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Abstract. Maps of foF2, hmF2, and plasma frequency,
fp, in the topside ionosphere at low latitudes, derived from
Intercosmos-19 satellite topside sounding data, obtained
from March 1979 to January 1981 and covering all longi-
tudes, are presented for quiet geomagnetic conditions in June
and December solstices at solar maximum for several local
time intervals during the night. Based on these maps, fea-
tures of the equatorial anomaly (EA) at different longitudes
and their change during the night are considered. The maps
show that averagedfoF2, hmF2, andfp longitudinal varia-
tions are rather complicated, their structure looks wave-like
with quasi-periods in longitude of about 75–100◦, similar to
that on individual days revealed previously at low latitudes
using Intercosmos-19 data. Positions of the structure ex-
trema in certain longitude intervals are stable enough so that
they are clearly seen in the maps after averaging over a large
number of measurements made on different days and even
in different years. Such structure seems to need at least five
harmonics for its description.

The maps derived from Intercosmos-19 data were com-
pared with the maps given by the IRI model. Along with gen-
eral resemblance, essential distinctions between them were
found. Intercosmos-19 maps show more complicated and
pronounced longitudinal structure than IRI maps. They also
show that at solar maximum, in general, at night, EA is
stronger and persists for a longer time (on average, until
04:00 LT) than that presented in IRI model. Besides, much
stronger asymmetry between the characteristics of the EA
northern and southern crests in certain longitude intervals
was revealed, most evident inhmF2 maps.
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1 Introduction

Since its discovery, the equatorial anomaly (EA) has been
investigated mainly in three longitude sectors: American,
African, and East-Asian, where meridional chains of ground-
based ionospheric stations cover both the Northern and
Southern Hemispheres. It has been found that EA charac-
teristics in these sectors differ considerably for the same lo-
cal times, seasons, and latitudes – the phenomenon known
as the longitudinal effect (see, e.g. Thomas, 1968; Walker,
1981). But at other longitudes the ground-based stations are
very sparse and almost absent on the oceans, therefore, de-
tails of the EA structure and dynamics at those longitudes are
still very uncertain, so that Rishbeth (2000) included longi-
tude variations into a list of outstanding problems of the low-
latitude ionosphere, and this problem has not been solved up
to now.

Topside sounding from satellites can, to some extent, fill
the data gaps. The Intercosmos-19 satellite is of interest in
this respect. The unique feature of this satellite was a large
onboard memory: it could record one sounding every 64 s
for up to 17 h (10 orbits around the Earth) and could cover
an interval of up to 250◦ in longitude for one observing ses-
sion. The next session could begin shortly after the previous
one, so that in some cases the longitude coverage was even
greater. During almost two years of operation of the sounder
in this regime (March 1979 to January 1981), nearly 200
such sessions were conducted that covered all longitudes,
all seasons, all local times, quiet and disturbed conditions.
The satellite orbit perigee and apogee were about 500 and
1000 km correspondingly; its inclination was near 74◦. One
revolution around the globe took about 100 min; the distance
between consecutive ascending crossings of the equator was
25◦ in longitude, so that the local time (LT) of these cross-
ings was almost constant with a shift of about 1 h in 5 days.
With ascending and descending equator passes it took about
two months to cover all local times.
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The Intercosmos-19 topside sounding data made it possi-
ble to conduct the most detailed analysis to date of the longi-
tudinal variations of the ionosphere. Many unexpected find-
ings were made using these data. For example, it was shown,
for the first time, that the longitude effect, both at mid-
dle and low latitudes was much stronger than had been be-
lieved before (Kochenova, 1987, 1988, 1990; Deminov and
Karpachev, 1988; Karpachev, 1988; Benkova et al., 1990).
Another unexpected and surprising finding was a fairly com-
plicated longitudinal structure of F2-layer parameters at low
latitudes. Analysis of individual periods of Intercosmos-19
sounder data obtained during quiet conditions showed that at
nighttime, at low latitudes,foF2 andhmF2 longitudinal vari-
ations, in most cases, have more or less a regular wave-like
character with quasi-periods of 75 to 100◦ in longitude and
amplitudes, on average, 2 to 4 MHz and in some cases up
to 8 MHz for foF2 (Deminova, 1993, 1995) and, on average,
50 to 100 km, sometimes up to 200 km, forhmF2 (Demi-
nova, 2002a, b). Such structures were observed in about
80% of all examined periods irrespective of season and lo-
cal time, at least in the interval from 18:00 to 04:00 LT. From
the analysis of all considered periods it was found that in
most cases maxima and minima of the structure tend to oc-
cur in the same longitude intervals for all local times during
night and in all seasons. In the June solstice the sharpest
changes infoF2 are observed at longitudes near 0◦, with am-
plitudes up to 8 MHz. The deepest minimum offoF2 occurs
near 330◦; it is observed both at the EA trough and crests and
decreases beyond about 40◦ of the dip. At other longitudes
maxima (minima) offoF2 at the magnetic equator most of-
ten correspond to minima (maxima) offoF2 at the EA crests
and to decrease (increase) in the distance between the crests
and the equator, i.e. the whole EA phenomenon shows a kind
of longitudinal modulation with a quasi-period between 75◦

