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Abstract. The middle-latitude enhanced electron density regions (EEDRS) in the night-time ionospheric F2-layer
have been investigated using the global numerical Upper Atmosphere Model (UAM) and the empirical
ionospheric model IRI-2001. The mechanism of formation, seasonal and latitudinal-longitudinal variations of the
EEDRs has been studied. It has been shown that two types of the EEDRs exist on the geomagnetic foF2 maps:
1) winter type with maxima in the latitudinal and diurnal foF2 variations and 2) summer type with the maximum
in the latitudinal variation only. Formation of both types of the EEDRs is explained by the corresponding
seasonal variations of the thermospheric wind. The physical mechanism of the EEDRs forming is based on the
joint action of the plasma flows from the plasmasphere and the neutral wind inducing transportation of the
ionospheric plasma along the geomagnetic field lines. The Weddell Sea Anomaly and the analogous
phenomenon observed in the Northern Hemisphere have been explained.

Andoranusi. C moMmomipio TI00ambHON dHCICHHOW Moxaenn BepxHed artmocdepsr 3emmu (UAM) u
smnuprdeckoir monenu uonochepst IRI-2001 uccnemyrorcs HOUHBIE CpETHEMIUPOTHRIE OOJACTH TOBHIICHHON
anektpoHHON KoHIeHTpanuu (OIIOK) B monochepHoM F2-cmoe. Obcyxnarorcs MexaHH3M (popMUpOBaHHA,
ce30HHble U posroTHble Bapuanuu OIIDK. Ha ocHoBe aHanM3a reOMarHUTHBIX KapT IIHPOTHO-AOJTOTHBIX
Bapuanuii foF2 mokasano cymecrsoBanue aByx TunoB OIIDK: 1) 3uMHHIA THII ¢ MAKCUMYMaMH B ITHUPOTHOM U
cyTtouHo# Bapuaisx fOF2 u 2) neTHuit THII ¢ MaKCHMyMOM TOJBKO B HIMPOTHO# Bapuanuu. @opMupoBaHue
obonx THnoB OIIDK 00BsCHAETCS COOTBETCTBYIOIIMMH CE30HHBIMU BapHaIlMsIMH TEPMOC(EpPHOro BeTpa.
Omnuecknii mMexaHusM (opmupoBanuss OIIDK ocHOBaH Ha COBMECTHOM [EHCTBHM TOTOKOB IUIa3MBI W3
1a3Mocdepsl ¥ epeHoca HOHOCGHEPHOI MTa3Mbl BIOJIb T€OMAarHUTHBIX CHIIOBBIX JIMHUI HEHTPaJIbHBIM BETPOM.
B pabote Takxke OOCYXIAlOTCSI aHOMalMs MOpS YdAleiula W aHAJIOTHYHBIA (eHOMEeH, HaOmoJaeMblii B
CEBEPHOM MOJTyIIapHH.
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aHOMaJTHs MOpsI Y 3/I/IeIlIa, YUCIIEHHOE MOJICTMPOBaHIe

1. Introduction

The anomalous night-time enhancements of the electron density in the middle-latitude ionospheric F»-
layer were first described by Gilliland (1935). Further numerous observations had shown that the analogous
enhancements of the plasma density at the F2-layer altitudes are manifested as the pre-midnight and/or post-
midnight maxima in the diurnal and latitudinal variations of the F2-layer critical frequency (foF2) and maximal
electron density (NmF2), total electron content in unit section column (TEC) (Evans, 1965; Da Rosa, Smith, 1967;
Klobuchar et al., 1968; Titheridge, 1968; 1973; Bertin, Lepine, 1970; Young et al., 1970; Park, 1971; Davies et al.,
1979; Rao et al., 1982; Balan et al., 1986; 1991; Balan, Rao, 1987; Joshi, lyer, 1990; Jakowski et al., 1991;
Richards et al., 1994; 2000; Horvath, Essex, 2000; Mikhailov et al., 2000; Farelo et al., 2002).

