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Abstract-An extensive set of Kosmos-900 satellite data for heights of 350-550 km is used to study the causes
of the large spread in latitude of the ionospheric-trough position under daytime winter conditions. It is shown
that two types of trough actually exist at daytime. The daytime main ionospheric trough (MIT) is essentially
similar in shape to the nighttime MIT. Since this trough is observed equatorward of the auroral oval nonnal\y
in the shadow region, it is recorded more rarely in the northern hemisphere and at noon. The second trough has
a characteristic shape with a steep equatorial wall and a poorly developed polar wall. It is mainly observed at
sunlit longitudes and is therefore recorded more frequently at noon and in the northern hemisphere. The second
trough lies at a higher latitude than the first one and is found in the auroral-oval region but equatorward of the
cusp at near-noon hours. The daytime MIT results from the decay of ionization in the total-shadow region,
where there are no ionization sources throughout the day. The second trough, along with the nighttime MIT,
forms in the stagnation region in the evening sector, but apparently in the band of the westward drift, and is
supported at daytime by strong electric fields and field-aligned currents.

INTRODUCTION

The main (MIT) or, alternatively, mid-latitude iono
spheric trough (MLIT) was actually revealed by Alou
ette 1 data as a nighttime phenomenon [1]. In the course
of time, it emerged that the trough could also be
observed at daytime (see, e.g., [2]). However, only few
attempts were made to determine the trough position
for all hours of local time [3-6]. This is not accidental
and is attributable to certain difficulties involved in
interpreting the data, among which are the following:
the daytime trough lies at a very high latitude, and it
cannot be observed by all methods (see [5, 6]); the day
time trough is less pronounced than the nighttime one
[3]; the trough at daytime is observed much more rarely
than at nighttime [3, 5]; the scatter of data in latitude at
daytime is very large, which may be due to the presence
of not one but two troughs [3] and a strong dependence
of the positions of auroral structures on solar-wind and
IMF parameters [7]. A large scatter of data is also
observed for night hours; the mean statistical deviation
in latitude is 2°_3°, while the mean trough position for
midnight determined in various experiments may differ
by 5°-6° (see, e.g., [8,9]). The spread in the nighttime
trough positions is determined by many factors, and
some of them have recently been eliminated. In partic
ular, large variations of the trough position with longi
tude were distinguished [10], the effective Kp index for
determining the trough position which takes into
account the delay of trough response to a magnetic dis
turbance [11, 12] was introduced, an index for deter
mining the trough position during strong storms which

is more suitable than Kp (DR index) was introduced
[13], and the MLIT was separated into the MIT con
trolled by Kp and the RIT (ring ionospheric trough)
associated with the ring magnetospheric current [12].
This all allowed us to sharply decrease the scatter of
data (down to 1°_1.3°) and to construct a much more
complete and accurate model of the nighttime trough
for winter and equinox conditions [12, 14]. The method
of data analysis we developed allows a similar study of
the causes of the large spread in ionospheric-trough
position to be carried out for daytime conditions.

OBSERVATIONAL DATA

In this study, we use direct Kosmos-900 satellite
measurements of N, and T, for the period of mean and
high solar activity (1977-1979). In this time, the height
of the satellite's circular orbit decreased from -550 to
-350 km due to braking. The data set includes about
3000 satellite passes over the high-latitude ionosphere
of both hemispheres. The data cover the entire range of
longitudes, all hours of magnetic local time (MLT), the
range Kp = 0-8, and refer to winter conditions. The dis
creteness of the N, and Te measurements was so high
that the error in the position of the trough minimum is
determined only by the data reduction technique and
does not exceed 0.5°. Below, the trough position as
determined from Kosmos-900 is compared with data
from other experiments in terms of the invariant lati
tude <I>.
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Abstract-An extensive set of Kosmos-900 satellite data for heights of 350-550 km is used to study the causes
of the large spread in latitude of the ionospheric-trough position under daytime winter conditions. It is shown
that two types of trough actually exist at daytime. The daytime main ionospheric trough (MIT) is essentially
similar in shape to the nighttime MIT. Since this trough is observed equatorward of the auroral oval normally
in the shadow region, it is recorded more rarely in the northern hemisphere and at noon. The second trough has
a characteristic shape with a steep equatorial wall and a poorly developed polar wall. It is mainly observed at
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forms in the stagnation region in the evening sector, but apparently in the band of the westward drift, and is
supported at daytime by strong electric fields and field-aligned currents.