and 100◦ (Deminova, 2003a). Such an anti-phase pattern
of foF2 variations along the EA trough and crests is typical
before and near midnight, but towards morning these varia-
tions sometimes become in-phase. Variations ofhmF2 and
foF2 along the magnetic equator are generally in anti-phase
(Karpachev, 1988; Deminova, 2002a), but at EA crests there
is no clear anticorrelation between them. In the December
solstice the amplitudes of this structure are somewhat smaller
than in June and the minimum near 330◦ is not deeper than
other minima. In the September equinox the pattern is more
similar to that of June than of December, and in the vernal
equinox it is more similar to that of December. The spatial
structure offoF2 longitudinal variations is usually kept rather
constant during several days in succession; in individual pe-
riods the whole structure can be displaced by 10 to 20◦ in
longitude relative to a previous day. In the region of the EA
crests the amplitudes of these wave-like variations are notice-
ably greater than in the EA trough. Towards middle latitudes
this wave-like structure gradually diminishes, disappearing
beyond about 40◦ of the dip (Deminova, 1995). Outside the
low-latitude belt the longitudinal variations offoF2 may be

described rather exactly by just one harmonic in the Southern
and two in the Northern Hemisphere, in agreement with the
results of Deminov and Karpachev (1988).

Mechanisms responsible for the formation of such detailed
structure are not known up to now. The first two harmon-
ics of the longitudinal effect can be explained by the longi-
tude variations of the geomagnetic field declination,D. The
point is thatfoF2 is influenced by the thermospheric wind
which can move ionization up to a region of weaker recom-
bination or down to a region of stronger recombination, de-
pending on the angle between the wind direction and the ge-
omagnetic field; therefore,foF2 at a certain point depends,
among other reasons, onD (e.g. Kohl et al., 1969; Challi-
nor and Eccles, 1971). It is well-known (e.g. Akasofu and
Chapman, 1972) that theD variation along longitude can be
approximated rather exactly by two harmonics in the North-
ern Hemisphere and near the equator and by one harmonic
in the Southern Hemisphere. Just such a pattern of longi-
tudinal variations (two harmonics in the Northern and one
in the Southern Hemisphere) was observed at middle lati-
tudes for electron density,Ne, in the topside ionosphere ob-
tained with in-situ measurements from the Ariel-1 and Ariel-
3 satellites (Eccles et al., 1971) and forfoF2 obtained from
Intercosmos-19 (Deminov and Karpachev, 1988). But this
mechanism cannot account for the detailed structure of the
foF2 andhmF2 changes observed at low latitudes that needs
at least five harmonics for its description. Deminova (1993,
1995) assumed a multimode structure of the thermospheric
winds, temperature, and composition of the thermosphere as
one cause of such a structure. This supposition seems quite
reasonable, as there is experimental evidence that higher har-
monics of these parameters at low latitudes are rather strong
(e.g. Mayr et al., 1979; Herrero and Spenser, 1982; Manson
et al., 2004), but this problem requires further study.

