N

N

Model interpretation of the ionospheric F-region
electron density structures observed by ground-based
satellite tomography at sub-auroral and auroral latitudes
in Russia in January?May 1999
A. N. Namgaladze, O. V. Evstafiev, B. Z. Khudukon, A. A. Namgaladze

» To cite this version:

A. N. Namgaladze, O. V. Evstafiev, B. Z. Khudukon, A. A. Namgaladze. Model interpretation of
the ionospheric F-region electron density structures observed by ground-based satellite tomography
at sub-auroral and auroral latitudes in Russia in January?May 1999. Annales Geophysicae, 2003, 21
(4), pp.1005-1016. hal-00317048

HAL Id: hal-00317048
https://hal.science/hal-00317048
Submitted on 18 Jun 2008

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-00317048
https://hal.archives-ouvertes.fr

Annales Geophysicae (2003) 21: 1005-10@6European Geosciences Union 2003 _G"*

Annales
\ 5 Geophysicae

Model interpretation of the ionospheric F-region electron density
structures observed by ground-based satellite tomography at
sub-auroral and auroral latitudes in Russia in January—May 1999

A. N. Namgaladzé, O. V. Evstafie, B. Z. Khudukon?, and A. A. Namgaladzé2

1polar Geophysical Institute, 15 Khalturina St., 183010 Murmansk, Russia
2Murmansk State Technical University, 13 Sportivnaya St., 183010 Murmansk, Russia

Received: 8 February 2002 — Revised: 26 September 2002 — Accepted: 18 November 2002