INTRODUCTION

The main (MIT) or, alternatively, mid-latitude iono
spheric trough (MLIT) was actually revealed by Alou
ette 1 data as a nighttime phenomenon [1]. In the course
of time, it emerged that the trough could also be
observed at daytime (see, e.g., [2]). However, only few
attempts were made to determine the trough position
for all hours of local time [3-6]. This is not accidental
and is attributable to certain difficulties involved in
interpreting the data, among which are the following:
the daytime trough lies at a very high latitude, and it
cannot be observed by all methods (see [5, 6]); the day
time trough is less pronounced than the nighttime one
[3]; the trough at daytime is observed much more rarely
than at nighttime [3, 5]; the scatter of data in latitude at
daytime is very large, which may be due to the presence
of not one but two troughs [3] and a strong dependence
of the positions of auroral structures on solar-wind and
IMF parameters [7]. A large scatter of data is also
observed for night hours; the mean statistical deviation
in latitude is 2°_3°, while the mean trough position for
midnight determined in various experiments may differ
by 5°-6° (see, e.g., [8, 9]). The spread in the nighttime
trough positions is determined by many factors, and
some of them have recently been eliminated. In partic
ular, large variations of the trough position with longi
tude were distinguished [10], the effective Kp index for
determining the trough position which takes into
account the delay of trough response to a magnetic dis
turbance [I 1, ]2] was introduced, an index for deter
mining the trough position during strong storms which

is more suitable than Kp (DR index) was introduced
[13], and the MLIT was separated into the MIT con
trolled by Kp and the RIT (ring ionospheric trough)
associated with the ring magnetospheric current [12].
This all allowed us to sharply decrease the scatter of
data (down to 1°-1.3°) and to construct a much more
complete and accurate model of the nighttime trough
for winter and equinox conditions [12, 14]. The method
of data analysis we developed allows a similar study of
the causes of the large spread in ionospheric-trough
position to be carried out for daytime conditions.

OBSERVATIONAL DATA

In this study, we use direct Kosmos-900 satellite
measurements of N, and T, for the period of mean and
high solar activity (1977-1979). In this time, the height
of the satellite's circular orbit decreased from -550 to
-350 km due to braking. The data set includes about
3000 satellite passes over the high-latitude ionosphere
of both hemispheres. The data cover the entire range of
longitudes, all hours of magnetic local time (MLT), the
range Kp = 0-8, and refer to winter conditions. The dis
creteness of the N, and Te measurements was so high
that the error in the position of the trough minimum is
determined only by the data reduction technique and
does not exceed 0.5°. Below, the trough position as
determined from Kosmos-900 is compared with data
from other experiments in terms of the invariant lati
tude <1>.
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A detailed analysis of the entire daytime data set
does reveal two types of trough. One of them essen
tially matches in shape the classical nighttime main
ionospheric trough, because it is characterized by a
steep polar wall, a deep minimum, and a distinct equa
torial wall (Fig. 2d). Since this trough is observed
mainly in the shadow, it is recorded at noon most rarely.
Variations in the probability of occurrence of a trough
with local time are shown in Fig. 3 separately for the
northern and southern hemispheres. The trough of the
first type is always observed several degrees below the
equatorial auroral diffuse precipitation boundary
(DPB), i.e., equatorward of the auroral oval. As this
trough essentially matches the nighttime MIT both in
shape and in position (with respect to the auroral oval),
we retain for it the established definition-the daytime
main ionospheric trough, though it may be caused by
other factors than the nighttime MIT.