The reconstruction of the global TEC maps obtained from the GPS satellite network allowed estimating
two-dimensional (latitudinal-longitudinal and latitudinal-temporal) TEC variations. On global maps these night-
time enhancements are clearly visible in the form of the enhanced electron density regions (EEDRS) at the
geomagnetic middle-latitudes 25°-45° (Wilson et al., 1995; Davies, Hartmann, 1997; Ho et al., 1996; 1998;
Brunini et al., 2003). The EEDRs extend from evening sector to morning one.

The EEDRs are observed more often in the quiet winter conditions under low solar activity (Balan et al.,
1991; Garner et al., 1994; Mikhailov et al., 2000; Farelo et al., 2002).

Some authors consider that the cause of the EEDRs formation is related mainly to the ion transportation
by the eastward electric field induced ExB drift. The ionospheric plasma drifts to lower geomagnetic latitudes
where the geomagnetic force tubes have smaller volumes (Park, 1971; Evans, 1965; Davies et al., 1979; Balan,
Rao, 1987; Forster, Jakowski, 1988; Balan et al., 1991; Jakowski, Forster, 1995; Horvath, Essex, 2000). The
tubes are compressed and it results in the EEDRs formation. In the night sector the equatorward neutral wind
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contributes to EEDRs forming (Bailey et al., 1991; Pavlov, Pavlova, 2005). The wind drives the F2-layer plasma
to higher altitudes at which the ion loss rate is lower. However, Richards et al. (2000) used Millstone Hill radar
measurements of densities, temperatures, and drift velocities to show that the measured ExB drifts do not cause
the large nighttime enhancements. They attributed the anomalous density enhancements to the electron
temperature, which remained high between sunset and midnight and then dropped precipitously causing a large
downward ionization flux.

However, the equatorward electromagnetic drift of the plasma moves the F2-layer downward to
altitudes where the ion O* loss rate is larger, thus decreasing NmF2.

Besides the described EEDRs the observations demonstrate other events of the night-time F2-layer
electron density enhancements: the Weddell Sea Anomaly in the Southern Hemisphere (Bellchambers, Piggot,
1958; Penndorf, 1965) and the analogous phenomenon in the Northern Hemisphere (Thampi et al., 2009).

The Weddell Sea Anomaly (WSA) is anomalous because the nighttime F2-layer electron densities exceed
the daytime densities in the Antarctic region from 40°S to 80°S geodetic latitude and about 255°-315° geodetic
longitude (Horvath, Essex, 2003; Horvath, 2006; Burns et al., 2008; Lin et al., 2009; He et al., 2009; Horvath,
Lovell, 2009a,b,c; 2010; Jee et al., 2009; Karpachev et al., 2010; Liu et al., 2010). The WSA is formed in the
summer solstice under quiet geomagnetic conditions and low solar activity.

The analogous phenomenon takes place in the Northern summer Hemisphere from about 40°N to 80°N in
latitude at the meridians of 75°-135° in longitude. Neither phenomena have been observed in winter.

Numerous papers discussed the mechanisms including the joined effects of solar ionization and
thermospheric winds (Dudeney, Piggott, 1978; Horvath, 2006; Liu et al., 2010), geomagnetic field geometry
(Horvath, Essex, 2003; Horvath, 2006), non-coincidence of the geomagnetic and geodetic axes (Lin et al., 2009),
downward plasma fluxes from the plasmasphere (Burns et al., 2008), energetic particle precipitation (Pavlov,
Pavlova, 2007), electric fields (Burns et al., 2008; Horvath, Lowell, 2009b) and plasma convection effects
(Penndorf, 1965). Some authors consider that the principal role in the anomalies formation belongs to neutral
winds (Horvath, 2006; He et al., 2009; Karpachev et al., 2010).

All hypotheses of the EEDRs forming are only qualitative and require the quantitative estimation of each
plasma transfer process contribution in the electron density distribution in the night-time middle-latitude F2-layer.
This approach is realized by means of the mathematical modeling method.

