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Abstract. Using numerical calculations with a mod-
el of the high-latitude ionosphere in Eulerian variables,
we study the influence of magnetospheric convection on
the large-scale structure of the ionosphere during a
moderate geomagnetic storm for winter solstice condi-
tions. The perturbed electric field of convection is
shown to cause changes in the shapes and sizes of the
main structural formations of the ionosphere. We have
found out that the effect of a geomagnetic storm de-
pends on the time of the beginning of the disturbance
due to the displacement between the geographic and
geomagnetic poles (UT control). The effect is most pro-
nounced in the case of a storm that begins at 16 UT,
when the perturbed electric field of magnetospheric

convection transfers plasma of the daytime ionosphere
to the nightside. It is shown that during periods of dis-
turbances along with the horizontal component of the
electromagnetic drift its vertical component, which
causes an increase in the height of the F2-layer maxi-
mum on the dayside and its decrease on the nightside,
also has a significant effect.

Keywords: magnetospheric convection, magnetic
storm, ionosphere model, high-latitude ionosphere, sub-
auroral ionosphere, mismatch of poles.

INTRODUCTION

The high-latitude ionosphere exhibits regular large-
scale structural features such as the tongue of ionization
and the polar hole at high latitudes, polar and auroral peaks
in the dayside cusp and in the night sector, as well as the
main ionospheric trough (MIT) at subauroral latitudes [Mi-
zun, 1980]. During geomagnetic storms, configuration of
these features gets much more complicated, which is main-
ly caused by perturbation of the large-scale electric field of
magnetospheric convection that depend on the orientation
of the interplanetary magnetic field (IMF). Depending on
IMF orientation, magnetospheric convection can have a
two-vortex, three-vortex, and four-vortex structure [Hep-
pner, Maynard, 1987]. IMF variations during storms define
the unsteady nature of convection and cause the large-scale
structure of the ionosphere to change significantly. The
ionospheric response to geomagnetic storms is most pro-
nounced during the storm main phase. There are positive
and negative ionospheric disturbances that lead to a local
increase and decrease in electron density n, respectively
[Prélss, 1995; Danilov, 2013; Ratovsky et al., 2018;
Klimenko et al., 2015]. Changes in n, distribution during
geomagnetic storms affect radio wave propagation and
positioning accuracy of global navigation satellite systems.

The effect of the convection electric field on the large-
scale structure of the high-latitude ionosphere during dis-
turbed periods has been repeatedly studied using numerical
models [Klimenko, Namgaladze, 1976; Mingalev, 1978;

