Ann. Geophys., 25, 1827835 2007 ~ "*
www.ann-geophys.net/25/1827/2007/ G Ann_ales
© European Geosciences Union 2007 Geophysicae

Maps of foF2, hmF2, and plasma frequency above F2-layer peak in
the night-time low-latitude ionosphere derived from Intercosmos-19
satellite topside sounding data

G. F. Deminova

Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Russian Academy of Sciences
(IZMIRAN), 142190 Troitsk, Moscow region, Russia

Received: 11 December 2006 — Revised: 26 June 2007 — Accepted: 26 July 2007 — Published: 29 August 2007

Abstract. Maps of foF2, hmF2, and plasma frequency, 1 Introduction

fp, in the topside ionosphere at low latitudes, derived from

Intercosmos-19 satellite topside sounding data, obtaineince its discovery, the equatorial anomaly (EA) has been
from March 1979 to January 1981 and covering all longi- investigated mainly in three longitude sectors: American,
tudes, are presented for quiet geomagnetic conditions in Junafrican, and East-Asian, where meridional chains of ground-
and December solstices at solar maximum for several locabased ionospheric stations cover both the Northern and
time intervals during the night. Based on these maps, feaSouthern Hemispheres. It has been found that EA charac-
tures of the equatorial anomaly (EA) at different longitudes teristics in these sectors differ considerably for the same lo-
and their change during the night are considered. The mapsal times, seasons, and latitudes — the phenomenon known
show that averagetbF2, hmF2, andfp longitudinal varia-  as the longitudinal effect (see, e.g. Thomas, 1968; Walker,
tions are rather complicated, their structure looks wave-like1981). But at other longitudes the ground-based stations are
with quasi-periods in longitude of about 75-206imilarto  very sparse and almost absent on the oceans, therefore, de-
that on individual days revealed previously at low latitudes tails of the EA structure and dynamics at those longitudes are
using Intercosmos-19 data. Positions of the structure exstill very uncertain, so that Rishbeth (2000) included longi-
trema in certain longitude intervals are stable enough so thagude variations into a list of outstanding problems of the low-
they are clearly seen in the maps after averaging over a largrtitude ionosphere, and this problem has not been solved up
number of measurements made on different days and evet now.

in different years. Such structure seems to need at least five Tgpside sounding from satellites can, to some extent, fill

harmonics for its description. the data gaps. The Intercosmos-19 satellite is of interest in

The maps derived from Intercosmos-19 data were ComlhiS respect. The Unique feature of this satellite was a Iarge
pared with the maps given by the IRI model. Along with gen- onboard memory: it could record one sounding every 64s
eral resemblance, essential distinctions between them wer®r up to 17 h (10 orbits around the Earth) and could cover
found. Intercosmos-19 maps show more complicated andn interval of up to 250in longitude for one observing ses-
pronounced longitudinal structure than IRI maps. They alsosion. The next session could begin shortly after the previous
show that at solar maximum, in general, at night, EA is One, so that in some cases the longitude coverage was even
stronger and persists for a longer time (on average, untipreater. During almost two years of operation of the sounder
04:00 LT) than that presented in IRI model. Besides, muchin this regime (March 1979 to January 1981), nearly 200
stronger asymmetry between the characteristics of the EAUch sessions were conducted that covered all longitudes,

northern and southern crests in certain longitude intervalgll seasons, all local times, quiet and disturbed conditions.
was revealed, most evidentmF2 maps. The satellite orbit perigee and apogee were about 500 and