Abstract. A satellite tomographic campaign was carried out the first half of 1999, covering almost the total range of the
in Russia during January—May 1999. The receiver chain consolar activity, so that no correction of the solar EUV flux
sisted of four sites extending from the north of Karelia to the (used as an input parameter in the UAM) is required; (e) a
north of the Kola Peninsula. The F-region electron densitynecessary correction of simulated precipitating soft electron
measurements were performed during the main seasons (thkix intensities has to be made, in order to improve the con-
winter, equinox and summer), and the data contained typicasistency between measured night-time values of the electron
levels of solar activity £107 varied from 100 to 200). The density and those estimated by the theoretical model; (f) the
magnetic activity was quite lowk, = 2 — 3). The Up-  simulated electron density behaviour caused by spatial, diur-
per Atmosphere Model (UAM), the theoretical model of the nal, seasonal variations, as well as due to a solar activity is
Earth’s atmosphere, as well as two known empirical iono-consistent with the experimental tomographic images. This
spheric models, IRI-95 and RIM-88, have been applied toindicates a good reliability of both experimental and simu-
compare with experimental data. The tomographic imagedated data (at least in the central part of the examined latitu-
were interpreted by using simulation results obtained by thedinal interval).
models which were also compared to one another. The analke . . .
; o y words. lonosphere (auroral ionosphere; modeling and
ysis shows the following: (a) all three models show the beStforecasting)
agreement with the tomography data at the height 300 km
(nearhm2) in comparison with the heights below and above
hmF2 (200 and 400 km); (b) all three models systematically
underestimate the electron density values in comparison with  |ntroduction
the tomography data at the height 200 km and overestimate
them at the height 400 km; (c) for all investigated events theThe satellite ionospheric radio tomography and the 3-D-
N.(UAM) values are closest t,(tomo) in 399 of 1125 ex-  uypper atmosphere modelling are the most modern tools in
amined data points (36%),(RIM-88) values are closest to  studies of the Earth’s ionosphere. They are rather new and
N, (tomo) in 510 cases (45%) and, (IRI-95) values are  represent rapidly developing methods in geophysical stud-
closest toN, (tomo) in 216 cases (19%). For the only day- jes. It is of great interest and importance to compare ex-
time events, theV, (UAM) values are closest t&/, (tomo)  perimental electron density data with the results obtained
in 274 of 624 data points (44%), whereldls (RIM-88) day- by both theoretical and empirical (statistical) models of the
time values are closest 19, (tomo) in 221 cases (36%) and jonosphere. Initially, such a comparison was made by Nam-
closest toN, (IRI-95) values in 129 cases (20%). It means galadze et al. (2000b) for five satellite tomography images of
that for all events RIM-88 has the best agreement with theionospheric electron density observed over Scandinavia dur-
tomography measured electron densities, whereas UAM haghg the Russian-Finish campaign in November 1995 (Nygren
the best agreement with the daytime tomography measuregt al., 1995). A good analogy has been achieved by compar-
electron densities, and IRI-95 has the worst agreement folng the results obtained by ionospheric tomography, empiri-
both daytime and all events; (d) simulated UAM daytime cal and theoretical models (after correcting the total intensity
values of electron density near the F2-layer maximum agreef the solar EUV flux). However, neither seasonal nor solar
with corresponding tomography images for all seasons foractivity variations of electron density have been considered
in these studies.
Correspondence toA. N. Namgaladze An analysis of 38 tomographic images of the electron
(namgaladze@mstu.edu.ru) density in the sub-auroral and high-latitude ionospheric F-
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a stochastic inversion described by Nygren et al. (1995) and
71 I I I I I I
] : : : : : : Khudukon (1998). Figure 2 illustrates the changes in the so-
4 T - lar and geomagnetic activities (indic&gq7 andK ,) during
IR N|ke|(®:64.‘8°) ‘ ‘ the observations. It can be seen that measurements cover the
8’7 B9 & - — I AN b - ol - b winter, equinox and summer seasons. The levels of the solar
© ] IEANE Padun(®=63.95°) | activity varied fromFio7 = 100 to 200, and the geomagnetic
S 68+ - 7:7 TN L :, R factivity_ was rather low (typi_cally;,, =2-23). This makgs
2 ] ‘ o ‘ it possible to study the spatial, diurnal, seasonal variations of
8 g7 L - - - PZ(@=62. S the electron density in the ionospheric F-region, as well as
-_‘E’ ] | | the electron density variations with respect to a solar activity.
S 664 - -1 - [E— The following days have been selected for the analysis: 11
ga ] ! . ] January 197 = 108), 18 JanuaryKio7 = 165), 1 Febru-
8 651 - ,:, S de i oo oo ary (Fio7 = 114), 14 FebruaryKio7 = 200), 22 March
] | | | Kerﬁ‘(cb=60‘.1°) X (equinox,Fio7 = 115) and 11 May ¥107 = 163). Thus, all
44 - - - - R N seasons and solar activity levels have been presented in the
6 | a r | A
] | | | | | | data selected for the analysis.
63 —tt—t—f—f—
29 30 31 32 33 34 35 36

Geographic longitude, deg. 3 Model calculations
F|g 1. Tomographic receiver sites (dots) located a|ong the orb|tspat|a| diStI’ibutiOﬂS Of the electron density fOI’ the Selected
projection of a satellite moving from north (the solid line) and the days were derived in the region over the tomographic chain
geomagnetic meridian = 125° (the dashed line). There are the by using the theoretical model UAM (Namgaladze et al.,
geomagnetic latitudes in the brackets. 1998a, b) and two empirical models: the RIM-88 (Chusovitin