Zherebtsov et al., 1988; Uvarov, Barashkov, 1989; Tash-
chilin, Romanova, 2002, 2007; Uvarov, Lukianova, 2014;
Uvarov, Lukianova, 2015; Lukianova et al., 2016; Liu et
al., 2017; Larina, Glebova, 2019; Klimenko et al., 2019].
The first works on the effect of magnetospheric convection
employed models based on the Lagrange formalism under
the assumption that the geographic and geomagnetic poles
coincide. In [Uvarov, Lukianova, 2014; Uvarov, Lukia-
nova, 2015], the convection effect of various types on the
structure of the high-latitude ionosphere was examined and
it was shown that a change in the IMF orientation leads
to a restructuring of the large-scale structure of the
high-latitude ionosphere. Later, a study was conducted
on the IMF effect on the large-scale structure of the high-
latitude ionosphere, taking into account the displacement
between geographic and geomagnetic poles under station-
ary conditions [Lukianova et al., 2016]. Larina, Glebova
[2019] analyzed the response of the high-latitude iono-
sphere to an abrupt change of the sign of the IMF B, com-
ponent and found that the change of the sign of B, is fol-
lowed by stratification of the tongue of ionization and
by formation of large-scale blobs of ionization. Deng
and Ridley [2006] investigated the ionospheric response to
a sudden disturbance of the convection electric field at
12:00 UT, using the numerical model GITM (Global lono-
sphere-Thermosphere Model) and the Weimer electric
field model [Weimer, 1996]. They found that the vertical
component of the ExB-drift velocity vector causes the F2
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layer to move upward in the dayside ionosphere and to
move downward on the nightside, which was also ob-
served in [Klimenko, Namgaladze, 1976; Mingalev, 1978].
Liu et al. [2017] used the Thermosphere—lonosphere Elec-
trodynamic General Circulation Model (TIEGCM) to ex-
amine the configuration of the tongue of ionization at
different IMF parameters at different moments of UT.
Klimenko et al. [2019] employed the Global Self-
consistent Model of the Thermosphere, lonosphere, and
Protonosphere (GSM TIP) to analyze the structure of the
tongue of ionization during the March 16-18, 2015 geo-
magnetic storm (St. Patrick’s Storm). Note that the above
studies [Deng, Ridley, 2006; Liu et al., 2017; Klimenko
et al., 2019, etc.] were carried out for equinox conditions.
Meanwhile, the effects of displacement between the poles
are most pronounced for winter conditions [Kolesnik,
Golikov,1982, 1984; Golikov et al., 2020; Golikov et al.,
2022]. Inthis regard, it is interesting to examine the effect
of magnetospheric convection on the large-scale structure
of the high-latitude ionosphere during a geomagnetic
storm for winter solstice conditions (6=—23°).

The purpose of this work is to study the effect of the
perturbed magnetospheric convection electric field on
the large-scale structure of the ionosphere during a ge-
omagnetic storm in winter, using a nonstationary iono-
spheric model constructed taking into account the dis-
placement between geographic and geomagnetic poles.
To account for the convection, we employ the Weimer
empirical model of the electric potential of the high-
latitude ionosphere [Weimer, 1996]. The Weimer model
is based on spherical harmonic functions whose coeffi-
cients were derived from satellite data, and allows us to
obtain the electric field potential distribution in the
high-latitude ionosphere depending on IMF parameters.

MODEL OF THE HIGH-LATITUDE
IONOSPHERE

The calculations have been carried out by the model
of the high-latitude F-region of the ionosphere, whose
equations are written in Eulerian variables in a spherical
geographic coordinate system with a polar axis coincid-
ing with Earth's rotation axis [Golikov et al., 2012,
2016]. The electron density n,, temperatures of electrons
T and ions T; in the height range 120-1000 km are de-
termined by numerically solving a system of nonsta-
tionary three-dimensional equations consisting of equa-
tions of continuity for ions and thermal conductivity for
electrons and ions. In the height range considered, the
quasi-neutrality condition can be assumed, i.e. ne=3¥n;.
Cooling rates of electron gas when interacting with neu-
tral particles and ions are set according to [Schunk,
Nagy, 1978; David et al., 2011]. The temperature and
concentration of neutral components were calculated
using the thermosphere model NRLMSISE-00 [Picone
et al., 2002]. We employed the Auroral Precipitation
Model (APM) [Vorobjev et al., 2013] to calculate the
distribution of average energies and energy fluxes of
precipitating electrons, and the formula proposed in
[Fang et al., 2008] to find the ion formation function of
precipitating particles. The photoionization rates at large
zenith angles of the Sun (y>75°) are computed according
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to [Chapman, 1931]. The displacement between geo-
graphic and geomagnetic poles is taken into account as
follows. The electric field and magnetospheric convec-
tion velocity components, zones of energetic particle
precipitation and downward heat flow are determined in
a spherical geomagnetic coordinate system with subse-
quent transition into a geographic system. We set the
coordinates of the north geomagnetic pole 78.5° N, 291° E
[Schunk, Nagy, 2009]. The geomagnetic field is defined
in the dipole approximation whose components in the
spherical coordinate system have the form

3
H, :—ZgO(R—rEj coso,,,
3
H, ——go(&j sin@,,,
v r
H, =0,

where r is the radius; 0y, is the geomagnetic colatitude; Rg
is the Earth radius; go~0.3 G is the intensity of the geo-
magnetic field measured at the equator at r=Rg.