1000 km correspondingly; its inclination was neaf.7®@ne
Keywords. lonosphere (Equatorial ionosphere; Modeling revolution around the globe took about 100 min; the distance
and forecasting) 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.
Correspondence td5. F. Deminova With ascending and descending equator passes it took about
(deminova@izmiran.rssi.ru) two months to cover all local times.
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The Intercosmos-19 topside sounding data made it possidescribed rather exactly by just one harmonic in the Southern
ble to conduct the most detailed analysis to date of the longi-and two in the Northern Hemisphere, in agreement with the
tudinal variations of the ionosphere. Many unexpected find-results of Deminov and Karpachev (1988).
ings were made using these data. For example, it was shown, Mechanisms responsible for the formation of such detailed
for the first time, that the longitude effect, both at mid- structure are not known up to now. The first two harmon-
dle and low latitudes was much stronger than had been beies of the longitudinal effect can be explained by the longi-
lieved before (Kochenova, 1987, 1988, 1990; Deminov andtude variations of the geomagnetic field declinatitn, The
Karpachev, 1988; Karpachev, 1988; Benkova et al., 1990)point is thatfoF2 is influenced by the thermospheric wind
Another unexpected and surprising finding was a fairly com-which can move ionization up to a region of weaker recom-
plicated longitudinal structure of F2-layer parameters at lowbination or down to a region of stronger recombination, de-
latitudes. Analysis of individual periods of Intercosmos-19 pending on the angle between the wind direction and the ge-
sounder data obtained during quiet conditions showed that abmagnetic field; therefordpF2 at a certain point depends,
nighttime, at low latitudedpF2 andhnF2 longitudinal vari-  among other reasons, dn (e.g. Kohl et al., 1969; Challi-
ations, in most cases, have more or less a regular wave-likaor and Eccles, 1971). It is well-known (e.g. Akasofu and
character with quasi-periods of 75 to 206 longitude and  Chapman, 1972) that the variation along longitude can be
amplitudes, on average, 2 to 4 MHz and in some cases uppproximated rather exactly by two harmonics in the North-
to 8 MHz forfoF2 (Deminova, 1993, 1995) and, on average, ern Hemisphere and near the equator and by one harmonic
50 to 100 km, sometimes up to 200km, femF2 (Demi-  in the Southern Hemisphere. Just such a pattern of longi-
nova, 2002a, b). Such structures were observed in abouudinal variations (two harmonics in the Northern and one
80% of all examined periods irrespective of season and loin the Southern Hemisphere) was observed at middle lati-
cal time, at least in the interval from 18:00 to 04:00 LT. From tudes for electron densitiye in the topside ionosphere ob-
the analysis of all considered periods it was found that intained with in-situ measurements from the Ariel-1 and Ariel-
most cases maxima and minima of the structure tend to oc3 satellites (Eccles et al., 1971) and foF2 obtained from
cur in the same longitude intervals for all local times during Intercosmos-19 (Deminov and Karpachev, 1988). But this
night and in all seasons. In the June solstice the sharpeshechanism cannot account for the detailed structure of the
changes irioF2 are observed at longitudes ne&rWith am-  foF2 andhmF2 changes observed at low latitudes that needs
plitudes up to 8 MHz. The deepest minimumfoF2 occurs  at least five harmonics for its description. Deminova (1993,
near 330; it is observed both at the EA trough and crests and1995) assumed a multimode structure of the thermospheric
decreases beyond about°4df the dip. At other longitudes winds, temperature, and composition of the thermosphere as
maxima (minima) offoF2 at the magnetic equator most of- one cause of such a structure. This supposition seems quite
ten correspond to minima (maxima) fol-2 at the EA crests reasonable, as there is experimental evidence that higher har-
and to decrease (increase) in the distance between the crestwnics of these parameters at low latitudes are rather strong
and the equator, i.e. the whole EA phenomenon shows a kinde.g. Mayr et al., 1979; Herrero and Spenser, 1982; Manson
of longitudinal modulation with a quasi-period betweert 75 et al., 2004), but this problem requires further study.
and 100 (Deminova, 2003a). Such an anti-phase pattern It was revealed from Intercosmos-19 data that during the
of foF2 variations along the EA trough and crests is typical daytime the low-latitude ionosphere also has a fairly complex
before and near midnight, but towards morning these varialongitudinal structure (Kochenova, 1987, 1988, 1990). By
tions sometimes become in-phase. VariationtiroF2 and  day that structure is presumably controlled by the electric
foF2 along the magnetic equator are generally in anti-phaséield which changes with longitude (Deminov et al., 1988;
(Karpachev, 1988; Deminova, 2002a), but at EA crests there&Scherliess and Fejer, 1999).
is no clear anticorrelation between them. In the December The complicated longitudinal structure is also seefok?
solstice the amplitudes of this structure are somewhat smallemaps for low latitudes derived from Intercosmos-19 data by
than in June and the minimum near 338 not deeper than averaging a large number of measurements and presented by
other minima. In the September equinox the pattern is moreKarpachev et al. (2003) for several local time (LT) intervals,
similar to that of June than of December, and in the vernal4 maps for daytime and 4 maps for the two LT intervals at
equinox it is more similar to that of December. The spatial nighttime for the June and December solstices. In these maps
structure ofoF2 longitudinal variations is usually kept rather the complicated longitudinal structure is seen both by day
constant during several days in succession; in individual peand by nighttime.
riods the whole structure can be displaced by 10 to 20 This paper continues the investigation of the longitudinal
longitude relative to a previous day. In the region of the EA structure of the low-latitude ionosphere. It presents 6 maps
crests the amplitudes of these wave-like variations are noticeef foF2 for several LT intervals during night at low latitudes
ably greater than in the EA trough. Towards middle latitudesfor June and December solstices and in addition the maps
this wave-like structure gradually diminishes, disappearingof hmF2 and plasma frequencip, at a height of 500 km,
beyond about 400f the dip (Deminova, 1995). Outside the derived from Intercosmos-19 data for the same LT intervals
low-latitude belt the longitudinal variations 66F2 may be  asfoF2. A consideration of these maps in combination made
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1996; Bradley et al., 2004). In fact, Intercosmos-19 providesrig 2. Maps offoF2 distribution at low-latitudes for three LT inter-
the possibility of reconstructing the three-dimensional distri-vals in the December solstice derived from Intercosmos-19 topside
bution ofNein the topside ionosphere. sounding data.
In this paper maps of the distributionsfof2, hmF2, and