It was revealed from Intercosmos-19 data that during the
daytime the low-latitude ionosphere also has a fairly complex
longitudinal structure (Kochenova, 1987, 1988, 1990). By
day that structure is presumably controlled by the electric
field which changes with longitude (Deminov et al., 1988;
Scherliess and Fejer, 1999).

The complicated longitudinal structure is also seen infoF2
maps for low latitudes derived from Intercosmos-19 data by
averaging a large number of measurements and presented by
Karpachev et al. (2003) for several local time (LT) intervals,
4 maps for daytime and 4 maps for the two LT intervals at
nighttime for the June and December solstices. In these maps
the complicated longitudinal structure is seen both by day
and by nighttime.

This paper continues the investigation of the longitudinal
structure of the low-latitude ionosphere. It presents 6 maps
of foF2 for several LT intervals during night at low latitudes
for June and December solstices and in addition the maps
of hmF2 and plasma frequency,fp, at a height of 500 km,
derived from Intercosmos-19 data for the same LT intervals
asfoF2. A consideration of these maps in combination made
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Fig. 1. The example of data coverage for the maps for 01:00–
03:00 LT of the June solstice.

it possible to analyse in more detail the global structure of
the low-latitude ionosphere and its evolution during night.

2 Maps of foF2, hmF2, and fp in the topside ionosphere
derived from Intercosmos-19 data

Using Intercosmos-19 data it is possible to construct maps of
the longitudinal distribution offoF2 and other ionospheric
parameters based on measurements only, unlike previous
mappings that compensated for the lack of data in some
longitude intervals, especially over the oceans, by using so-
called “screen stations” or theoretical reasoning (e.g. Jones
and Gallet, 1962, 1965; Rush et al., 1983, 1984; Fox and
McNamara, 1988; Bradley, 1990; Rawer, 1995; Bilitza et al.,
1996; Bradley et al., 2004). In fact, Intercosmos-19 provides
the possibility of reconstructing the three-dimensional distri-
bution ofNe in the topside ionosphere.

In this paper maps of the distributions offoF2,hmF2, and
the plasma frequencyfp in the topside ionosphere at a height
of 500 km are presented, which were constructed on the ba-
sis of N(h)-profiles calculated from Intercosmos-19 topside
ionograms. The maps are displayed for low latitudes in the
magnetic dipI interval from −60◦ up to +60◦ for several
intervals of local time in the June and December solstices,
under quiet geomagnetic conditions and for solar maximum.
Data obtained from mid May to August were used for June
solstice maps and data from mid November to February for
December solstice maps. Monthly average values of F10.7
during these periods were between 170 and 229. For each
map nearly 700 to more than 1000 N(h)-profiles obtained
from 1979 to 1981 were used that covered all longitudes
rather uniformly. An example of the data coverage is shown
in Fig. 1 for one of the LT intervals. The maps are based on a
grid of 10◦ in inclination and 20◦ in longitude. A mesh size
was chosen such that, on average, 1 to 6 measurements fell
into each mesh. Values at the grid nodes were obtained from
the measured data by interpolation based on weighting ac-
cording to the square of inverse distance. For each node the
data points occurring within a search ellipse with radii of 30◦
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Fig. 2. Maps offoF2 distribution at low-latitudes for three LT inter-
vals in the December solstice derived from Intercosmos-19 topside
sounding data.

in longitude and 15◦ in inclination were included. Different
radii were tried, and it was found that the ellipse with radii of
20◦ in longitude and 10◦ in inclination gave practically the
same maps as the above and greater ellipses, as one could
expect for the given data density. But for this minimal ellipse
in some LT intervals there was a small number of search ar-
eas, i.e. quadrants of the ellipse, in which no data occurred.
Therefore, to avoid empty search areas the ellipse with the
above radii was chosen.

Figures 2 to 7 show distributions offoF2, hmF2, andfp at
500 km at low latitudes for several LT intervals at night for
the December and June solstices. The three parameters are
presented for all LT intervals except for 03:00–04:00 LT in
the June solstice when the only data available were gathered
in late May 1980 when solar activity was very high and iono-
grams were smeared to a greater or lesser extent by spread-F.
This caused uncertainties inhmF2 andfp calculations that
were too large, although in most cases, it was possible to de-
terminefoF2 values with acceptable accuracy (no worse than
0.3 MHz). For all the other LT intervals there was a sufficient
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Fig. 3. The same as in Fig. 2 but forhmF2.

number of ionograms clear of spread-F that enabled the de-
termination offoF2 with an accuracy near 0.1–0.2 MHz and
hmF2 with an accuracy near 15 km.