The algorithm for solving the system of modeling
equations is analyzed in [Golikov et al., 2012, 2016]. To
numerically solve the system of three-dimensional differ-
ential equations, we employed the total approximation
method [Samarskii, 2001] in which the solution of three-
dimensional differential equations is reduced to the succes-
sive solution of a system of one-dimensional equations.
Next, for one-dimensional equations we use a finite differ-
ence approximation followed by reduction to a three-point
scheme that is solved by the tridiagonal matrix algorithm.
A simple Chapman layer is utilized as the initial condition
for solving the continuity equation for atomic oxygen ions,
and electron and ion temperatures are equated to the neu-
tral gas temperature. The calculations were made as fol-
lows: Ar=10 km, A8=2°, Ap=10°, At=5 min.

A significant problem in modeling the high-Ilatitude
ionosphere is to set upper boundary conditions in the
region where particles are exchanged with the protono-
sphere and the inner magnetosphere, especially in the
case of disturbances. In this work, a plasmaspheric ion
flux 0" F=x10® cm™ s (plus corresponds to the day-
side period; minus, to the nightside period) is specified
according to [Evans, 1974] behind the convection re-
gion, where it is assumed that the field lines are closed.
At high latitudes, a zero flux F=0 is assumed in the con-
vection region in accordance with the results of [Kole-
snik, Golikov, 1981], where it is shown that in this lati-
tude region n, at the height of the F2 maximum weakly
depends on the flux at the upper boundary.

2. INPUT PARAMETERS

Yermolaev et al. [2011] used OMNI data
[http://omniweb.gsfc.nasa.gov] for the period from 1976
to 2000 for statistically studying solar wind and inter-
planetary magnetic field (IMF) parameters during mag-
netic storms. The sudden commencement of a moderate
geomagnetic storm (from —50 to —100 nT) was shown to
occur with a sharp decrease in IMF B, to about —7 nT
within 1-2 hrs during the storm initial phase. Then, during
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the main phase there is a slow monotonous decrease in
IMF B, to -8 nT. At the same time, the geomagnetic
activity index Dst reaches about —80 nT. The storm main
phase lasts for ~6 hrs. Variations in IMF B, and B, the
solar wind velocity V, and its density N during the mod-
erate storm can be assumed to be insignificant. Using
these results, we set the following input parameters of
the Weimer model to describe the perturbed electric
field during the moderate geomagnetic storm: V=400
km/s, N=10 cm™®, B,=0 nT, B,=0 nT. The IMF B, com-
ponent is given by a variable (Figure 1, a). There are
two diametrically opposite scenarios: 1 — with the on-
set of the storm at 16 UT; 2 — with the onset of the
storm at 04 UT (see Figure 1) since the displacement
between geomagnetic and geographic poles leads to UT
control of the large-scale structure of the high-latitude
ionosphere [Watkins, 1978; Sojka et al., 1979; Kolesnik,
Golikov, 1982; Golikov et al., 2016]. The charged parti-
cle precipitation model APM PGIA utilizes the geomag-
netic activity indices Dst and AL as input parameters,
calculated from the given IMF parameters, using the
following expressions [Burton et al., 1975; Murayama
etal., 1980; Murayama, 1982]:

Dst = Dst, +b(P)"* —c,
AL =—60(B, +0.5)(V /400)°,
where
dt
0,E, <05 mV/m;
F(E)= {d (E,—05), E, >05mViv;

F(E)—aDst,;

0,B,>0;
* |-B,,B, <0.

Here E,=VB,-10° [mV m™], P=nV*107 [eV cm™],
a=3.6-10"° [s], b=0.2y [(eV ecm™)™?], c=20y, d=-
-1.5:10% [(mV m ™) s7Y].