the plasma frequendyp in the topside ionosphere at a height

of 500 km are presented, which were constructed on the bain longitude and 15in inclination were included. Different

sis of N(h)-profiles calculated from Intercosmos-19 topsideradii were tried, and it was found that the ellipse with radii of
ionograms. The maps are displayed for low latitudes in the2(° in longitude and 19in inclination gave practically the
magnetic dip/ interval from —60° up to +60 for several same maps as the above and greater ellipses, as one could
intervals of local time in the June and December solsticesgxpect for the given data density. But for this minimal ellipse
under quiet geomagnetic conditions and for solar maximumin some LT intervals there was a small number of search ar-
Data obtained from mid May to August were used for Juneeas, i.e. quadrants of the ellipse, in which no data occurred.
solstice maps and data from mid November to February forTherefore, to avoid empty search areas the ellipse with the
December solstice maps. Monthly average values of F10.7above radii was chosen.

during these periods were between 170 and 229. For each Figures 2 to 7 show distributions &F2, hmF2, andfp at

map nearly 700 to more than 1000 N(h)-profiles obtained500 km at low latitudes for several LT intervals at night for
from 1979 to 1981 were used that covered all longitudesthe December and June solstices. The three parameters are
rather uniformly. An example of the data coverage is shownpresented for all LT intervals except for 03:00—04:00 LT in

in Fig. 1 for one of the LT intervals. The maps are based on ahe June solstice when the only data available were gathered
grid of 1 in inclination and 20 in longitude. A mesh size in late May 1980 when solar activity was very high and iono-
was chosen such that, on average, 1 to 6 measurements fgjtams were smeared to a greater or lesser extent by spread-F.
into each mesh. Values at the grid nodes were obtained fronThis caused uncertainties mmF2 andfp calculations that
the measured data by interpolation based on weighting acwere too large, although in most cases, it was possible to de-
cording to the square of inverse distance. For each node theerminefoF2 values with acceptable accuracy (no worse than
data points occurring within a search ellipse with radii of 30 0.3 MHz). For all the other LT intervals there was a sufficient
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g. 4. The same as in Fig. 2 but fép at a height of 500 km.