The other daytime trough differs markedly from the
classical MIT both in position and, particularly, in
shape. It is characterized by a very steep equatorial
wall, a well-defined minimum, and, as a rule, an indis
tinct polar wall (Figs. 2a, 2b). At evening hours (16
18 MLT), it has the largest depth and is observed at
higher latitudes than the MIT, so its minimum at this
time is located very close to or even inside the auroral
oval (Fig. 2a). By contrast, the trough of the second
type is mainly observed at sunlit longitudes and, conse
quently, is recorded most frequently at noon. It is at this
time that the trough assumes its characteristic shape
with a well developed equatorial wall and an indistinct
polar wall (Fig. 2b). At noon, the trough can be deep
inside the auroral oval (Fig. 2b). As one approaches the
morning hours, it becomes progressively less devel
oped. Variations in the probability of occurrence of this
trough with local time are also shown in Fig, 3. We see
that the trough of the second type appears at 17
18 MLT, is observed most frequently at afternoon
hours, and disappears in the morning, at 7-8 MLT. It is
more frequently observed in the northern hemisphere
than in the southern one. For the daytime MIT, an oppo
site tendency can be noted (Fig. 3): it is recorded much
more frequently in the southern hemisphere.

from the nighttime data in Fig. la. In this case, the scat
ter of data at nighttime is therefore 6°_8° (the rms devi
ation is - 20.0°). The scatter at daytime is almost twice
as large and reaches 15° at 8-9 MLT. This scatter can
not be reduced appreciably by substituting B, or BzVs,
where Vs is the solar-wind velocity, for the Kp index.
This is contrary to our expectations, because the main
ionospheric trough is closely associated with the equa
torial boundary of the auroral oval, whose position is
determined by variations in B, and Vs with a fairly high
correlation coefficient [7], Thus, it should probably be
assumed that there are several structures at daytime,
most likely two different troughs attributable to differ
ent formation mechanisms.
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Fig. 1. Variations of the ionospheric-trough positions with
magnetic local time for K =2--4 (the mean is Kp =3):
(a) for all longitudes of bofh hemispheres; (b) only for the
most illuminated longitudes; (c) only for the region of the
deepest shadow. (1) The position of the equatorial boundary
of the auroral oval according to the model [20], (2) the posi
tion of the trough minimum as deduced fromAlouette 1 data
in the evening sector [I J, (3) the position ofthe maximum of
the field-aligned current in the prenoon sector [37]; the
crosses in Fig. Ib and Fig. Ic mark the positions of Mul
drew's trough. In Fig. 1b, the region of soft-electron precip
itations near the cusp [21] is hatched.

As an example, Fig. la shows the trough position for
quiet-time and weakly disturbed conditions: Kp = 2-4.
The data were reduced to the mean K; = 3 with allow
ance for a 2.3° shift per unit Kp • (For the remaining
intervals of Kp, the pattern is similar.) Note that, since
the number of daytime observations (due to the pecu
liarities of the Kosmos-900 operation program) and the
probability of occurrence of a trough at daytime are
smaller than those at nighttime, the nighttime data set is
much larger than the daytime one. The ring trough,
which was recorded particularly frequently in the range
K, = 2-4 at latitudes 55°-58° <I> [11, 13], was excluded
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Fig. 2. Variations ofNe (solid curves) and Te (dashed curves)
with invariant latitude as obtained from Kosmos-900 data
under the conditions given in the table (for a latitude of 60").
The terminator location is indicated by circles, and the equa
torial boundary of the auroral oval according to the model
[20] is indicated by arrows.