et al., 1987) and the IRI-95 (Bilitza, 1995). The UAM model

is based on the Global Self-consistent Model of Thermo-
regions obtained from satellite ground-based measurementsphere, lonosphere and Protonosphere designed at the Kalin-
during almost a half-year period from January to May 1999ingrad Observatory of IZMIRAN (now the West Department
was performed in the present paper. Simulated results obef IZMIRAN) more than 10 years ago (Namgaladze et al.,
tained by the global theoretical Upper Atmosphere Model1988, 1991). The model was further developed and modified
(UAM) (Namgaladze et al., 1998a, b) and two empirical (sta-at the Polar Geophysical Institute in Murmansk and at the
tistical) models of the ionosphere IRI-95 (Bilitza, 1995) and Murmansk State Technical University to be used for the polar
RIM-88, the Reference lonosphere Model (Chusovitin et al.,upper atmosphere studies (Namgaladze et al., 1998a, b). It
1987), were compared. The observed period covers practidescribes the Earth’'s mesosphere, thermosphere, ionosphere,
cally all the seasons and levels of solar activity during ratherplasmasphere, and the inner part of the magnetosphere con-
low magnetic activity. The purpose of the analysis was thefined by the closed geomagnetic field lines as a single system
following: (1) revealing a consistency between the experi-having its electrodynamics.
mental (tomographic) data and results derived by the theo- The model consists of four main computational packages:
retical and empirical models with respect to modern physical(1) the package of the neutral atmosphere and lower iono-
knowledge about spatial, diurnal, seasonal variations and dugphere which computes the neutral atmospheric temperature,
to solar activity variations of the electron density in the iono- mass density, neutral gas composition and winds, as well as
spheric F-region during low geomagnetic activity; (2) defin- the ion and electron temperatures, molecular ion density and
ing the UAM’s input parameters and estimating their accu-velocity at altitudes between 60 and 520 km; (2) the package
racy. of the ionospheric F2-region and protonosphere computing
the ion densities of ® and H", velocities and temperatures,
as well as the electron temperature at altitudes from 175 km
to 15R g of geocentric distance; (3) the electric field package
used in calculating the electric field potential both in mag-
The tomographic receiver sites located along the orbit pro-netospheric and thermospheric (dynamo) origins assuming
jection of a satellite moving from north are presented in that the geomagnetic field lines are equipotential at altitudes
Fig. 1. The chain covers the region betweei-@9.4 N, above 175 km; (4) the magnetospheric package which gener-
31°-34.6 E. The figure also shows the geomagnetic merid-ates magnetospheric plasma-sheet ion density, velocity, pres-
ian plane ofA = 125 which is used to show the model sure and field-aligned currents at the same altitudes used in
data. Since the orbit inclination of the satellites is aboudt 83 the second package.
that makes the trajectory of satellite movement for a south- The empirical model of the thermosphere MSISE-90
ward passage to lie close to the geomagnetic meridian. ThéHedin, 1991) was incorporated into the UAM to be used
data were converted to F-region electron density maps usings initial and lower boundary conditions and for calculat-

2 Experimental setup and data



A. N. Namgaladze et al.: Model interpretation of the ionospheric F-region 1007

250 A analysed days aligned currents in the zone 2, corresponding to a low ge-

N January omagnetic activity. The precipitating cold (average energy
w190 <1keV) and hot £1keV) electrons were defined follow-
50 A A ing Hardy’s model requirements (Hardy et al., 1985). The

maximum flux intensity of the precipitating cold electrons
(with the average electron energy B5=0.27 keV) in the re-
gion of the daytime cusp wal, = 1.9- 10°cm2s1. The
00‘1 ‘0‘3‘0‘5‘0‘7‘0‘9‘1‘1 ‘1‘3‘15‘1‘7‘1‘9‘2‘1 ‘2‘3‘2‘5‘2‘7‘2‘9‘31 maximum intensityl,, of hot electrons £y = 3.2keV) is
250 February 5.10° cm~2s1 at the night-side of the auroral oval and its
value for cold electronsKp = 0.5keV) is 4- 108cm 2571,

Kp-index

o
S 100 a The computational spatial grid has a variable size of the mesh
9 58) L L L B L A elements along the geomagnetic latitude (frolma® about
g 6 ] 70° latitude, to 3 and 10 at the equator for obtaining iono-
3 g Mﬁ&%&w@ spheric and thermospheric parameters, accordingly), a simi-
01 03 05 07 09 11 13 15 17 19 21 23 25 27 Iar_3|ze pf 15 in the geomagnetic Iongl_tude, and a variable
250 5 March height size (from 3 km at the 80-km altitude to about 20 km
S 150 1 at the altitude of the F2-layer maximum).
w T
50 y T T T T T T T T T A‘ T T T T T
x 9
§ 6 4 Comparison of the experimental and model data
¢ o ‘