In Figs. 2 and 5, which showfoF2 maps, one can see that
in both solstices before midnight the EA trough is slightly
shifted relative to the magnetic equator into the summer
hemisphere almost at all longitudes independently of the rel-
ative positions of the geographic and magnetic equators. This
shift persists from the daytime for which this feature was
described by Karpachev et al. (2003). In thehmF2 maps
(Figs. 3 and 6) before midnight the belt of increasedhmF2
values related to the fountain-effect is also slightly shifted
relative to the magnetic equator into the summer hemisphere.
After midnight this belt disappears almost at all longitudes
except for the 320◦ to 360◦ interval in the both solstices and
near 30◦ in the June solstice. During night, the EA trough
is gradually shifted toward the winter hemisphere, on aver-
age, by 5◦ in inclination, i.e. by 2–3◦ in latitude, almost at
all longitudes. Before midnight both EA crests are located
fairly symmetrically relative to the EA trough at a mean dis-
tance of 30–35◦ in inclination and have approximately equal
amplitudes in both solstices, with averagefoF2 values be-
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Fig. 4. The same as in Fig. 2 but forfp at a height of 500 km.

ing mainly 12 to 14 and 8 to 10 MHz in the EA crests and
trough, respectively. During night both crests shift equator-
ward approximately fromI=30–35◦ to 20–25◦. In general,
EA persists, gradually diminishing in magnitude, almost till
sunrise.

In the June solstice the southern crest decays somewhat
faster than the northern one. In the December solstice both
crests decay with nearly the same rate everywhere except for
the longitude interval approximately from 210 to 270◦, where
the southern crest is seen at 18:00–20:00 LT but is no longer
seen in the map for 21:00–22:00 LT, and both the crests have
almost disappeared in the map for 01:00–03:00 LT. Note that
according to Intercosmos-19 data in individual periods the
southern crest is seen quite distinctly at all longitudes, al-
most up to morning, but there was revealed one peculiarity.
It was found that in the December solstice, at nighttime, in
the region of the EA southern crest, one type of the ioniza-
tion trough can occur which divides the crest top into two by
a depression about 7–10◦ wide in latitude (Deminova, 1999).
In different examples the center of this trough occurs at dif-
ferent latitudes within the dip latitude interval approximately
from −10◦ to −20◦. Just at longitudes from 210 to 270◦

Ann. Geophys., 25, 1827–1835, 2007 www.ann-geophys.net/25/1827/2007/



G. F. Deminova: Maps offoF2,hmF2, and plasma frequency 1831

 

0 30 60 90 120 150 180 210 240 270 300 330 360

Longitude, deg.

                                                               03-04 LT

-60

-40

-20

0

20

40

60

In
c
lin

a
ti
o

n
, 
d

e
g
.

0 30 60 90 120 150 180 210 240 270 300 330 360

                                                               01-03 LT

-60

-40

-20

0

20

40

60

In
c
lin

a
ti
o

n
, 
d

e
g

.

0 30 60 90 120 150 180 210 240 270 300 330 360

foF2, June solstice                                 21-22 LT

-60

-40

-20

0

20

40

60

In
c
lin

a
ti
o

n
, 
d

e
g

.