DISCUSSION OF RESULTS

Since at daytime one type of trough is observed only
in the shadow, while the other is commonly observed at
sunlit longitudes, it will be more correct to present

tions in probability for both troughs are in antiphase,
and the total probability of occurrence of the trough
without separating it into different types is virtually
constant with local time and is very large (-80%) for
daytime. This fact is rather unexpected. Thus, the prob
ability of occurrence of the trough at daytime depends
markedly on observing conditions: what type of trough
is recorded, in which hemisphere, at which longitudes,
etc. Therefore, the results of a statistical analysis for
daytime may differ markedly (see, e.g., [3, 16]).

As one passes from evening hours to noon, the two
branches of the trough become increasingly separated.
Therefore, even at near-noon hours all variants can be
observed: the troughs are recorded separately, but they
are separated much more strongly in latitude; both
troughs (and the corresponding peaks of 1'e) are
observed simultaneously; the troughs merge into one
with a wide bottom, in which, however, two local min
ima are frequently recorded-near its polar wall and at
some distance from it. The last variant is probably
shown in Fig. 2d, and the case of observation of both
daytime troughs simultaneously is shown in Fig. 2c.
This case is realized at transitional longitudes with a
shallow shadow, where the equatorial wall of the trough
of the second type has not yet been completely
destroyed and, consequently, the daytime MIT is not
developed. This all will occur only in the region of total
shadow, and only a weak minimum near the polar wall
(and close to the DPB) will then be left from the trough
of the second type (Fig. 2d). Thus, at the longitudes of
a deep shadow, the daytime MIT usually masks the sec
ond trough, and it is observed rarely. At morning hours,
if both troughs are observed simultaneously, they are
clearly distinguished because of their even larger sepa
ration in latitude than that at noon. However, since the
trough of the second type is indistinct in the morning,
in the data analysis it is revealed rarely and more likely
at transitional longitudes, where it is preserved longer,
than at sunlit ones.

For completeness, it should be noted that yet
another trough, the so-called high-latitude trough, is
commonly observed in the auroral oval closer to its
polar edge. It was also detected by the Alouette 1 satel
lite and was studied most extensively using aGO 6 sat
ellite data [15]. It differs from the troughs under consid
eration by a characteristic, very nonuniform structure
even in the region of the equatorial wall, because it is
always formed deep inside the auroral oval, in the band
of strong precipitations of particles and nonuniform
electric fields. The study of the parameters of the high
latitude trough is beyond the scope of this paper; how
ever, we had to distinguish it by using Kosmos-900 data
in order to exclude it from the analysis. Thus, apart
from the high-latitude trough, not one but two types of
ionospheric trough are observed under daytime winter
conditions. Though it was evident from the outset that
the structures so widely separated in latitude cannot be
associated with the same set of formation mechanisms,
a clear idea of the presence of two troughs appeared
only after an attempt to combine all data in a single
structure failed and the characteristics of both troughs
were studied in detail. Note also that in controversial
cases (mainly in the evening sector), the trough was
classified as belonging to both types.

If the troughs are not distinguished but considered
together, then, as we see from Fig. 3, the total probabil
ity of occurrence of the trough is at a minimum in the
morning; in this case, it decreases to -50% in the north
ern hemisphere. In the southern hemisphere, the varia-
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In Fig. 1, the dashed line indicates the location of