L A B B L E I B H FPR
01 03 05 07 09 11 13 15 17 19 21 23 25 27 29 31 Inversion results of the observed electron density in the ver

250 April tical plane with respect to the geographic latitude are plot-
S 150 i/\v ted in Figs. 3-8 (the left column of the panels). They have
- been obtained from the selected tomographic measurements
58 L at various times UT. The corresponding simulated electron
6 density plots are presented in the following column order (2—
(3) 4 columns from left to right): UAM, RIM-88 and IRI-95.
PN The daytime altitudinal profiles of the electron density at the

250 May centre of the examined latitudinal interval (8Y, 33° E) are
S 150 shown in Fig. 9. Figure 10 presents the diurnal variations of
- A the observed and simulated valueNofF2 andhmF2 at the
5 T T T T T T T T T T T T T T T

P T T T T T T T T T T T T T same point in all the selected days.

0
x 9
S 6
';. 8 4.1 Winter electron density during a low solar activity (11

01 03 05 07 09 11 13 15 17 19 21 23 25 27 29 31 January and 1 February) and a moderate solar activity
Days (18 January)

Kp-index

Fig. 2. Variations of the solar and geomagnetic activity during The electron density plots for these days are shown in
January—May 1999. Figs. 3-5 where the following features can be seen. Unlike
two empirical models, the morning and daytime values of the
NmF2 peak, the F2-layer thickness, as well as the height dis-
ing the neutral gas temperature, density and composition inribution (see also Figs. 9 and 10) obtained by the UAM is
a global sense at any height in parallel with (or without) in a better agreement with the reconstructed images; it can
self-consistent calculations of these parameters. It makebe better seen at 08:53 UT on 11 January, at 11:41 UT on 18
it possible to compare the results obtained by the theoretidanuary and at 07:07 UT on 1 February. During low solar
cal and empirical models of the neutral atmosphere. For thectivity, the RIM-88 model underestimatas values on 11
quiet conditions they differ insignificantly at least after one January and 1 February, as compared to the tomographic data
day of numerical integration, whereas they can differ greatlyand on the contrary, its values are overestimated on 18 Jan-
during geomagnetically disturbed conditions (Namgaladze etiary. The IRI-95 electron density values (especially during
al., 2000a). In the present study, referring to a low geomagdow solar activity) are overestimated in all the cases and in
netic activity, we used the neutral gas temperature, densitpoor agreement either with the tomographic images or with
and composition in MSISE-90 to calculate the variations ofthe other two models. The situation is different near mid-
the ionospheric parameters. night: the electron density values estimated by the IRI-95
A version of the UAM was applied, assuming that the in- are too high compared to the tomographic data. The simu-
put parameters are the electric field potential across the poldated results obtained by the UAM and the RIM-88 are both
cap, having the constant difference of 20 kV, and zero field-consistent between and with the reconstructed data. The
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January 1, 1999
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Fig. 3. Tomography images of the electron density @in the vertical plane over the receiver chain (left column) obtained for the observa-
tional events on 11 January 1999 (in UT) and the corresponding electron density distributions derived from the models (next three columns
from left to right represent the theoretical model UAM, empirical RIM-88 and IRI-95 models, accordingly). All the model calculations were
performed in the plane along the geomagnetic meridiah ef 125.

above three data sets clearly indicate the trough occurrenceyults (at 15:33 UT on 11 January, at 15:35UT on 18 January
as well as a region with precipitating electrons that can beand at 16:41 UT on 1 February). They can be interpreted to
seen nearby. However, the electron density values in the prebe caused by the plasma transport due to a magnetosphere-
cipitation region obtained by the UAM is lower compared to ionosphere convection.

