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SIMULATION OF IONOSPHERIC PLASMA VELOCITY ALONG
THE GEOMAGNETIC FIELD LINES DUE TO THE HORIZONTAL
NEUTRAL WINDS

With use of horizontal neutral winds model HWM93 there are calculated the elements of a global
picture of thermosphere circulation, the changes of value and direction of thermosphere wind over
Kharkiv. The calculations of constituent part of vertical component of ionospheric plasma velocity
caused by horizontal neutral winds were made.
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Statement of the problem. Motion of the ionospheric plasma is determined
by the processes of diffusion, dragging by neutral wind and electromagnetic drift.
The dragging by neutral wind characterizes the global processes in the ionosphere
and, in some cases, may be the determining factor. Now the empirical model of
horizontal neutral winds HWMO93 [1] is successfully used. In general, it presents
satisfactorily a global picture of the atmospheric circulation. However HWM93 as
any empirical model, requires constant addition of observational data obtained in
different regions. One of such informative tools of observation is incoherent scatter
radar of the Institute of ionosphere. It gives possibility to determine the overall
velocity of the plasma in the vertical direction. From these data, at the further
processing, the component determined by neutral winds can be calculated [2].
Therefore it is necessary to know kind of data, given with the model, as these data
are determined by time and solar activity. Subsequently, these data will be
compared with the results of observations and used for model development.

The work purpose. Using the model HWM93 to calculate and interpret the
dynamic processes in the upper atmosphere, caused by neutral winds at
thermospheric altitudes.

Dynamic processes modeling. Dynamics of the upper atmosphere is one of
the most important problems of geospace. This applies both to dynamics of neutral
components and dynamics of an ionosphere. The dynamics of the neutral
components is determined mainly by the tidal forces caused by heating of the
upper atmosphere by solar radiation and, in a minor part, lunar tides. These
movements are often decisive in the dynamic processes of the ionosphere and play
the important role in formation of global distribution of electron density.
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Fig. 1 — Distributions of the horizontal neutral winds in northern and
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Fig. 1-2 shows the global distribution of neutral velocity vectors for winter
and summer solstices, vernal and autumnal equinoxes at low solar activity. The
calculations are executed on model HWM93 [3 — 5] of horizontal winds of neutral
components. For the calculations there were taken magnetically quiet conditions
(4,=2); the level of solar activity (SA) was characterized by index F,,=100. The
calculations of neutral winds were carried out for altitude of 300 km.

The graphs show that there is a significant difference between the summer
and winter periods. It is noteworthy that in the local summer almost round the
clock thermospheric wind is directed toward equator, changing in value and
direction. In local winter one can see a clear change of direction during the day: in
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the afternoon — in a direction of a corresponding pole, at night — through the pole in
the opposite direction.

As to the equinox periods, the same tendency of change of a wind vector
direction is shown, as well as in local winter time. It can be seen that both in
direction and value of velocity, the equinox periods are very similar.

Now we will show the variations of thermospheric wind direction over

Kharkiv (see Fig. 3-4).
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Fig. 2 — Distributions of the horizontal neutral winds in northern and southern
hemispheres at altitude of 300 km in days of vernal and autumnal equinoxes. Character of
the distributions of velocity vectors is almost the same
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Fig. 3 — Variation of value and direction of horizontal wind over Kharkiv in winter
and in summer during the day. In summer at low solar activity in magnetically quiet
conditions during all time a northern wind component is absent
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Fig. 4 — Variation of value and direction of horizontal wind over Kharkiv at vernal and
autumnal equinoxes during the day

Finally, to connect the given model calculations with studies of the
ionosphere by incoherent scatter method, we calculated the vertical component of
the velocity of the ionospheric plasma dragged by thermospheric wind. The fact is
that due to the magnetization of ionospheric plasma horizontal wind forces the
plasma to move along the geomagnetic field lines. In turn, this movement has a
vertical projection, which can later be compared with the ionospheric observations
data. The results of calculations are shown in Fig. 5-6.
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Fig. 5 — The vertical component of the drag plasma velocity in the summer and winter time
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It is seen that in summer at low SA thermospheric wind during the whole day
gives a contribution to upward component of overall plasma velocity. In winter
during the daytime there is a significant downward movement.
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Fig. 6 — The vertical component of the plasma drag velocity in the vernal and autumnal
equinoxes

Equinox periods occupy an intermediate position and are almost identical in
nature.

Conclusions. There are analyzed the details of a global picture of
thermosphere circulation for Kharkiv region during various seasons. There is
executed the simulation of constituent part of vertical component of ionospheric
plasma velocity caused by horizontal neutral winds. To confirm or to correct the
presented model calculations will be possible by processing of ionospheric plasma
velocity observations obtained by incoherent scatter method.
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C Hcronb30BaHWEM MOJENH TOPU30HTAIBHBIX HeWTpanbHBIX BeTpoB HWMO93 paccunTaHbl 371€MEHTHI
rJI00aNbHOM KapTHHBI TepMOCHEPHON LUPKYISIUKM, W3MEHEHHS BEIMYMHBI ¥  HAlpaBJICHHS
TepMocdepHoro Berpa Haa XapbkoBoM. IIpoBemeHb pacu€Thl KOMIIOHEHTBHI BEPTHKAIBHOM
COCTaBJISIIOIICH CKOPOCTH [BIIKCHHS HOHOC(EPHOH TI1a3Mbl, OOYCIOBJICHHON TOpPU30HTAJIbHBIMU
HEHTpaIbHBIMH BETPaMHU.

KnarueBble c10Ba: MOJENb TOPU3OHTAJbHBIX HeHTpanbHbIX BeTpoB HWM93, nunamuka
HOHOC(hEpPBI, CKOPOCTh JABUKEHUS HOHOC(HEPHOIA TIIIa3MBIL.

3 BHKOPHCTAaHHSM MOJEN TOPH30HTANBHHUX HeifTpasbHuX BitpiB HWMO93 pospaxoBani enemMeHTH
rino0anbHOl KapTHHH TepMOoc(hepHOi IUPKYINii, 3MIHH BEIMYUHH 1 HANpsMy TepMOC(EpHOro BiTpy
Hajy XapkoBoM. IIpoBenmeHO pO3paxyHKH KOMIIOHEHTH BEPTHKAIBHOI CKIAJOBOI HIBUIKOCTI PYXY
ioHOC(hEepHOI M1a3Mu, 3yMOBIICHOI TOPH30HTAIBHUMU HEHTPAILHUMH BITPAMH.

Kuio4oBi ciioBa: Mozens TOpU30HTANBHEX HelTpanpHuX BiTpiB HWMO93, nunamika ioHocdepu,
MIBUJKICTE PyXy i0HOC(EpHOT IIa3MH.
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