 

 

Fig. 5. The same as in Fig. 2 but for the June solstice.

this trough is strongest and occurs most often (with a prob-
ability of nearly 50%), therefore, after averaging over many
measurements the crest at these longitudes is smoothed out
in the maps. At longitudes 330 to 30◦ this type of trough is
observed very seldom, and the southern crest is seen in the
maps quite clearly. In the June solstice similar but weaker
asymmetry of the crests is seen in thefoF2 map for 21:00–
22:00 LT at longitudes approximately from 50 to 150◦, where
the summer crest is considerably lower than at other longi-
tudes. In thehmF2 maps for 21:00–22:00 LT in those lon-
gitude intervals in the December and June solstices, respec-
tively, the F2-layer height in the region of the EA summer
crest is noticeably higher than at other longitudes, suggest-
ing that the wind from the summer hemisphere to the win-
ter one is stronger at those longitudes. However, after mid-
night in the June solsticehmF2 values in the longitude inter-
val 50 to 150◦ differ only slightly from those at other longi-
tudes. By contrast, in the December solstice the region with
increasedhmF2 values at longitudes of about 150 to 280◦

becomes even more prominent after midnight. This region
is not yet seen in the map for 18:00–20:00 LT. It begins to
form at 21:00–22:00 LT and is most pronounced after mid-
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Fig. 6. The same as in Fig. 5 but forhmF2 and two LT intervals.
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Fig. 7. The same as in Fig. 6 but forfp at a height of 500 km.

night, covering the area from the equator to midlatitudes of
the Southern Hemisphere. SuchfoF2 andhmF2 dynamics
suggests that at night the wind from the Southern (summer)
Hemisphere to the Northern one in December is considerably
stronger than from the Northern Hemisphere to the Southern
one in June, at least at the longitudes specified above, and this
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asymmetry between the hemispheres is apparently stronger
than shown in the neutral wind model HWM93 (Hedin et al.,
1996). This suggestion is also supported by the fact that the
above-mentioned trough occurs often at the southern crest in
December but very occasionally at the northern crest in June.
The characteristics of this trough are evidence that its cause is
just the thermospheric wind blowing from the summer hemi-
sphere to the winter one that lifts ionization upwards along
the geomagnetic field lines, and if this wind is strong enough
it can reduce the density,Ne, at thehmF2 level. The obser-
vations agree well with model calculations of wind influence
on Ne distribution (Anderson et al., 1981).

In the maps offp distribution at 500 km (Figs. 4 and 7) be-
fore midnight the EA is distinctly seen in the December sol-
stice almost at all longitudes but in the June solstice only at
certain longitude intervals. After midnight the EA is not seen
at this height, butfp values are still higher in the summer crest
region. In the maps for 600 and 700 km (not shown in this pa-
per) the EA is not seen, but increasedfp values are observed
at the EA summer crest. With increasing height the belt of
increasedfp values is shifted towards the magnetic equator.
In general,fp distribution above F2-layer peak derived from
Intercosmos-19 data is consistent with that obtained with in-
situ Ne measurements by other satellites: Ariel-3 at about
550 km (Hopkins, 1972) and Hinotori at 600 km (Su et al.,
1996).

The maps presented show that even averaged over a large
number of measurementsfoF2,hmF2, andfp variations along
the EA crests and trough are rather complicated. They have
a wave-like form with a quasi-period of about 75–100◦ along
longitude, similar to that on individual days, but, of course,
with smaller amplitude. It is obvious that due to the limited
amount of data, a few of the features seen in the maps may be
atypical. This is especially true for the 18:00–20:00 LT maps,
as at that local time interval the equatorial F2-layer height
can change very rapidly. Despite this, the general structure
shown in the maps has consistency. The minima and maxima
of this structure are located at more or less similar longitude
intervals both before and after midnight, although the mea-
surements used for these maps were made on different days
and even in different years. This is evidence for the relative
stability of such a longitudinal structure in time. The maps
show that the amplitudes of these averaged longitudinal vari-
ations are about 2 MHz forfoF2 andfp, and about 50 km for
hmF2. ForfoF2 andfp this amplitude is sufficiently greater
than other expected changes in these values in the maps (re-
lated, for example, with the difference in F10.7 values at
periods used for the maps), therefore, this structure in the
averaged pattern is fairly reliable. The excess is not very
big for hmF2, therefore, such averaged variations inhmF2
maps should be considered only as a tendency. Recall that
on individual days thehmF2 variations with quasi-periods of
75–100◦ have amplitudes of about 100 km, which is much
greater than the uncertainty in the determination ofhmF2,
i.e. they are quite reliable. Stronger smoothing of thehmF2

variations after averaging occurs presumably becausehmF2
values at low latitudes are more responsive thanfoF2 to even
a weak disturbance, for example, in the electric fields, which
play a very important role in the dynamics of the low-latitude
ionosphere (Fejer, 1997).