The results of calculations of Dst and AL are shown
in Figure 1, b. Under quiet conditions (B,=0), Dst~0 nT,
AL~-34 nT. During the disturbed period (B,=7 nT), Dst

2.5

a

Dst nT

UT, hours

Figure 1. Variations in the IMF B, component (a) and cal-
culated geomagnetic activity indices Dst (solid line) and AL
(dashed line) (b) at the storm sudden commencement at 16:00
UT and 04:00 UT
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and AL amount approximately to -50 and —-500 nT re-
spectively.

3. RESULTS AND DISCUSSION

Figure 2 illustrates space-time distributions of electron
density at the height of the F2 maximum n,,F2 at different
moments of UT under quiet (a—f) and disturbed (g-I)
conditions. To make the convection effect more visible,
we ignored charged particle precipitation. Concentric
circles indicate geographic latitudes of the Northern
Hemisphere drawn through 10°. The lower boundary
corresponds to 40° N. The numbers on the outer circle
are the local time, and the geographic longitude is
shown in parentheses next to it. Referring to the figure,
the Western Hemisphere is located on the dayside. The
dashed line (top) is the position of the terminator at a
zenith angle ¥=90°. The point of intersection of two
mutually perpendicular lines is the geomagnetic pole,
which is 11.5° away from the geographic pole. Arrows
in this figure, as well as in Figures 3-9, indicate velocity
vectors of ionospheric plasma drift caused by the mag-
netospheric convection electric field (the longer the ar-
row, the higher the velocity). White isolines denote elec-
tric field potentials calculated using the Weimer model.
Let us analyze the results of numerical calculations for
quiet conditions (B,=0) (see Figure 2, a—f). In this case,
the convection structure consists of two cells in the
dawn and dusk sectors (see Figure 2, a). The configura-
tions of the isolines of the electric field potential and
electron and ion drift velocities (arrows) show that at
16:00 UT the convection region partially enters the day-
side zone above the terminator, which leads to antisun-
ward plasma transfer from the dayside ionosphere to the
nightside and to the formation of the tongue of ioniza-
tion. Then, from 16:00 to 00:00 UT there is a gradual
shift of the tongue of ionization toward the nightside
due to Earth's rotation around its axis and the displace-
ment between geographic and geomagnetic poles.

Figure 2, g-I presents the results of numerical calcula-
tions for disturbed conditions. The IMF B, component is
set according to scenario 1 (see Figure 1). At the initial
moment of 16:00 UT, the convection electric field is seen
to correspond to quiet conditions (B, =0) (see Figure 2, g).
Then, from 16:00 to 17:00 UT, due to a decrease in IMF B,
to —7 nT, convection is enhanced and the area of its action
enlarges, which is clearly seen from isolines of the electric
field potential (see Figure 2, h, i). This causes the area of
overlap of the convection region with the dayside iono-
sphere to increase at 17:00 UT (see Figure 2, i) and hence
to more significant plasma transfer from the dayside ioni-
zation to the nightside by the antisunward flow and the
subsequent elongation of the tongue of ionization in the
day-night direction at 19:00 UT (see Figure 2, j). En-
hanced convection leads to an increase in nyF2 in the
nightside high-latitude ionosphere to values lager than
3-10° cm® (see Figure 2, j, k). In the dusk and dawn sectors
in the regions of sunward convection, the plasma transfer
is observed by noon (see Figure 2, j, k). After 22 UT,
convection weakens, but on the nightside at 00:00 UT in
high latitudes n,,F2 is higher than under quiet conditions
due to residual ionization accumulated during the storm
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main phase (see Figure 2, f and ). Thus, comparison
between the results of numerical calculations for quiet
and disturbed conditions shows that positive disturb-
ances occur at subauroral and high latitudes during a
moderate geomagnetic storm due to enhanced antisun-
ward convection and increased area of its action.