number of ionograms clear of spread-F that enabled the deing mainly 12 to 14 and 8 to 10 MHz in the EA crests and
termination offoF2 with an accuracy near 0.1-0.2MHz and trough, respectively. During night both crests shift equator-
hmF2 with an accuracy near 15 km. ward approximately fron1=30-3% to 20-25. In general,

In Figs. 2 and 5, which shofoF2 maps, one can see that EA persists, gradually diminishing in magnitude, almost till
in both solstices before midnight the EA trough is slightly sunrise.
shifted relative to the magnetic equator into the summer In the June solstice the southern crest decays somewhat
hemisphere almost at all longitudes independently of the relfaster than the northern one. In the December solstice both
ative positions of the geographic and magnetic equators. Thisrests decay with nearly the same rate everywhere except for
shift persists from the daytime for which this feature was the longitude interval approximately from 210 to 27@here
described by Karpachev et al. (2003). In theF2 maps the southern crest is seen at 18:00-20:00 LT but is no longer
(Figs. 3 and 6) before midnight the belt of increased-2 seen in the map for 21:00-22:00 LT, and both the crests have
values related to the fountain-effect is also slightly shifted almost disappeared in the map for 01:00-03:00 LT. Note that
relative to the magnetic equator into the summer hemisphereaccording to Intercosmos-19 data in individual periods the
After midnight this belt disappears almost at all longitudes southern crest is seen quite distinctly at all longitudes, al-
except for the 320to 360 interval in the both solstices and most up to morning, but there was revealed one peculiarity.
near 30 in the June solstice. During night, the EA trough It was found that in the December solstice, at nighttime, in
is gradually shifted toward the winter hemisphere, on aver-the region of the EA southern crest, one type of the ioniza-
age, by 5 in inclination, i.e. by 2-3 in latitude, almost at  tion trough can occur which divides the crest top into two by
all longitudes. Before midnight both EA crests are locateda depression about 7-1@ide in latitude (Deminova, 1999).
fairly symmetrically relative to the EA trough at a mean dis- In different examples the center of this trough occurs at dif-
tance of 30—35%in inclination and have approximately equal ferent latitudes within the dip latitude interval approximately
amplitudes in both solstices, with averafgé2 values be- from —10° to —20°. Just at longitudes from 210 to 270
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ability of nearly 50%), therefore, after averaging over many

measurements the crest at these longitudes is smoothed out 01-03LT

in the maps. At longitudes 330 to 3this type of trough is L~ ( o
observed very seldom, and the southern crest is seen in the, * s ) T D
maps quite clearly. In the June solstice similar but weaker S 20 /( ) .
asymmetry of the crests is seen in foE2 map for 21:00- § o ‘ 4 I

22:00 LT at longitudes approximately from 50 to 25@here < 2 LJ ] vf7 4 2
the summer crest is considerably lower than at other longi- £ F== 1 b N ||

tudes. In thehmF2 maps for 21:00-22:00 LT in those lon- 40‘ A

gitude intervals in the December and June SOlStiCES, respec- -600 30 60 90 120 150 180 210 240 270 300 330 360

tively, the F2-layer height in the region of the EA summer Longitude, deg.

crest is noticeably higher than at other longitudes, suggest-

ing that the wind from the summer hemisphere to the win-Fig. 7. The same as in Fig. 6 but f@p at a height of 500 km.