the observed ones. This indicates that the intensity of the

precipitating cold electrons flux in quiet conditions has to be4.2  Winter electron density during a high solar activity (14
increased about by about a factor 2. The essential electron February)

density enhancement in the precipitation region observed in

the tomographic images after 18:00 UT on 18 January camrhe highest solar activity occurred on 14 February (Fig. 6),
be related to a growing magnetic activity upkg, = 3in  \hen theF;o7-value was about 200, i.e. twice exceeding
the evening sector. A prominent feature of the tomographicihe level of solar activity of the days discussed above. The
plots should be noted: a plasma enhancement is seen betwegd)owing features of the tomographic and model images can
67° and 68 in the evening sector. The enhancement is notpe revealed in this case.

obviously related to a particle precipitation. Similar elec-  1he electron density peak values of the tomographic data
tron density enhancements are also observed in the UAM re5 4 the results derived by both models the UAM and the
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January 18, 1999
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Fig. 4. Same as Fig. 3, on 18 January 1999.

RIM-88, are about twice higher at about 11:43UT in the 4.3 Electron density during a low solar activity on the
daytime sector than in the above cases. Unlike the periods  equinox (22 March)
of low solar activity, the IRI-95 model does not contain very

high electron density. It can be seen that in the evening anqtigure 7 presents the data obtained for the equinox. In the
night-side sectors the equatorial boundary of the precipitatyyorning and daytime sectors the tomographic observations
ing electron region was shifted from 6% the latitudes of 5 the theoretical model data show a reasonable agreement
66°—67 at times of high solar activity with increasing den- (see also Figs. 9 and 10); however, both empirical models
sity peak values by about 1.5 in the precipitation region. Thisyngerestimate the level of the electron density in the day-
requires that intensities of precipitating cold electron fluxestime. Both tomographic and UAM electron densities have
have to be corrected (increased by at least by a factor 3), angpout twice higher values on the equinox compared to the
the model latitude of the particle precipitation maximum hasyinter-time with similar other conditions. The reconstructed

to moved to the equator by 2-3 degrees. images in the pre-midnight sector (at 19:24 and 20:12 UT)
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February 1, 1999
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Fig. 5. Same as Fig. 3, on 1 February 1999.

seem to be unusual. They don’t agree with any model due tef the trough. It seems that the tomographic patterns of this
extremely high electron density values on the equatorial wallday have inaccuracies at the edges of the examined latitudi-
of the trough, which can be caused by both the convectiomal interval due to the shapes in the form of contour lens in
and precipitation. these regions. A similar feature was also noticed on some
previous observational days. Such shapes are seen neither in
4.4 Electron density during a moderate solar activity in the theoretical nor in the empirical ionosphere models and
summer (May 11) this feature contradicts a property that in the summertime,
the electron density is determined mainly by the Sun’s zenith

The inversion and model results on 11 May are shown in2ngle over all the other physical factors.
Fig. 8. As expected, a distinctive feature seen in observa- Inthe central part of the studied region the electron density
tions and model plots during summer conditions is the lackvalues are slightly overestimated in the UAM patterns com-
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February 14, 1999
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Fig. 6. Same as Fig. 3, on 14 February 1999.

pared to the daytime tomographic images (see also Fig. @ata — have been taken to calculate these ratios at every point
at 15:22 UT) and vice versa they are underestimated in theorresponding to the fixed latitude, altitude and time value at
morning and evening time. The electron density obtained byten latitudes in the range 65.0—69M with the step 0.5 at

both empirical models is underestimated relative to the tomo<three heights 200, 300 and 400 km for 38 tomography images
graphic values. Relating to the seasonal effect, a comparisoabtained during January—May 1999 period.