Figure 3 presents the results of numerical calcula-
tions with regard to charged particle precipitation by
APM PGIA [Vorobjev et al., 2013]. The calculated rates

12(300°)
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B;=0 nT

0(120°)

12(255°)

12(292°)

0(112°)
12(210°)

of corpuscular ionization are shown in Figure 4. In this
case, the high-latitude ionosphere is additionally sup-
ported by ionization by incoming charged particles in
the auroral oval. Under quiet conditions at 16:00 UT, a
region of low nyF2 is formed in the polar region
(®,,>80°) — a polar hole (see Figure 3, a) surrounded
by ionization in the auroral oval. In the latitude de-
pendence in the dusk sector in the “full shadow” region
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Figure 2. Space-time distributions of electron density at the height of the F2 maximum n,,F2 at different moments of UT un-
der quiet (B,=0, a—f) and disturbed (B,#0, g-I) conditions without regard to charged particle precipitation for a storm starting at
16:00 UT
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Figure 3. The same as in Figure 2, but with regard to charged particle precipitation
12(300°) 292°) 12(285°)

18

0(120°)
12(255°)

19:00 UT
By=-7nT €

18

0(75°)

— 1000 m/s

80

12(

0(112°)

12(210°)

0(30°)

0(105°)

12(180°)

22:00 UT
B,=-7nT

618 |-

160 240 320 400 480 560 640

Figure 4. Space-time distributions of the rate of corpuscular ionization g, calculated by APM PGIA [Vorobjev et al., 2013] at

a height of 200 km (auroral oval)

[Kolesnik, Golikov, 1982], there is a deep trough of
concentration — the main ionospheric trough (Figure 3,
a). The polar wall of MIT is formed due to the com-
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bined action of corpuscular ionization and magnetospher-
ic convection. After the onset of the storm at 16:30 UT,
the perturbed convection electric field leads to disap-
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pearance of the polar hole due to an expansion of ion-
ized particle fluxes from the dayside into this region
(see Figure 3, b, ¢). At 19:00 UT, the depth of MIT de-
creases, and its position shifts southward by ~5°+10°
(see Figure 3, e). The electron density n. in the tongue
of ionization increases. By 00:00 UT, IMF B, drops to
0 nT, and the area of the convection region decreases
and becomes the same as under quiet conditions (see
Figure 3, f). Meanwhile, residual dayside ionization

12(120°)

04:00 UT
B,=0nT p

0(300°)
12(75°)

12(112°)

0(292°)
12(30°)

persists behind the convection and precipitation regions.

Let us now examine the response of the large-scale
structure of the high-latitude ionosphere to a magnetic
storm starting at 04:00 UT. This situation is diametrical-
ly opposite to that arisen during the magnetic storm
starting at 16:00 UT. Figure 5 shows the results of nu-
merical calculations for quiet and disturbed conditions
in terms of charged particle precipitation. In this case,
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Figure 5. Space-time distributions of electron density at the height of the F2 maximum n.,F2 at different moments of UT un-
der quiet (B,=0, a—f) and disturbed (B,#0, g—I) conditions in terms of charged particle precipitation for the magnetic storm start-

ing at 04:00 UT
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the Eastern Hemisphere is on the dayside. As can be
seen, at 04:00 UT the geomagnetic pole along with con-
vection and precipitation regions is on the nightside. As
a result, the tongue of ionization, the concentration in
which is maintained by corpuscular ionization and mag-
netospheric convection, is separated from the dayside
ionosphere (Figure 5, a). At geomagnetic latitudes
above 80°, a polar hole with n,F2<10* cm™ is formed.
In the latitude dependence on the dayside in the range
70-80° N, there is a deep trough of n,,F2 — the daytime
trough (see Figure 5, a—f). The formation of the daytime
trough in winter is associated with the "full shadow"
phenomenon [Kolesnik, Golikov, 1984].