ter one is stronger at those longitudes. However, after mid-

night in the June solstidemF2 values in the longitude inter-

val 50 to 150 differ only slightly from those at other longi- night, covering the area from the equator to midlatitudes of
tudes. By contrast, in the December solstice the region witithe Southern Hemisphere. Sufd+2 andhmF2 dynamics
increasechm2 values at longitudes of about 150 to 280 suggests that at night the wind from the Southern (summer)
becomes even more prominent after midnight. This regionHemisphere to the Northern one in December is considerably
is not yet seen in the map for 18:00-20:00 LT. It begins tostronger than from the Northern Hemisphere to the Southern
form at 21:00-22:00 LT and is most pronounced after mid-one in June, at least at the longitudes specified above, and this
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asymmetry between the hemispheres is apparently strongesariations after averaging occurs presumably becan$e2
than shown in the neutral wind model HWM93 (Hedin et al., values at low latitudes are more responsive tlo@2 to even
1996). This suggestion is also supported by the fact that the weak disturbance, for example, in the electric fields, which
above-mentioned trough occurs often at the southern crest iplay a very important role in the dynamics of the low-latitude
December but very occasionally at the northern crest in Juneionosphere (Fejer, 1997).
The characteristics of this trough are evidence that its cause is The foF2 longitude variations with quasi-periods of 75—
just the thermospheric wind blowing from the summer hemi-100° are generally more pronounced in the summer hemi-
sphere to the winter one that lifts ionization upwards alongsphere than in the winter one. They are seen distinctly in the
the geomagpnetic field lines, and if this wind is strong enoughmaps both in the region of the summer EA crest and along
it can reduce the densiti{e at thehmF2 level. The obser- the magnetic equator. These variations are also observed in
vations agree well with model calculations of wind influence the topside ionosphere at the heights up to at least 700 km.
on Nedistribution (Anderson et al., 1981). They are seen in Figs. 4 and 7, more clearly for the June sol-
In the maps ofp distribution at 500 km (Figs. 4 and 7) be- stice. The longitudinal variations imF2 with such periods
fore midnight the EA is distinctly seen in the December sol- are more evident in the maps for the June solstice, where they
stice almost at all longitudes but in the June solstice only atare more pronounced after midnight both along the magnetic
certain longitude intervals. After midnight the EA is not seen equator and at latitudes of both the EA crests. In the De-
at this height, bufip values are still higher in the summer crest cember solstice sudhmF2 variations are clearly defined at
region. In the maps for 600 and 700 km (not shown in this pa-atitudes of the EA Northern (winter) crest; they are much
per) the EA is not seen, but increadpd/alues are observed weaker (almost at the level of uncertainty in the values of
at the EA summer crest. With increasing height the belt ofhmF2) along the magnetic equator, and are almost not appar-
increasedp values is shifted towards the magnetic equator.ent in the Southern (summer) Hemisphere. IntimE2 maps
In generalfp distribution above F2-layer peak derived from for both solstices one more peculiar feature is seen, namely,
Intercosmos-19 data is consistent with that obtained with in-small areas of strongly reducéan~2 values that stand out
situ Ne measurements by other satellites: Ariel-3 at aboutdistinctly in the winter hemispheres atvalues near to 30—
550 km (Hopkins, 1972) and Hinotori at 600 km (Su et al., 40°. Note that from all examined individual orbits, lowest
1996). hmF2 values were found at the orbit segments passing just
The maps presented show that even averaged over a largerough those areas, so this feature in the maps is not ran-
number of measuremerftd=2,hmF2, andp variations along  dom.
the EA crests and trough are rather complicated. They have
a wave-like form with a quasi-period of about 75—-1@fbong
longitude, similar to that on individual days, but, of course, 3 Discussion
with smaller amplitude. It is obvious that due to the limited
amount of data, a few of the features seen in the maps may btercosmos-19 maps fdoF2, hmF2, andfp in the topside
atypical. This is especially true for the 18:00-20:00 LT maps,ionosphere presented in this paper show a complicated longi-
as at that local time interval the equatorial F2-layer heighttudinal structure of these parameters at low latitudes. In the
can change very rapidly. Despite this, the general structuréntroduction evidence was presented that such a small-scale,
shown in the maps has consistency. The minima and maximaave-like structure is an inherent feature of the low-latitude
of this structure are located at more or less similar longitudeionosphere. Amplitudes dbF2, fp, andhmF2 longitudinal
intervals both before and after midnight, although the mea-variations with quasi-periods of 75 to 108t low latitudes on
surements used for these maps were made on different daysdividual days are so big and positions of their extrema in
and even in different years. This is evidence for the relativecertain longitude intervals are so stable that they are clearly
stability of such a longitudinal structure in time. The maps seen in the maps after averaging over a large number of mea-
show that the amplitudes of these averaged longitudinal varisurements made on different days and even in different years.
ations are about 2 MHz fdoF2 andfp, and about 50 km for Such small-scale structure is absent in the IRI-URGR
hnmF2. ForfoF2 andfp this amplitude is sufficiently greater maps. In the paper by Karpachev et al. (2003) sever#
than other expected changes in these values in the maps (reraps for different LT intervals made using Intercosmos-19
lated, for example, with the difference in F10.7 values atdata with the same method as that described above have been
periods used for the maps), therefore, this structure in theeompared with corresponding IRI-URSI maps. As one could
averaged pattern is fairly reliable. The excess is not veryexpect, the comparison showed that the general features of
big for hmF2, therefore, such averaged variationshimF2 thefoF2 distribution obtained from Intercosmos-19 are simi-
maps should be considered only as a tendency. Recall thdar to the IRI-URSI maps. But essential differences have also
on individual days thé@mF2 variations with quasi-periods of been revealed, most prominent of which is a much more com-
75-100 have amplitudes of about 100 km, which is much plicated longitudinal structure dbF2 variations. URSI co-
greater than the uncertainty in the determinatiorhof2, efficients forfoF2 were calculated with regard foF2 maps
i.e. they are quite reliable. Stronger smoothing of tiné-2 constructed on the basis of ISS-b satellite topside sounding