of the data obtained during different seasons (11 May, 22 The results of these calculations are demonstrated in
March, 11, 18 January_, and 1 Fe_brua_lry) shows that_tr_\e See}fig. 11 which shows histograms of tié (mod)/N,.(tomo)
sonal effect on 11 May is composite with the solar activity ef- ratios for three models: the theoretical model UAM (left col-
fect. In particular, the observed and theoretical model value%mn) and two empirical models RIM-88 (middle) and IRI-
of the electron density in the daytime summer are abouttwice\95 (right column). The histogram bins have been defined
higher than in the daytime \(vinter and they are almost S.imi'for the values ofgR (a bin size equal to 0.2). Figure 11a
lar to the values on the equinox. However, the solar aCVIY g \vs the ratio distributions for all 1125 data points, whereas

levelin summer is about1.5t|m_es higher than in the equmox.Fig_ 11b shows them at every height separately (375 data
Therefore, in summer the density values can be possibly pre-

dicted to be | th h X duri imilar level points for every height). Open bars indicate the ratio dis-
icted to be lower than on Ihe equinox during SIMIAr 1IVeIS ., vigns for all events (1125 data points for all heights or
of the solar activity. This is in reasonable agreement with

375 data points for every height), whereas shaded bars corre-

k_nown studies referring tp s_eason_al and se_rm-annua_ll Va”aépond only to daytime events (624 data points for all heights
tions of the electron density in the ionospheric F2-region.

or 208 data points for every height). The following fea-
tures of the ratio distributions are seen clearly from these
4.5 Analysis of the ratios of the model electron density to figures. For all events (open bars in Fig. 11a) the highest
the electron density measured by the radio tomographyhars correspond to the ratio range= 0.50 — 0.79 (gR =
—0.3 = —-0.1) for UAM and RIM-88 andR = 0.79 — 1.26
To estimate quantitatively the degree of agreement or dis{/gR = —0.1++0.1) for IRI-95 whereas for daytime events
agreement of the model and tomography measured electroonly (shaded bars in Fig. 11a) the highest bars correspond
densities, we have calculated the ratios of the model electroto R = 0.79 — 1.26 for all three models and the height
density to the electron density measured by the radio tomogef the highest shaded bars is maximal for UAM and min-
raphy,R = N.(mod)/N,.(tomo), for 1125 data points. Four imal for IRI-95. Analysing all events together we obtain
electron density values - from three models and tomographyhat among three models theé. (UAM) values are closest
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March 22, 1999

06
Geographlcal Iatltude deg

Fig. 7. Same as Fig. 3, on 22 March 1999.

to N, (tomo) in 399 out of 1125 cases (36%Y, (RIM- At the fixed height 200 km (the top panel in Fig. 11b),
88) values are closest v, (tomo) in 510 of 1125 cases the highest open bars correspondRo= 0.50 — 0.79 for
(45%) andN, (IRI-95) values are closest ¥, (tomo) in UAM (as well as the highest shaded ba®)= 0.32 — 0.50

216 out of 1125 cases (19%). For the only daytime eventsfor RIM-88 (as well as the highest shaded bars), &e-
the N, (UAM) values are closest t&y, (tomo) in 274 out of  0.20 — 0.32 for IRI-95 (R = 0.20 — 0.50 for the highest
624 cases (44%) whereas (RIM-88) daytime values are shaded bars). It means that all three models systematically
closest toN, (tomo) in 221 cases (36%) and closestNp underestimate thé&/, values in comparison wittV, (tomo)
(IRI-95) values are closest t¥, (tomo) in 129 out of 624  at this height for both daytime and all events, and UAM has
cases (20%). It means that for all events RIM-88 has the besthe minimal disagreement, whereas IRI-95 has the maximal
agreement with the tomography measured electron densitieslisagreement.

whereas UAM has the best agreement with the daytime to- At the fixed height 300 km (the middle panel in Fig. 11b)
mography measured electron densities, and IRI-95 has thghe highest open bars correspondRo= 0.79 — 1.26 for
worst agreement for both daytime and all events. UAM and IRI-95, and taR = 0.50 — 0.79 for RIM-88. The
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May 11, 1999
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Fig. 8. Same as Fig. 3, on 11 May 1999.