The foF2 longitude variations with quasi-periods of 75–
100◦ are generally more pronounced in the summer hemi-
sphere than in the winter one. They are seen distinctly in the
maps both in the region of the summer EA crest and along
the magnetic equator. These variations are also observed in
the topside ionosphere at the heights up to at least 700 km.
They are seen in Figs. 4 and 7, more clearly for the June sol-
stice. The longitudinal variations inhmF2 with such periods
are more evident in the maps for the June solstice, where they
are more pronounced after midnight both along the magnetic
equator and at latitudes of both the EA crests. In the De-
cember solstice suchhmF2 variations are clearly defined at
latitudes of the EA Northern (winter) crest; they are much
weaker (almost at the level of uncertainty in the values of
hmF2) along the magnetic equator, and are almost not appar-
ent in the Southern (summer) Hemisphere. In thehmF2 maps
for both solstices one more peculiar feature is seen, namely,
small areas of strongly reducedhmF2 values that stand out
distinctly in the winter hemispheres atI values near to 30–
40◦. Note that from all examined individual orbits, lowest
hmF2 values were found at the orbit segments passing just
through those areas, so this feature in the maps is not ran-
dom.

3 Discussion

Intercosmos-19 maps forfoF2, hmF2, andfp in the topside
ionosphere presented in this paper show a complicated longi-
tudinal structure of these parameters at low latitudes. In the
Introduction evidence was presented that such a small-scale,
wave-like structure is an inherent feature of the low-latitude
ionosphere. Amplitudes offoF2, fp, andhmF2 longitudinal
variations with quasi-periods of 75 to 100◦ at low latitudes on
individual days are so big and positions of their extrema in
certain longitude intervals are so stable that they are clearly
seen in the maps after averaging over a large number of mea-
surements made on different days and even in different years.

Such small-scale structure is absent in the IRI-URSIfoF2
maps. In the paper by Karpachev et al. (2003) severalfoF2
maps for different LT intervals made using Intercosmos-19
data with the same method as that described above have been
compared with corresponding IRI-URSI maps. As one could
expect, the comparison showed that the general features of
thefoF2 distribution obtained from Intercosmos-19 are simi-
lar to the IRI-URSI maps. But essential differences have also
been revealed, most prominent of which is a much more com-
plicated longitudinal structure offoF2 variations. URSI co-
efficients forfoF2 were calculated with regard tofoF2 maps
constructed on the basis of ISS-b satellite topside sounding
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Fig. 8. IRI foF2 maps with URSI and CCIR coefficients for
02:00 LT in the December solstice.

(Fox and McNamara, 1988). ISS-b was launched in 1978,
its operations overlapped with Intercosmos-19 and also oc-
curred in solar maximum. It had an onboard tape recorder
that could store data for up to 115 min, i.e. a little longer
than one revolution around the globe, so it could carry out
measurements at any longitude and then transmit them to a
ground station when passing in its vicinity (Matuura, 1979).
Thus, ISS-b measurements covered all longitudes, similar
to Intercosmos-19. But the method of derivingfoF2 maps
from ISS-b data was different from that described above for
Intercosmos-19. ISS-b maps were derived using the spher-
ical surface harmonic expansion method with just two har-
monics being used to account forfoF2 longitudinal variations
in the constant local time (LT) maps (Matuura, 1979). There-
fore, ISS-b maps do not reproduce the small-scale longitudi-
nal structure revealed with Intercosmos-19 data and seen in
its maps and which apparently needs at least five harmonics
for its description.