Ann. Geophys., 25, 1827835 2007 www.ann-geophys.net/25/1827/2007/



G. F. Deminova: Maps dbF2, hmF2, and plasma frequency 1833

foF2, IRl model, December, 02 LT, F10.7=223 CCIR option foF2, IRI model, May, 03 LT, F10.7=229 CCIR option
60 60 —
b FB—— 1 — | —+—8 | —1 / [——
40 e i e e ey — a0—— | Y N e I i T
e e—r————— —~——F—e—r ——
T e e e o e e e e e g o | / / P i
e s e i SN S 2 R
- v—\ | I— - I \
i TN NS o — —
E=1 [ I =
g = SN £ T / g d 9 / -
5 - G - = =
EOND o f—"| ( / N s NS s ——aTa\2
-40 — -40 e 16—~ _——_——
 I— T T \
st e S B i 5 T R BN [ v
60 -60
30 60 90 120 150 180 210 240 270 300 330 360 0 30 60 90 120 150 180 210 240 270 300 330 360
URSI option URSI option
60 60 —
L — ’\ Fe—] [ F—7 T8 ( ——
| R | \ | —
40— = > D P 40 ) L — [l
& ol — 8/,_ﬁ\\\\~/ [— o / ~ s
° | — —% 3 20
< — | g 1
g 0 ) g 0 —
g L —— \\ ~_| 8 La \s-> | —1
R s — —1 < R R
£ L T | - R B s e ( L[>
40— 4 T -40 g/ﬁ ) > —
T — ——— — — =
60 [ e e [ SR < ( ;—l_///“) © =4 g I Ry
0 30 60 90 120 150 180 210 240 270 300 330 360 %% 30 60 9 120 150 180 210 240 270 300 330 360
Longitude, deg. Longitude, deg.

