. Figures 4 and 5 present graphs
of A®, against azimuthal IMF component for the
night and day hours of each hemisphere separately.
Since the influence of By is most noticeable with the
northern direction of the IMF (Troshichev, 1982),
the relationships given were constructed for the con-
ditions B, > 0 only. The parameters of the corres-
ponding regression equations are given in Table 2.
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Fig. 4. IMF By control of A®’ at B, > 0 for the daytime
sector of the northern and southern hemispheres.
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Fig. 5. IMF B, contro! of A®" at B, > 0 for the nighttime
sector of the northern and southern hemispheres.

In the northern hemisphere, during both day and
night hours, a negative azimuthal component brings
about a shift of the trough towards the pole and a
positive component towards the equator. This implies
that in that hemisphere the azimuthal and vertical
IMF components act out of phase. In the southern
hemisphere the situation is reversed : a positive azi-
muthal component brings about a shift of the trough
towards the pole and a negative one towards the
equator, which coincides with the effect of the
vertical IMF component.

These results allow us to explain the use, while
constructing the graphs of A®, against B, (Fig. 3),
of the data sets for just one sign of the azimuthal
component: B, < 0 in the northern hemisphere and
B, > 0in the southern hemisphere. This way we elim-
inate the distorting influence of the azimuthal com-
ponents acting opposite in phase with the north-south
component.

Table 2. The parameters of regression equations as follows :

AD = aBy+b
Sector MLT Hemisphere a b £ o
18-06 h Northern ‘03i(E —0.74 E)O_S
12-17h Northern  —-0.29 —1.86 —0.68 0.09
12-17h Southern +0.49 +2.96 081 0.12
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The results obtained on the influence of the IMF
on the main ionospheric trough are in a good agree-
ment with Nakai’s studies of the B, parameter effect
on the auroral oval size in the nighttime sector
(Nakai, 1987). However, our results are not in agree-
ment with the conclusion of Nakai (1987) concerning
the effects of the azimuthal component. According to
Nakai, the oval in both hemispheres extends in local
winter for B, > 0 in contrast to our data (Figs 4 and
5) which show an equatorward displacement in the
northern hemisphere and a poleward displacement in
the southern hemisphere.

5. CONCLUSIONS

Summing up the results of our study the dependence
of the variations of the main ionospheric trough
position on longitude and the IMF parameters in
the northern and southern hemispheres, we can con-
clude the following.

(1) The longitudinal variations of the trough pos-
ition in the different hemispheres prove to be different.
In the northern hemisphere, they have the shape of
a double wave (180° longitude, day) with an half
amplitude of 4-6° of latitude in both day and night
sectors; in the southern hemisphere, a single wave
(360° longitude, one day) with an amplitude of about
6° at night and 10-12° by day.

(2) The trough position depends on the direction
and magnitude of B;. The dependence is the same for
both hemispheres, and is more pronounced for B, < 0
in the northern hemisphere and for B, > 0 in the
southern hemisphere. In the night sector, as well as in
the day time, the trough shifts towards the pole by
0.8-1° for B, growing by 1 nT.

(3) The IMF azimuthal component influence on the
trough position 1s most pronounced when there is
a northern IMF component (B, > 0). The effect is
different in the different hemispheres during the local
winter. The trough shifts towards the pole (equator)
with B, < 0 (B, > 0) in the northern hemisphere, and
By > 0 (By < 0) in the southern hemisphere. That is,
both IMF components (vertical, as well as azimuthal)
affect the trough shift in the same direction in the
southern hemisphere (the June solstice) but in the
opposite direction in the northern hemisphere (the
December solstice).

(4) The results obtained here indicate the need to
correct existing models of trough dynamics. The
established variations of the trough position with
longitude and the IMF parameters are comparable
with the diurnal variations and with the influence of
geomagnetic activity.
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