The structure of the IRIfoF2 maps at low latitudes ob-
tained using the CCIR coefficients was found to be some-
what closer to the Intercosmos-19 maps. As an illustration,
Figs. 8 and 9 show the IRI-URSI and CCIRfoF2 maps for
F10.7 values averaged over the months when data were gath-
ered for the Intercosmos-19 maps for 01:00–03:00 LT of the
December solstice and for 03:00–04:00 LT of the June sol-
stice correspondingly. Comparison of Fig. 8 with Fig. 2 and
Fig. 9 with Fig. 5 shows that the IRI-CCIR maps agree with
the Intercosmos-19 maps for low latitudes a little better in
foF2 structure. Note that Intercosmos-19 data forfoF2 in in-
dividual periods also agree with CCIR somewhat better than
with the URSI option (Deminova, 2003b).
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Fig. 9. IRI foF2 maps with URSI and CCIR coefficients for
03:00 LT in the June solstice.
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Fig. 10. IRI hmF2 maps for 02:00 LT in the December and June
solstices.

The maps ofhmF2 derived from Intercosmos-19 data,
while showing a general resemblance to the IRI model, also
exhibit essential differences. Figure 10 shows two IRIhmF2
maps for F10.7 values averaged as above, corresponding to
the Intercosmos-19 maps for 01:00–03:00 LT of the Decem-
ber solstice and for 01:00–03:00 LT of the June solstice. As is
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well-known, for the non-sunlit ionosphere the IRI CCIR and
URSI options give practically the samehmF2 values, as both
are based on the CCIR coefficients for M(3000)F2 (Bilitza,
2001). From a comparison of Fig. 10 with Figs. 3 and 6 it
is seen that magnitudes ofhmF2 longitudinal and latitudinal
changes in the Intercosmos-19 maps are considerably greater
than in the IRI maps. Besides, in the Intercosmos-19 map for
01:00–03:00 LT of the December solstice it is clearly seen
that hmF2 values in the vast region of longitudes from 150
to 300◦ in the Southern Hemisphere are much higher than at
other longitudes, while the IRI map does not reproduce this
feature. In the Intercosmos-19 map for 01:00–03:00 LT of
the June solstice a similar longitudinal peculiarity is barely
evident.

Thus, Intercosmos-19 data provide evidence that the struc-
ture of the low-latitude ionosphere is much more compli-
cated than represented in the IRI model and is far from be-
ing thoroughly investigated. It would be very interesting to
compare Intercosmos-19 results with other topside sounding
data which also cover all longitudes. As far as we know,
the only such data are ISS-b data. But ISS-b results were
published only in the form offoF2 maps based on combin-
ing together a large number of measurements, and original
ionograms are not available. Satellites with modern equip-
ment, with capabilities far exceeding those of almost thirty
years ago, could provide enough measurements both for re-
finement of Intercosmos-19 results and for producing more
adequate ionospheric models.

4 Conclusions

In this paper maps offoF2, hmF2, and plasma frequency
fp in the topside ionosphere at low latitudes, derived from
Intercosmos-19 satellite topside sounding data, obtained
from March 1979 to January 1981 and covering all longi-
tudes, are presented for quiet geomagnetic conditions in the
June and December solstices in solar maximum for several
local time intervals during the night. Based on these maps,
features of EA at different longitudes and their change during
the night are considered. The maps show that averagedfoF2,
hmF2, andfp longitudinal variations are rather complicated,
their structure looks wave-like with quasi-periods in longi-
tude of about 75–100◦, similar to that observed previously
on individual days at low latitudes with Intercosmos-19 data
and briefly described in the Introduction. This satellite data
is evidence that such a small-scale, wave-like structure is an
inherent feature of the low-latitude ionosphere. The main
characteristics of this structure suggest an important role in
its formation of the higher harmonic structure of the thermo-
spheric winds, temperature, and composition of the thermo-
sphere. Positions of the structure extrema in certain longi-
tude intervals are stable enough, so that they are clearly seen
in the maps derived after averaging over a large number of
measurements made on different days and even in different

years. Such a structure seems to need at least five harmonics
for its description.

The maps derived from Intercosmos-19 data were com-
pared with maps derived using the IRI model. Along with a
general resemblance, essential differences between the maps
were found. Intercosmos-19 maps show more complicated
and pronounced longitudinal structure than IRI maps. They
also show that, in general, at night, EA is stronger and per-
sists for a longer time (on average, until 04:00 LT) than pre-
sented in the IRI model. In addition, much stronger asymme-
try between characteristics of the EA northern and southern
crests in certain longitude intervals was revealed, most evi-
dent in thehmF2 maps.
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