Under disturbed conditions, enhanced magnetospheric
convection causes the separated tongue of ionization to
expand and auroral peaks of n,F2 to flatten (see Figure 5,
g-1). At 07:00 UT, convection overlaps the daytime trough
and significantly increases n,F2 as compared to its values
under quiet conditions (see Figure 5, j, d). By 12:00 UT,
convection velocities fall and its region decreases. None-
theless, comparison of Figure 5, f and | shows that residual
dayside ionization persists on the nightside.

Thus, during a moderate magnetic storm, the magne-
tospheric convection effect, which leads to changes in
shapes and sizes of the main large-scale structural fea-
tures of the ionosphere, is determined by the time of
onset of the geomagnetic storm due to the displacement
between geographic and geomagnetic poles.

The effect of the storm is most pronounced if it starts at
16:00 UT. In this case, the perturbed electric field of mag-
netospheric convection transfers plasma from the dayside
ionosphere to the nightside more intensively than under
quiet conditions. A similar effect should occur in the
Southern Hemisphere, where the displacement between
geographic and geomagnetic poles is even greater. Note
that the conditions of the nightside winter ionosphere in the
region of closed field lines are affected by the ion flux from
the conjugate summer ionosphere of the Southern Hemi-
sphere. However, the diffusion transfer between conju-
gate ionospheres through the plasmasphere is character-
ized by inertia and is formed within ~8-10 hrs [Krin-
berg, Tashchilin, 1984].

As shown above, magnetospheric convection is one of
the main mechanisms of horizontal plasma transfer at high

12(300%)

16:00 UT

-~

0(120°)

100 -80 -60 -40 -20

— 1000 m/s

12(255°)

4]

and subauroral latitudes. Owing to the configuration of
geomagnetic field lines, the convection electric field can
also lead to upward and downward plasma drift together
with plasma motion along the field lines due to diffusion
and neutral wind [Klimenko, Namgaladze, 1976; Min-
galev, 1978; Deng, Ridley, 2006; Schunk, Nagy, 2009;
Liu et al., 2017]. Figure 6 illustrates space-time distribu-
tions of the vertical ExB-drift velocity.

E,
Ug =—-cosl,
H

where H is the magnetic field strength; I is the geomag-
netic field inclination; E, is the zonal convection electric
field component [Kolesnik, Golikov, 1982], calculated for
conditions with the onset of the storm at 16:00 UT. At
16:00 UT under quiet conditions, u, is directed upward
on the dayside (~+20 m/s) and downward on the
nightside (~—20 m/s). At 19:00 UT under disturbed con-
ditions, u,e increases significantly and reaches about
+80 m/s. When comparing the ug distributions for
16:00 and 00:00 UT, we can see that u,e depends on UT
due to the displacement between geographic and geo-
magnetic poles. So, at the distribution for 16:00 UT on
the nightside, u, is directed downward from 08:00 to
14:00 LT; whereas at the distribution for 00:00 UT,
from 20:00 to 01:00 LT.

Figures 7, 8 demonstrate space-time distributions of
nnF2 and the height of the F2-layer maximum h,F2
with and without regard to u., calculated for the
storm starting at 16:00 UT. Comparison of Figure 7,
a—c with d-f allows us to estimate the effect of vertical
electromagnetic drift. We can see that at 16:00 UT
under quiet conditions the results of numerical calcu-
lations differ slightly (Figure 7, a, d). Yet, at 19:00 UT,
after the start of the storm, the impact of u,e causes h,,F2
to change significantly (Figure 8, e). On the dayside in
the afternoon sector, the F2 layer rises to ~360 km; and
on the nightside, it descends to ~220 km (see Figure 8, e).
On the nightside, the effect of ug leads to a general de-
crease in n,F2 in the subauroral and high-latitude iono-
sphere (see Figure 7, e, f). On the dayside, there is an
increase in n,F2 in the afternoon sector (Figure 7, e).