Fig. 8. IRl foF2 maps with URSI and CCIR coefficients for Fig. 9. IRI foF2 maps with URSI and CCIR coefficients for

02:00 LT in the December solstice. 03:00 LT in the June solstice.
(Fox and McNamara, 1988). ISS-b was launched in 1978, hmF2, IRI model, December, 2 LT, F10.7=223
its operations overlapped with Intercosmos-19 and also oc-  ®° Fa25 | b 325
curred in solar maximum. It had an onboard tape recorder 40—
that could store data for up to 115min, i.e. a little longer & 2 ( /> (—\401;/1 3oaJ
than one revolution around the globe, so it could carry out g L k; L — e
measurements at any longitude and then transmit them to ag ” 350\\“H;\m//\v: $
ground station when passing in its vicinity (Matuura, 1979). £~ Lars————_| //\\d/gs\\,ﬂ
Thus, ISS-b measurements covered all longitudes, similar -4 = K ST B

0 \ C L 400 —|

0

to Intercosmos-19. But the method of derivifa-2 maps
from 1SS-b data was different from that described above for

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

Intercosmos-19. ISS-b maps were derived using the spher- hmF2, IRI model, July, 2 LT, F10.7=174

ical surface harmonic expansion method with just two har- T J [ 8

monics being used to account foF2 longitudinal variations 40 “‘—’0\,/\ — Q

in the constant local time (LT) maps (Matuura, 1979). There- & 2 I~ .

fore, ISS-b maps do not reproduce the small-scale longitudi- g O/F\x/ L. ( 35325

nal structure revealed with Intercosmos-19 data and seen ing NS ]

its maps and which apparently needs at least five harmonicsg 0 I B e

for its description. -40 5 R — é‘a\
The structure of the IRfoF2 maps at low latitudes ob- B0 0 90 120 150 o0 210 260 200 300 330 360

tained using the CCIR coefficients was found to be some- Longitude, deg.

what closer to the Intercosmos-19 maps. As an illustration,

Figs. 8 and 9 show the IRI-URSI and CCfBF2 maps for  Fig. 10. IRI hnmF2 maps for 02:00 LT in the December and June
F10.7 values averaged over the months when data were gatRolstices.

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. 2and The maps ofhmF2 derived from Intercosmos-19 data,
Fig. 9 with Fig. 5 shows that the IRI-CCIR maps agree with while showing a general resemblance to the IRI model, also
the Intercosmos-19 maps for low latitudes a little better in exhibit essential differences. Figure 10 shows twohHRF2

foF2 structure. Note that Intercosmos-19 datafé2 in in- maps for F10.7 values averaged as above, corresponding to
dividual periods also agree with CCIR somewhat better tharthe Intercosmos-19 maps for 01:00—03:00 LT of the Decem-
with the URSI option (Deminova, 2003b). ber solstice and for 01:00-03:00 LT of the June solstice. Asis
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well-known, for the non-sunlit ionosphere the IRI CCIR and years. Such a structure seems to need at least five harmonics
URSI options give practically the sarhe¥2 values, as both  for its description.

are based on the CCIR coefficients for M(3000)F2 (Bilitza, The maps derived from Intercosmos-19 data were com-
2001). From a comparison of Fig. 10 with Figs. 3 and 6 it pared with maps derived using the IRI model. Along with a

is seen that magnitudes binF2 longitudinal and latitudinal  general resemblance, essential differences between the maps
changes in the Intercosmos-19 maps are considerably greataere found. Intercosmos-19 maps show more complicated
than in the IRI maps. Besides, in the Intercosmos-19 map foand pronounced longitudinal structure than IRl maps. They
01:00-03:00 LT of the December solstice it is clearly seenalso show that, in general, at night, EA is stronger and per-
that hmF2 values in the vast region of longitudes from 150 sists for a longer time (on average, until 04:00 LT) than pre-
to 300 in the Southern Hemisphere are much higher than akented in the IRI model. In addition, much stronger asymme-
other longitudes, while the IRI map does not reproduce thistry between characteristics of the EA northern and southern
feature. In the Intercosmos-19 map for 01:00-03:00 LT ofcrests in certain longitude intervals was revealed, most evi-
the June solstice a similar longitudinal peculiarity is barely dent in thehmF2 maps.

evident.
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