This paper is devoted to numerical modeling of the electron density enhancements in the night-time
ionospheric F2-layer by using the numerical Upper Atmosphere Model (UAM). Our investigation is not a case-
study but an attempt to reproduce the EEDRs in a frame of a global ionospheric spatial and temporal structure as its
parts. We compare our UAM calculation results with predictions of the well known and widely used empirical IRI-
2001 model (Bilitza, 2001) providing global distribution of ionospheric parameters such as NmF2 and hmF2.

2. Global numerical Earth’s Upper Atmosphere Model (UAM)

The Upper Atmosphere Model is a global, three-dimensional, time-dependent, numerical model
simulating the thermosphere, ionosphere, plasmasphere and inner magnetosphere of the Earth as a single system. It
was initially developed at the Kaliningrad observatory (now West Department) of IZMIRAN (Namgaladze et al.,
1988; 1991) and then extended at the Polar Geophysical Institute of the Russian Academy of Sciences and at the
Murmansk State Technical University (Namgaladze et al., 1998). The model includes the equations of the
continuity, momentum and heat balance and the electric potential equation and calculates the concentrations,
velocity vectors and temperatures of basic neutral (O,, N,, O) and charged (NO*, O,", 0", H" and €) components of
the atmosphere at the altitude range from 60 km to 100000 km.

The following continuity equations are solved in the model:

on/ot+v(n,NV,)=Q,—L, a=n,i,e, Q)

where the subscripts n, i and e refer to neutral components, ions and electrons, respectively; n,, Q,, L, are the
concentration, the production and loss rates of a-gas, respectively; V, is the weight-average velocity vector of a-
gas.

The following momentum equations are solved in the model:

padV, /dt + @x(@xr) + 20xV,] = F,, )

where @ is the Earth's angular velocity vector; r is the radius-vector from the Earth’s centre; p, is the mass
density of a-gas; F, is the force acting on a-gas volume unit.
The following heat balance equations are solved in the model:

p(xcvadTa/dt + pavv(x = V(]“(xVTa) + PQa - PLa + PTm (3)
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where c,,, is the specific heat at constant volume of a-gas; A, is the thermal conductivity coefficient of a-gas; T,
is a-gas temperature; p, is a-gas pressure; Py, P, are the rates of heating and heat loss of a-gas; Py, — the rate
of the elastic and inelastic exchange of heat between a-gas and other gases.

The equation for the potential ¢ of the electric field E = -V ¢ is solved numerically taking into account
the dynamo-action of the thermospheric winds:

Vo (Vo—-VxB)—jn] =0, (4)

where o is the ionospheric conductivity tensor; V is the neutral wind velocity vector; B is the magnetic field; j,
is the magnetospheric current density.

The equations (1-3) take into account the photodissociation of molecular oxygen, photoionization by
the direct and scattered solar radiation and corpuscular ionization of neutral components, ion-molecular
reactions, dissociative recombination of molecular ions, charge exchange reactions and transfer processes
(ambipolar diffusion, ion drag, ion-ion friction and electromagnetic drift) for atomic ions, neutral gas pressure
gradients, molecular and turbulent diffusions, neutral-ion and viscous frictions, heating by UV and EUV solar
radiation, Joule heating and heating by precipitating energetic particles, heat conductivity, heating of neutral gas
due to chemical reactions and heat losses due to radiation.

The system of equations (1-4) is completed by initial and boundary conditions.

At the upper boundary (h = 520 km) of the model neutral atmosphere we assume that:

NI& ={T]a =0, (5)

and all neutral components are in the diffusion equilibrium there. At the lower boundary (h = 60 km) the wind
velocity is taken according to the geostrophical approximation and the neutral temperature and densities are
taken from the NRLMSISE-00 empirical thermospheric model (Picone et al., 2002). The neutral atmosphere
parameters and electric field potential are calculated in the spherical geomagnetic coordinate system.