highest shaded bars correspondrte= 0.79 — 1.26 for all at this height.
three models at this altitude, and the height of the highest g for thehmF2 andNF2 values at the centre of the in-

shaded bar is maximal for UAM and minimal for IRI-95, but ysestigated latitudinal interval we can see from Fig. 10 that all
the differences between these shaded bar heights are insignifyree models systematically overestimataF2, giving val-

icant. We see in Fig. 11b that for the height 300 km all three s of about 250350 km instead of about 250—-300 km given
model_s show the_best agreement with(tomo) in compari- by the tomography, whered$mF2 from UAM are rather
son with other heights (200 and 400 km). close to the tomography values. Summarizing, we can con-

At the fixed height 400 km (the bottom panel in Fig. 11b) clude that:
the highest open bars (as well as the highest shaded bar)
correspond toR = 2.0 — 3.2 for UAM and IRI-95, and 1. Allthree models show the best (and approximately sim-

R = 3.2 — 5.0 for RIM-88. It means that all three mod- ilar) agreement with, (tomo) at the height 300 km
els systematically overestimate tie values in comparison (near the F2-layer maximum height) in comparison
with N, (tomo) at this height, and UAM has the minimal dis- with the heights below and aboverF2 (200 km and

agreement, whereas RIM-88 has the maximal disagreement 400 km);
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Fig. 9. Height profiles of the electron density, (x10'1m=3) extracted from the reconstructed and simulated data in the centre of the

examined regiong = 67° N) in the daytime sector of the selected cases.

2. All three models systematically underestimate Me
values in comparison withV, (tomo) at the height
200 km and overestimate them at the height 400 km;

5 Conclusions

Selected cases of the electron density changes in the iono-

. For all events and all heights RIM-88 has the best agreespheric F-region over the Kola Peninsula and Karelia in Rus-

ment with the tomography measured electron densitiessia at latitudes from 63to 71° N observed by satellite radio
whereas UAM has the best agreement with the only daytomography between January and May 1999 have been in-
time tomography measured electron densities, and IRIterpreted by using the global theoretical model of the upper

95 has the worst agreement for both only daytime andEarth
all events.

's atmosphere (UAM), as well as by two empirical mod-

els of the ionosphere (IRI-95 and RIM-88). Spatial (height-
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Fig. 11. Histograms of the ratios of the model electron density to the electron density measured by the radio tomaQraphy,
N.(mod)/N,(tomo), for three ionosphere models: the theoretical model UAM (left column) and two empirical models RIM-88 (middle
column) and IRI-95 (right column)a) For all three heights together (200, 300 and 400 Kim) For every height separately.
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latitudinal), diurnal and seasonal variations of the electron S. E., Kashirin, A. I, Klueva, N. M., Koryakina, E. A., Mironova,
density, as well as its changes due to the solar activity during L.S., Sykilinda, T. N., Shushkova, V. B., Vodolazkina, V. I., Sot-

a low geomagnetic conditions were discussed. sky, V. V., and Sheidakov, N. E.: An empirical model for the
Summarising the results of the comparison between the g!obal distributions of densi?y, temperature and effective colli-
three models and tomography measured electron density sion frequency of electrons in the ionosphere, Adv. Space Res.,

data, we can conclude that all three models show the beﬁﬁ 7,49, 1987.

. . ardy, D. A., Gussenhoven, M. S., and Holeman, E.: A statisti-
agreement witli (tomo) at the height 300km (nean=2) cal model of auroral electron precipitation, J. Geophys. Res., 90,

in comparison with the heights below and abéwvd=2 (200 4229 1985,
and 400 km). A” three mpdels S.ystematically undere§timate'_|edin‘ A. E.: Extension of the MSIS thermosphere model into the
the N, values in comparison witiv, (tomo) at the height middle and lower atmosphere, J. Geophys. Res., 96, 1159, 1991.