the equatorial boundary of the auroral oval obtained for
the magnetic activity in question from the model [20].
At nighttime, the precipitations of soft electrons tE, <
1 keV) near this boundary are known to form the polar
wall of the trough. In the dayside oval, the precipitation
structure is much more complex, so a we11-defined
equatorial boundary of the precipitations is observed
here only in -30% of the cases, and the scatter of data
is much larger [21]. The precipitation structure at day
time is also more complex, because a band of intense
precipitations of soft electrons associated with the day
side cusp is observed at the polar boundary of the oval.
The polar peak of N, [22], the peak of T, [23], and the
abrupt increase in the intensity of the 6300 A line emis
sion [24] are usua11y associated with these precipita
tions. At the ionospheric level, the cusp is norma11y pro
jected as a latitudina11y elongated spot. The size of this
spot is -200-500 km, which is approximately ±2 h of
local time 00-14 LT). However, the region of particle
precipitations and of the appearance of N, and T,peaks,
as we11 as the region of daytime 6300 A line emission
in the F region, are much wider than the cusp projec
tion. As an example, Figure 2b shows the contours of
the band of soft-electron precipitations at a level of
30 x 107 electrons/rem- s ster) obtained from satellite
data in [21]. The polar peak of N, associated with the
dayside cusp [22] is located in time and latitude in just
the same way, and the region of 6300 A line emission
[24] appears in just the same way. As we see from
Fig. 1b, the precipitations of soft particles and the
related ionization peak are observed on the polar wa11
of the daytime trough of the second type. Thus, at near
noon hours this trough is associated with the dayside
cusp. The observations of a well developed trough
equatorward of the dayside cusp, including Kosmos
900 [25] and Interkosmos-19 [26] data, have long been
known.

Let us compare the trough positions determined
from Kosmos-900 data at upper-ionosphere heights of
350-550 km with the trough positions as deduced from
other observations. The first observations of the trough
were carried out by Muldrew using the Alouette 1 sat
ellite over North America [1], i.e., at sunlit longitudes
and, consequently, must closely agree with the Kos
mos-900 data in Fig. lb. Indeed, the solid line which
represents Alouette 1 data in Fig. 1b coincides with the
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Fig. 3. Variations in the probability (P) of occurrence of ion
ospheric troughs with magnetic local time in the northern
(a) and southern (b) hemispheres: (1) the daytime MIT, (2)
Muldrew's trough, (3) the two troughs together.

Fig. 1 in two variants. Figure 1b shows the daytime
troughs observed only at the most illuminated longi
tudes of 210°-330° in the northern hemispheres and
60°-180° in the southern hemisphere. By contrast,
Fig. lc shows the troughs that are observed in the
region of the deepest shadow at longitudes of 60°-180°
and 240°-360° in the northern and southern hemi
spheres, respectively. We see from Fig. lc that at unil
luminated longitudes, the daytime and nighttime MIT
represent one, continuous (during the day) branch of
the trough bounded in latitude by the auroral oval.
Figure 1b presents the higher latitude branch of the
trough, which begins in the evening sector, goes into
the auroral oval at near-noon hours, and is rarely
observed in the morning. Ifwe restrict our analysis only
to the noon hours, the above fixed longitude sectors
also mean fixed intervals of universal time: 14-22 UT
and 00-08 UT in the northern and southern hemi
spheres, respectively, for Fig. 1band 00-08 UT and
12-20 UT for Fig. lc, respectively. In other words,
there is a UT control of the daytime trough, which was
previously discussed theoretically in comparison with
ground-based sounding data [17-19].

320

Data on the Kosmos-900 turns presented in Fig. 2

Sequential Revolution Date UT MLT Longitude Kpindex Hemisphere
number number

a 9663 Dec. 21, 1978 15:33 18.0 15 2- Northern

b 10098 Jan. 18, 1978 17:11 12.0 290 3° Northern

c 9781 Dec. 29, 1978 03:14 13.0 180 3- Northern

d 12607 June 28, 1979 16:24 12.0 290 1- Southern
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position of the nighttime MIT at night hours and deter
mines the mean position of the trough of the second
type at afternoon hours for Kosmos-900. For brevity,
this trough can therefore be called "Muldrew's trough".