The neutral atmosphere parameters are interpolated to the nodes of the finite-difference magnetic dipole
coordinate grid to calculate the parameters of the ionospheric F2 region and plasmasphere taking into account
electromagnetic plasma drift perpendicular to geomagnetic field lines. The boundary conditions for the model
ionosphere are given near the base of the field lines in the Northern and Southern Hemispheres at height of
175 km. The atomic ion densities at this boundary are obtained from photochemical equilibrium conditions. The
values of the ion and electron temperatures at this boundary are calculated from the equations of heat balance.
We assume that geomagnetic field lines with L > 15 (L parameter of Mcllwain) are open and ion densities and
heat fluxes are set equal to zero at the altitude of 15Rg, where Rg is the Earth radius.

Initial conditions are the stationary solution of the modelling equation system. To obtain this solution
we integrate equations (1-4) until the results of integration do not differ under continuating of integration.

The detailed expressions for all coefficients and terms of the equations (1-4) can be found in
(Namgaladze et al., 1988; Brunelli, Namgaladze, 1988).

The UAM takes into account the non-coincidence of the geodetic and geomagnetic axes and gives the
opportunity to model upper atmosphere parameters variations with the coincided axes. Besides the fully self-
consistent version the model can be configured alternatively using empirical models, for example, the model of
neutral composition and temperatures NRLMSISE-00 and the empirical horizontal wind model HWM-93 (Hedin et
al., 1996) as the corresponding model parts.

3. EEDRs forming mechanism

For estimating the relative role of the thermosphere wind and electric field in the EEDRs forming we
analyzed the electron density time and spatial variations obtained by four UAM versions: 1) with ion drag induced
by the thermospheric wind and the electromagnetic plasma drift (named by "version with wind and drift"); 2) with
wind, but without drift; 3) without wind, but with drift and 4) without both wind and drift. The thermospheric
parameters are calculated using the empirical thermospheric NRLMSISE-00 model (Picone et al., 2002).

In the first and second versions of the model calculation (“with wind™) thermospheric wind velocities are
calculated using neutral gas pressure values obtained from the NRLMSISE-00 model. In the third and forth
versions the thermospheric wind is equal to zero.

In the (1, 3) calculation versions (“with drift") the electric field distribution which determines
electromagnetic drift velocities is calculated solving the equation for the electric potential (5) using the potential
drop Ag across the polar cap (Weimer et al., 1990) as the input parameter. In the second and forth versions electric
field values are equal to zero.

The day 16.04.2002 represents quiet condition (near equinox). All model calculations use the same initial
conditions which were obtained by several iterations of the model equations system integration for the same date
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until the results of two next iterations become equal to each other (the stationary solution).

Fig. 1 presents the geomagnetic foF2 maps at the night longitudinal sector (18:00-06:00 MLT) calculated
by all model versions for 24:00 UT. The midday-midnight geodetic meridian, the terminator and geodetic equator
are drawn on the maps.

The night-time middle-latitude EEDRs (pointed by the black arrows) are more evident on foF2 maps
obtained by versions with thermospheric winds (1, 2). The maps corresponding to the version without winds (3, 4)
do not reveal these regions.
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Fig. 1. Geomagnetic foF2 maps at the night longitudinal sector (18:00-06:00 MLT) calculated by the UAM-MSIS
version for 24:00 UT 16.04.2002. The midday-midnight geodetic meridian, the terminator and geodetic equator are
drawn by the dotted lines on the maps. The EEDRs are pointed by the black arrows

The comparison of the model results calculated with and without electromagnetic drift (1 and 2
correspondingly) shows that the electric field influences on locations of the EEDRs equatorial and high-latitudinal
"sides" only. This can be explained in the following way: the EEDRs are bounded by the main ionospheric trough
from poles and by the trough over the geomagnetic equator formed due to the night-time remains of the equatorial
anomaly. The switching-off of the electromagnetic drift results in the decrease of both trough depths in the version
(2) foF2 distribution. The steepness of the low- and high-Ilatitudinal EEDRs "sides" decreases.

So the EEDRs are formed by the neutral wind action. In the night sector the equatorward neutral wind
drives the F2-layer plasma to higher altitudes where the ion loss rate is lower. This mechanism acts jointly with
plasma flows from the plasmasphere resulting in F2-region plasma density increasing. The ionosphere-
plasmasphere exchange is taken into account in the UAM self-consistently by integrating O" and H* continuity
equations along the geomagnetic field lines.