200km and overestimate them at the height 400 km. Fohudukon, B. Z.: Bayesian probabilistic approach to ionospheric
all events and all heights RIM-88 has the best agreement radiotomography, (Review), in: Modelling processes in the up-
with the tomography measured electron densities, whereas per polar atmosphere, Murmansk, 63, 1998.

UAM has the best agreement with the only daytime tomog-Namgaladze, A. A., Korenkov, Yu. N., Klimenko, V. V., Karpov,
raphy measured electron densities, and IRI-95 has the worst :\IV Bess?\za& FGISb Slurotgn?, ;/'hA"hGIUShChﬁ”kOZ T A.,hand
agreement for both only daytime and all events. The UAM aumova, N. M.: Global mode of the thermosphere-ionosphere-

. . . rotonosphere system, Pure and Applied Geophysics, 127, 219,
daytime electron density values near the F2-layer maximum 2988. P y PP Py

height are quite consistent with the corresponding toMO-Namgaladze, A. A., Korenkov, Yu. N., Klimenko, V. V., Karpov,
graphic images during all the observed seasons (see, €.9.|. v, Surotkin, V. A., and Naumova, N. M.: Numerical mod-
Figs. 9 and 10); therefore, no correction of the solar EUV  elling of the thermosphere-ionosphere-protonosphere system, J.
flux used in the model is required. Atmos. Terr. Phys., 53, 1113, 1991.

The intensity of the precipitating soft electron fluxes usedNamgaladze, A. A., Martynenko, O. V., Volkov, M. A., Nam-
in the model has to be corrected (increased by the factor of galadze, A. N., and Yurik, R. Yu.: High-latitude version of
2-3 in quiet conditions), in order to improve the agreement the global numerical model of the Earth's upper atmosphere,
between night-time values of the electron density observed Proceedings of the MSTU, (http://www.mstu.edu.ru/publish/

. S vestnik), 1, 2, 23, 1998a.
s o N, . . Maryrko, 0., and Nl .
P P P Global model of the upper atmosphere with variable latitudinal

ity must also be included into the mode.l. Th? main changes integration step, Geomagnetism and Aeronomy International, 1,
of the observed electron density (spatial, diurnal, seasonal 53 199gp.

and due to a Solar. actjvity) can be simulated and intel'P"eteql\Iamgaladze, A. A., Foerster, M., and Yurik, R. Yu.: Analysis of the
by the UAM, showing its reasonable accuracy, at least in the positive ionospheric response to a moderate geomagnetic storm
central part of the latitudinal range under study. using a global ionospheric model, Ann. Geophysicae, 18, 461,

. 2000a.
AcknowledgementsThis work was supported by the Grants No.00- Namgaladze, A. A., Namgaladze, A. N., and Yurik, R. Yu.: Global

05-65132 and No. 00-05-65511 of the Russian Foundation for Ba- modeling of the quiet and disturbed upper atmosphere, Phys.

sic Research.
) . . . Chem. Earth (C), 25, 533, 2000b.
Topical Editor M. Lester thanks a referee for his help in evalu Nygren, T.. Markkanen, M.. Lehtinen, M., Pirtilla, J., Henelius,

ating this paper. P., Vilenius, E., Tereshchenko, E. D., and Khudukon, B. Z.:
Bayesian approach to satellite radio tomography with applica-

References tions in the Scandinavian sector, Ann. Geophysicae, 13, 1277,
1995.
Bilitza, D.: The high latitudes in the international reference iono- Nygren, T., Tereshchenko, E. D., Khudukon, B. Z., Evstafiev, O.
sphere: summary, Adv. Space Res., 16, 1, 1995. V., Lehtinen, M., and Markkanen, M.. Mapping the ionospheric

Gulyaeva, T. L., Denisenko, P. F., Armenskaya, O. A., lvanova, Hung., 32, 395, 1997.