The trough position for all days was determined
from data of ground-based oblique sounding in Yakutia
[4] by the Doppler method using the Transit satellites
[5, 6] and direct ISIS 1 and Injun 5 satellite measure
ments [3]. However, oblique sounding reveals a sharp
gradient in density (the polar wall of the MIT?) north of
the Tixie Bay Station (<<I> = 65°), and its data are difficult
to use for a direct comparison. Transit satellite mea
surements of the total electron content (-f0F2) are
restricted by data of the station located at <I> =68° and,
consequently, allow the position of only the lower lati
tude trough to be determined. Indeed, the position of
the trough minimum determined by this method in [5]
for Kp = 3 is at <I> - 69° at noon, which is much closer
to the mean position of the daytime MIT than to the
position of Muldrew's trough in Fig. 1.As for the ISIS 1
and Injun 5 satellites, they had orbital inclinations large
enough to observe both troughs. And, indeed, two
troughs were detected at heights h » 1500 km, but no
such a separation could be made for smaller heights.
Since the position of the top of the trough equatorial
wall for h < 1500 km was determined from these data
for Kp :53 in terms of LT and L shells, a direct compar
ison with the trough minimum in Fig. 1 is impossible.
To do this, at least approximately, the positions of both
structures were matched for midnight hours, because
the trough at this time is identified by all methods most
clearly. If the trough positions coincide at midnight,
then, as one might expect, the trough position deter
mined in [3] for heights below 1500 km at daytime is
between the MIT and Muldrew's trough positions
obtained from Kosmos-900 data (at noon for Kp =3 at
«I> - 72°). This appears to be the mean for the entire set
of daytime data. The aforesaid also fully applies to the
trough distinguished by the so-called "bite-out" in the
diurnal variation of foF2 using data of vertical-sound
ing stations in the afternoon sector [27]. Theoretical
studies of the longitude effect (UT control) based on
data of ground-based sounding for the IGY period
reveal the presence of both troughs in the shadow
region and their complete absence at sunlit longitudes
[19]. However, the experimental data from [19] are in
agreement with the Kosmos-900 data in Fig. 1. Finally,
based on the total-shadow mechanism, Kolesnik et at.
[17] calculated the position of the daytime MIT, and it
coincides with the position of Muldrew's trough
obtained for sunlit longitudes (see Fig. 5.18 on page
158). However, there is no contradiction here, because
in their calculations the authors used the model of par
ticle precipitations from [21], according to which the
trough polar wall is formed by precipitations in the
cusp region. As was noted above, the particle precipita
tions in the dayside oval are irregular in nature; there
fore, the polar wall can apparently be formed in a fairly

wide range of latitudes. Figure 1c also provides circum
stantial evidence for this. This fact introduces addi
tional uncertainties into the picture of the dayside high
latitude ionosphere, and, consequently, a comparison of
calculations with experimental data should be made
with maximum caution. It should also be remembered
that the situation in the cusp region (the pattern of con
vection and particle precipitation, the distribution of
field-aligned currents, and the position of the cusp itself
[25, 28]) depends strongly not only on B, but also on
the IMF By. Thus, Fig. 1 shows an average situation in
the dayside auroral ionosphere, which will apparently
change significantly with conditions.

An additional analysis also shows that the positions
of the equatorial boundary of auroral structures, such as
the boundary of density irregularities and the associ
ated scintillations and F scatterings, behave in a similar
way; i.e., under different conditions they coincide alter
natively with the low-latitude and high-latitude
branches of the trough (see [29]). Thus, the Kosmos
900 data are in good agreement with other measure
ments and, moreover, allow some discrepancies
between them to be explained.