4. Seasonal variation of the EEDRs
We have calculated global 3D n, patterns for two quiet days representing December (23.12.1985) and
June (23.06.1986) solstices under low solar activity level by using the following UAM configurations:
1) version with thermospheric parameters and 3D circulation calculations by solving the momentum,
continuity and heat balance equations (marked as UAM-TT);
2) version with thermospheric parameters calculation using the empirical thermospheric NRLMSISE-00
model (Picone et al., 2002) (marked as UAM-MSIS);
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3) version with neutral composition and temperature calculation using the NRLMSISE-00 model and
horizontal velocities of the thermospheric wind calculation using the empirical model HWM-93 (Hedin et al.,
1996) (marked as UAM-MSIS-HWM).
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Fig. 2. Geomagnetic foF2 maps at the night longitudinal sector (18:00-06:00 MLT) calculated for the December
solstice (23.12.1985) for 06:00 UT (left column) and for the June solstice (23.06.1986) for 18:00 UT (right
column). At the first upper row the IRI-2001 results are presented; at the second one — of the UAM-MSIS version;
at the third one — of the UAM-MSIS-HWM version; at the fourth one — of the UAM-TT version. The midday-
midnight geodetic meridian, the terminator and geodetic equator are drawn by the dotted lines on the maps. The
winter EEDRs type is pointed by the black arrows. The summer type is pointed by the dashed black lines
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The numerical modeling results are compared with the IR1-2001 data.

The geomagnetic foF2 maps calculated by the UAM and IRI-2001 models at the night-time MLT sector
are shown in Fig. 2 for the December solstice (left column) and the June one (right column) for fixed moments
of 06 and 18 UT correspondingly. The maps format is the same as in the previous figure.

The EEDRs of two types are clearly visible in both geomagnetic hemispheres in the UAM calculation
results: 1) the winter type with maxima at the latitudinal and diurnal NmF2 variations (pointed by the black
arrows) and 2) the summer type with maximum at the latitudinal variation only (pointed by the black dashed
lines).

The IRI1-2001 model reproduces both types of the EEDRSs but in its results these regions are less visible
in the Southern Hemisphere than in the Northern one. Apparently this is explained that the number of the
ionosonde stations is less in the Southern Hemisphere.

The amplitudes of foF2 enhancement in the EEDRs over the background values are larger in winter
conditions than in the summer ones. It agrees with the experimental data (Mikhailov et al., 2000; Farelo et al.,
2002).

All UAM versions differ by the method of the 3D thermospheric circulation calculation. It explains the
differences of the EEDRs life-time, latitudinal location and amplitude of the foF2 enhancements caused by the
corresponding longitudinal-latitudinal variations of the thermospheric wind at the night sector.

5. Longitudinal variation of the EEDRs

As the main cause of the EEDRs forming is the thermospheric wind pushing plasma along the
geomagnetic field lines, these regions must depend on the UT moment (UT-effect) and the longitudinal sector due
to the non-coincidence of the geomagnetic and geodetic axes.

Figs 3-4 present the results of the model calculations (the IRI-2001, the UAM-MSIS, the UAM-MSIS-
HWM, the UAM-TT — from top to down in Fig.3-4) of the latitudinal-temporal foF2 variations for two geodetic
meridians A;=105° and 1,=285° under low solar activity for the December solstice (summer in the Southern
Hemisphere) (Fig. 3) and the June solstice (summer in the Northern Hemisphere) (Fig. 4). Meridian A, = 285° passes
across the Weddell Sea anomaly region. The geomagnetic equator is marked by the horizontal solid black line.

Fig. 3 shows that all UAM versions and IRI-2001 model reproduce night-time EEDRs summer type in the
Southern Hemisphere at the geodetic meridian 1, = 285° (marked by the solid black circles). These regions have
a characteristic property: the summer night-time foF2 values in the EEDRs exceed the day-time foF2 values. Just
this phenomenon is called the Weddell Sea anomaly (WSA). At the meridian A; = 105° the EEDRs are absent.