12(180°)

19:00 UT - —

00:00 UT

o=

20 40 60 B0

Figure 6. Space-time distributions of the vertical ExB-drift velocity component u,e at a height of 300 km at different mo-

ments of UT
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Figure 7. Space-time distributions of the maximum electron density in the F2 layer n,F2 without (a—c) and with (d—f) regard
to the vertical ExB-drift component u, at different moments of UT
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Figure 8. Space-time distributions of h,,F2 without (a—c) and with (d—f) regard to the vertical ExB-drift component u, at dif-
ferent moments of UT

At 00:00 UT, a polar hole with n,F2~10° cm™ is  This indicates a connection between the formation of
formed at geomagnetic latitudes above ~80°, and the polar hole and downward u,g, which is consistent
hmF2 decreases by 40 km compared to quiet condi-  with the assumption put forward in [Tashchilin, Ro-
tions (from 300 to 260 km) (see Figures 7, f, 8, f). manova, 2002].
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Figures 9 and 10 illustrate the space-time distribution
of electron density at 360 km and the vertical profile of n
at 19:00 UT for day and night conditions with and without
regard to ue. We can see that when u, is taken into ac-
count on the dayside in the afternoon sector above the ter-
minator there is an increase in n, due to the rise of the F2-
layer maximum to the region where the recombination rate
is lower (see Figures 9, b, 10, a). The density increase is
hindered by the diffusion increase D, at high altitudes,
where plasma rises at a rate of u, (see Figure 10, a). On the
nightside, there is a drop in n. due to the descent of the
layer to the region with a high density of neutral particles
and hence with a higher recombination rate (see Figures 9,
b, 10, b). Similar changes in h,F2 and n, in the region of
perturbed magnetospheric convection were also observed
from measurements with the incoherent scatter radar in
Poker Flat and from global maps of the total electron con-
tent (TEC) of GPS during the October 24-25, 2011 geo-
magnetic storm [Zou et al., 2013].

12(255°)

a

Thus, the vertical component of the ExB-drift ve-
locity has a significant effect on the large-scale struc-
ture of the ionosphere; therefore, its consideration is
necessary when modeling the subauroral and high-
latitude ionosphere during geomagnetic disturbances.
Note that the effect caused by u,e will depend on sea-
son, universal time, and type of convection. This issue
requires further research.

CONCLUSION

We have studied the effect of magnetospheric con-
vection on the large-scale structure of the ionosphere
during a moderate geomagnetic storm for winter condi-
tions (6=—23°) through numerical calculations by the
non-stationary ionosphere model in Eulerian variables.

—= 1000 m/s

Figure 9. Space-time distributions of electron density n, (10 cm™3) at 360 km without (a) and with (b) regard to ue
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Figure 10. Vertical profiles of electron density n. (black line) and ambipolar diffusion coefficient D, (red line) at 19:00 UT
for daytime (54° N, 280° E) and nighttime conditions (70° N, 60° E) without (dashed line) and with (solid line) regard to u,e
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The results of the study allow us to draw the follow-
ing conclusions:

1. Disturbance of the magnetospheric convection
electric field during a moderate geomagnetic storm
causes changes in shapes and sizes of the main structur-
al features of the ionosphere such as the polar hole, the
tongue of ionization, and the main ionospheric trough.

2. In winter, the geomagnetic storm effect depends
on the time of onset of the disturbance (UT control) due
to the displacement between geographic and geomag-
netic poles. The effect is most pronounced in the case of
a storm starting at 16:00 UT when the perturbed magne-
tospheric convection electric field transfers plasma from
the dayside ionosphere to the nightside.

3. During disturbed periods, the vertical electro-
magnetic drift component has a significant effect on the
large-scale structure of the ionosphere, which causes the
electron density to decrease on the nightside and to in-
crease on the dayside due to a change in the height of
the layer maximum.

The work was carried out under government as-
signment (State Registration Number 122011700182-1).
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