Let us discuss the possible formation mechanisms
of both troughs. Most frequently, even during very
quiet periods, the trough is observed in the evening sec
tor (17-18 LT). This is undoubtedly associated with the
classical, stagnation trough formation mechanism
attributable to convection stagnation in the shadow
region [30]. During disturbances (substorms), the effect
of rapid drift [31] is added to it, because the probability
of occurrence of the trough in the evening sector
increases with growing magnetic disturbance. As the
Earth rotates, the emerged trough is brought to latitudes
«I> - 62°-64° in the morning. Next, the situation
depends on longitude. At sunlit longitudes, the trough
is rapidly filled with solar ionization immediately after
sunrise. At unilluminated longitudes, the trough exists
for the entire day but at much higher latitudes, which
reach 73°-74° <I> at noon under quiet-time conditions.
As one might expect, it is observed most rarely at near
noon hours and most frequently at the longitudes of the
deepest shadow, which is reached, other things being
equal, at longitudes of 240°-360° in the southern hemi
sphere. The effect of a "total" shadow was studied the
oretically in [17-19] for various UT. It was shown that
the total shadow, where there are no ionization sources
in winter throughout the day, is observed in a crescent
shaped region between the terminator and the DPB; its
sizes vary with UT [17]. During winter solstice at noon
at the MIT latitude (<I> - 73° for Kp = 0), the total
shadow is observed at longitudes 320°-0°-230° in the
northern hemisphere and 175°-0°-70° in the southern
hemisphere, i.e., approximately on 70-75% of the
entire length of the 73° «I> parallel. This is because of
the difference between the geographic and geomag
netic poles and the different magnetic-field geometry in
the northern and southern hemispheres. At the iono-
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spheric height, given the ionization at large (90°-95°)
solar zenith angles, the shadow occupies a smaller area;
however, there is still a wide range of longitudes in
which the effect of solar ionization at daytime is weak,
while at nighttime, as a consequence, the flux from the
protonosphere that maintains the F region is low.As we
see from Fig. 2, the general ionization level in the
shadow region is much lower than that at sunlit longi
tudes. Since the difference between the poles is at a
maximum at longitudes close to 290° in the southern
hemisphere, the shadow is deepest here. For this rea
son, the daytime MIT is observed more frequently in
the southern hemisphere than in the northern one, and
the probability of its occurrence in the region of the
deepest shadow of the southern hemisphere reaches
-80% even at noon. Furthermore, the position of the
daytime trough, along with that of the nighttime MIT,
also depend on longitude. However, a detailed analysis
of longitude variations in the daytime-trough character
istics is beyond the scope of this paper and will be per
formed separately. In the northern hemisphere, the lati
tudes of the daytime trough are illuminated in a wider
range of longitudes than those in the southern one, and
probably for this reason the daytime MIT is observed
less frequently in it and the trough of the second type is
recorded more frequently (Fig. 3). The probability of its
occurrence in the northern hemisphere at afternoon
hours reaches 60%. As the Kp index increases, the DPB
displaces equatorward, the shadow size decreases, and
the trough is gradually filled. An analysis of the Kos
mos-900 data shows that, indeed, the probability of
occurrence of the daytime MIT decreases with growing
magnetic activity. Thus, the trough formed in the
evening in the stagnation region exists for the entire
night until the morning at latitudes 62°_64° <1>, while
the trough formed in the total-shadow region is
observed up to latitudes 73°-74° <1>. Thus, in general,
these are different troughs, although their formation
mechanism is basically the same-the decay of ioniza
tion in the absence of its sources.

Several factors are probably responsible for Mul
drew's trough. Its occurrence in the evening sector is
also associated with stagnation. In this case, the trough
minimum is known to be formed not along the stagna
tion line but slightly poleward, in the band of the west
ward drift [30, 32]. Therefore, the depleted flux tubes
are carried away by this drift at noon. Muldrew's trough
appears to be virtually always in the region of auroral
particle precipitations. Its polar wall is determined by
the polar peak of Ne, which is usually associated with
the band of intense precipitations of soft electrons (Ee =
0.2-0.5 keY) from the dayside cusp. The band of these
precipitations, the polar peak of Ne, and the irregular
structure of the F region are much broader than the ion
ospheric projection of the dayside cusp and extend to
the morning, as shown in Fig. lb. This may be attribut
able to particle precipitations not only from the transi
tion layer but also from the dayside boundary layer

[33], as well as to the plasma redistribution due to the
heating by precipitating particles [34] and under the
effect of large-scale convection [35].