In the UAM the summer night-time densities in the WSA exceed the day-time ones by the same factor as
in the IRI (IRI: factor of 1.2 for foF2 or 1.4 for NmF2, UAM: factor of 1.3 for foF2 or 1.7 for NmF2). But in
comparison with the IRl model the UAM gives the WSA at lower geodetic latitudes (IRI: 48°-80°S, UAM-MSIS:
44°-64°S, UAM-MSIS-HWM: 42°-66°S, UAM-TT: 40°-54°S) and earlier by LT (IRI: ~20 to 2 LT, all UAM
versions: 18 to 23 LT). We discuss these differences later (in Section Discussion).

For the June solstice in the Northern Hemisphere all model calculations show that the analogous WSA
phenomenon is formed at the geodetic meridian A; = 105° in the summer Northern Hemisphere (Fig. 4, marked by
the solid black lines) and it is absent at A, = 285°.

Discussed model calculation results were obtained by using the UAM taking into account the non-
coincident geodetic and geomagnetic axes. Both anomalies occur in summer hemispheres where the geomagnetic
equator was located. Though these regions are projected at the subauroral geodetic latitudes, these are phenomena
of the geomagnetic middle-latitude F2-layer.

As it was shown earlier the EEDRs are formed by the neutral wind action, particularly by the ion
momentum transfer induced by the thermospheric wind along the geomagnetic field lines. The vertical ion velocity
induced by the meridional wind (Fig. 5) is:

Vi, ~ Vi ssin | ~ Viecosl-sinl, (6)
where | — the inclination of the magnetic field B, V., — the meridional velocity of the neutral particles in the
magnetic meridian, Vy — the projection of V,,, at the magnetic field line (field-aligned ion velocity received by
collision with a neutral particle), Vi, — the projection of V;; at the vertical direction (axis z). The vertical ion velocity
V;, induced by the wind is proportional to the cosl-sinl value.

When the geomagnetic and geodetic axes are not coincident, the cosl-sinl magnitude at the fixed geodetic
latitude depends on the geodetic longitude value. For example, Fig. 6 shows that the WSA locates at the
longitudinal sector (255°-315°) for which the cosl-sinl has the maximal values.

6. Discussion

Now let us consider the plasmaspheric flux influence on the night-time ionospheric F2-layer behaviour.
Fig. 7 shows the IRI and UAM modeled LT-variations of the NmF2, hmF2, V,, (h = 300 km), T, (h = 500 km) and
H" flux (h = 1000 km) at 3 geodetic latitudes and 2 geodetic meridians both for the winter (Northern) and summer
(Southern) Hemispheres. We can see the following peculiarities of these variations in this figure.
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December solstice
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Fig. 3. Latitudinal-temporal foF2 variations in the summer Southern Hemisphere under low solar activity
calculated for the December solstice (23.12.1985) for two geodetic meridians 4; = 105° (right column) and
A2 =285° (left column). At the first upper row the results of calculation by the IRI-2001 are presented; at the
second one — by the UAM-MSIS version; at the third one — by the UAM-MSIS-HWM version; at the fourth one
— by the UAM-TT. At the fifth row the results of calculation by the UAM-TT version with the coincident
geomagnetic and geodetic axes are presented. The geomagnetic equator is marked by the horizontal solid black
line. The Weddell Sea anomaly is marked by the solid black circles
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June solstice
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Fig. 4. Same as in Fig. 3, but for the June solstice (23.06.1986). The analogous WSA anomaly in the Northern
summer Hemisphere is marked by the solid black circles

At 285 deg. long. meridian (close to Millstone Hill) IRI shows a weak NmF2 maximum near O3LT and
a rather flat hmF2 of about 310 km. Both UAM versions show the more smooth NmF2(LT) than that by IRl with
hmF2 of about 275-300 km and positive equatorward winds after 18LT till midnight when they reach 100-120 m/s
then decreasing to zero. H' flux (h = 1000 km) is close to zero between 18 and 06LT.
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We should mention the peculiarity of the winter anomaly in the American sector which is related to the
fact that in this sector middle geodetic latitudes belong to the subauroral geomagnetic latitudes. Millstone Hill is
rather subauroral than mid-latitudinal station. Fast zonal drifts (polarization jets) are often observed here. Near
midnight these drifts can diverge or converge depending on what electric fields (determined by FAC1 or FAC2)
dominate there. It means that only three-dimensional consideration with a correct description of electric fields is
required for this location.

At 105 deg. long. meridian IRI shows a pronounced NmF2 maximum near 01-02LT with hmF2 rather
similar to that at 285 deg. longitude. Both UAM versions (TT and MSIS-HWM) give (show) the same NmF2 from
18 till 24LT reaching maximum near 23LT with hmF2 of about 250-275 km. Equatorward winds are negative till
20LT and remain close to zero in UAM-TT version after this time moment and small positive (V,,<50m/s) between
20 and 23LT in UAM-MSIS-HWM version. H" fluxes are downwards directed at this time interval in both UAM
versions. Therefore namely these fluxes are responsible for the pre-midnight NmF2 growth. After 23LT winds
remain close to zero in UAM-TT version, H" fluxes decrease and NmF2 drops in this UAM version whereas in the
UAM-MSIS-HWM versions positive equatorward winds continue to grow resulting in the growth of NmF2 and
hmF2. Therefore namely winds are responsible for the forming of the second NmF2 maximum at O5LT in the
UAM-MSIS-HWM version.

It is interesting that the UAM results overestimate the IRl values in the cases when the UAM
overestimates downward H+ fluxes which support the ionospheric F2-layer. The last depends on the plasmaspheric
tube fullness. When the UAM versions have the same plasmaspheric fluxes and winds, their electron density values
are very close to each other too.

At 285 deg. longitude IRI shows a maximum of NmF2 at 22LT at 45-50 deg. latitudes with the HmF2
maximum of about 350 km approximately at the same time. Both UAM versions give NmF2 maximum at 20LT
with lower electron density values in the UAM-TT version. H* fluxes are upwards directed in both UAM versions
from 16 till 21LT (being more intensive in the UAM-TT version) then reversing their directions in the UAM-TT
version and remaining near zero in the UAM-MSIS-HWM version. Equatorward winds have two approximately
equal maxima at 22 and 02 LT in the UAM-TT version producing analogous hmF2 variation. In the UAM-MSIS-
HWM version the second maximum of the winds dominates but this does not reflect in the hmF2 (LT) variation.
We see that NmF2 in the UAM-MSIS-HWM version drops too fast after its maximum due to lack of the support by
the plasmaspheric fluxes and insufficiently high equatorward wind velocities. In the UAM-TT version NmF2 drops
more slowly after its maximum but the NmF2 values are lower due to the low sunset values.

Fig. 7, summer 285E provides an explanation for the displacement of the WSA density maximum from
22 LT in the IRl to 20 LT in the UAM. Fig. 7 shows that the plasmaspheric fluxes were upward-directed at 16-
21 LT and 03-08 LT. For 21-03 LT the UAM gives the downward fluxes but their values were too small and not
sufficient to support the ionospheric F2-layer density. To increase the plasmaspheric downward flux, we should
use more fulfilled initial state of the plasmasphere. But in this case we obtain too large exceeding of the UAM
density over the IRI one at winter 105°E. Besides, as we can see from Fig. 7, the hmF2 values of both UAM
versions at summer 285E underestimate the IRI results. It means that both the UAM and the HWM winds at this
location are insufficient in comparison with real winds determining the peak electron density level. Therefore,
the displacement of the density maximum from 22 LT in the IRI to 20 LT in the UAM is caused by too low both
winds and fluxes at this location after 20 LT.
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Fig. 7. LT-variations of the NmF2, hmF2, V. (h = 300 km), T, (h = 500 km) and H" flux (h = 1000 km) calculated
by the IRl and UAM (MSIS-HWM and TT) at 6 geodetic latitudes (¢p=+49.6°, £45.6° and +41.6°) and 2 geodetic