The decrease in density at the minimum of Mul
drew's trough at near-noon hours is apparently caused
by strong electric fields, which are commonly observed
in the band of auroral particle precipitations in general
and near the equatorial boundary of the cusp in partic
ular [35]. In the prenoon sector, it is also necessary to
take into account the field-aligned current. It is shown
in [36] that the current flowing into the ionosphere is
capable of producing a strong electron-density deple
tion. The position of the inflowing current for 06-12 LT
is indicated in Fig. Ib by the dashed line. Since it is
given in [36] for a lower magnetic activity (AE <
100 nT), we introduced an equatorward shift by 5°. As
we see from Fig. 1b, for such a shift, the position of the
field-aligned current coincides fairly closely with the
trough minimum. The presumed formation mechanism
suggests that Muldrew's trough must be observed at all
longitudes, and not only at sunlit ones. In the shadow at
the latitudes of its steep equatorial wall, the ionization
apparently decays to form the daytime MIT. Thus, the
MIT masks Muldrew's trough, as can be seen in
Fig.2d.

Thus, we determined the sets of characteristics of
both daytime troughs by which they can be distin
guished from each other. The daytime MIT lies several
degrees equatorward of the auroral oval, while the
higher latitude Muldrew's trough at near-noon hours is
located deep in the auroral oval but equatorward of the
cusp. The daytime MIT is observed in the shadow; it is
recorded most rarely at noon and more rarely in the
northern hemisphere than in the southern one. By con
trast, Muldrew's trough is mainly observed at sunlit
longitudes, it is recorded most frequently at noon and
more frequently in the northern hemisphere than in the
southern one. Since the daytime and nighttime MITs
are essentially similar in shape and position (with
respect to the auroral oval), they form a single branch
of the main ionospheric trough at the longitudes of the
total shadow. Muldrew's trough is distinguished by its
characteristic shape with a very steep equatorial wall
and an indistinct polar wall. Since it is indistinct and
rarely observed in the morning, the ionospheric troughs
are not observed as a single branch throughout the day
at sunlit longitudes. Our analysis also shows that the
positions of both daytime troughs depend on longitude;
for the daytime MIT, this dependence is stronger. The
probability of occurrence of the daytime MIT decreases
with growing magnetic activity, whereas for Muldrew's
trough the tendency is opposite. The daytime MIT is
formed in the total-shadow region between the termina
tor and the DPB, where there are no ionization sources
throughout the day. Muldrew's trough is formed in the
stagnation region in the evening sector and is brought
by the westward drift to the dayside sector, where it is
apparently maintained by strong electric fields and
field-aligned currents.
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CONCLUSION

Thus, the assumption that there are two types of
daytime troughs-the dayside MIT and Muldrew's
trough--ean apparently be considered to be proven.
The main parameters of both troughs by which they are
distinguished fairly clearly have been identified. These
distinctions concern the shape of the troughs, their
positions with respect to other structures in the high
latitude ionosphere, the probability of occurrence, and
their formation mechanisms. An overall picture of the
trough has been constructed for all days. This picture is
not only in good agreement with other observations but
also allows us to explain some significant contradic
tions in the relative positions of auroral-ionosphere
structures. Our results can serve as a basis for con
structing a complete model of the winter ionospheric
trough, i.e., the model for all hours of local time. Note,
however, that, in contrast to nighttime, this model for
daytime is probabilistic in nature.

Our results also suggest that the high-latitude iono
sphere of the northern and southern hemispheres is
highly asymmetric. The asymmetry manifests itself in
a different dependence of the probability of occurrence,
configuration, and localization of the troughs on longi
tude, local and universal time, and magnetic activity. As
a result, the distribution of electron density in the win
ter dayside high-latitude ionosphere of different hemi
spheres differs markedly for different local and univer
sal times. In other words, the longitude effect and the
UT-control of the high-latitude ionosphere are different
in different hemispheres.
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