At 105 deg. longitude nor IRI neither UAM show any nighttime summer NmF2 enhancements. The
UAM-MSIS-HWM NmF2 agree better with IRI (sometimes coinciding) than UAM-TT but HmF2 in IRI (of about
325 km) are higher than in UAM (275-300 km). More high wind velocities are required therefore in the pre-
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meridians (1 =285° and 105°) both for the winter (Northern) and summer (Southern) Hemispheres. The V, positive
values correspond to equatorward meridional wind. The upward H* fluxes are positive. Corresponding geomagnetic
latitudes are in brackets
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midnight hours to improve the agreement between both NmF2 and hmF2 values calculated by IRI and UAM.

It is evident that the IRI-UAM agreement can be improved by initial conditions calibration, particularly
by correct setting of plasma tubes fullness. It means that plasmaspheric initial conditions by the UAM
simulations are to be longitude dependent. This implies different tubes fullness at different geomagnetic
meridians. Such initial condition setting is inappropriate because firstly it is very laborious method and secondly
an improvement of results agreement at some meridians will be accompanied by its deterioration at other
meridians.

At last let us consider the electron temperature LT variations (last column in the figure). We see a rather
good agreement between the IRl and UAM Te(LT) variations except the winter 285 deg. longitude where the UAM
nighttime Te are higher than those of IRI. No signatures of the electron temperature influence on the nighttime F2-
layer electron density enhancements are seen in the model calculation results.

Thus we conclude that the main cause of the WSA and analogous phenomenon in the Northern
Hemisphere is the non-coincidence of the geodetic and geomagnetic axes. Due to this non-coincidence the ion
momentum transfer along the geomagnetic field lines by the thermospheric wind forms the longitudinal electron
density variations with the anomalous diurnal variation in the Southern and Northern Hemispheres under summer
condition.

In order to check this we calculated the electron density variations in the same longitudes without taking
into account the non-coincidence of the geodetic and geomagnetic axes. The results of corresponding UAM
calculations are presented in Figs 3-4 (bottom panels). The figures show that in this case the WSA and analogous
phenomenon in the Northern Hemisphere practically disappeared. We suggest that the whole disappearance of the
phenomenon can be reached by the exception of the initial conditions influence on the model results.

7. Conclusion

Thus the analysis of the results of the model calculations ionospheric F2-layer electron density by using
the global numerical model of the Earth’s upper atmosphere and the empirical model of the ionosphere IRI-2001
results in the following conclusions.

1) The main cause of the occurrence of the night-time middle-latitude enhanced electron density regions is
the joint action of the equatorward thermospheric wind and the plasma flows from the plasmasphere to the night-
time ionosphere.

2) The electric field influences only on the latitudinal location of the equatorial and high-Ilatitudinal
EEDRs "sides" by forming the main ionospheric trough at the high latitudes and the trough over the geomagnetic
equator.

3) The seasonal EEDRs variations are expressed by the existence of two types of these regions: 1) winter
type with maxima in the latitudinal and diurnal foF2 variations and 2) summer type with the maximum in the
latitudinal variation only. Both EEDRS types formation is caused by the corresponding season variations of the
thermospheric wind.

4) The Weddell Sea Anomaly in the Southern Hemisphere and the analogous longitudinal variation in the
Northern Hemisphere under the summer conditions are the summer type of the EEDRs. The numerical experiments
have shown that both phenomena are caused by the non-coincidence of the geomagnetic and geodetic axes which
produces the difference in vertical velocities of the ion transfer by the thermospheric wind action at different
longitudinal sectors.

5) The UAM-IRI comparison shows that the empirical and theoretical models reproduce rather similar
global electron density patterns with EEDRs of both winter and summer types with the same levels in magnitude
but with differences (of about 2-4 hours) in local time of occurrences. Such displacement in LT can be related with
the simplified geomagnetic field model and inaccuracies in neutral wind velocity and plasmasphere-ionosphere
fluxes calculations in the UAM.
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