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ABSTRACT

Theoretically and by corresponding numerical simulations it is shown that the formation and
localization of sporadic E (Es) layer at its mainly observable mid-latitude lower thermosphere heights can
be determined by homogeneous horizontal wind velocity direction and value. In the suggested theory,
differently from 'windshear' theory, the wind direction and value, in addition to geomagnetic field and
vertically changing ion-neutral collision frequency, determine the minimal negative value of the divergence
of heavy metallic ions drift velocity, which in turn causes ion convergence into Es type horizontal thin layer.
Here, in the upper heights of the lower thermosphere, the Es layer peak density and thickness are also
controlled by ion ambipolar diffusion.

In the lower thermosphere of the northern hemisphere, the Es layer caused by horizontal
homogeneous wind can be located at height regions where (1) the ions vertical drift velocity is zero and its
divergence is negative (east-northward wind), (2) the ions drift downward (northward and westward wind),
which occurs more frequently, or (3) the ions drift upward (eastward wind) and their negative divergences
vanish and (4) in the case of dominance of southward wind the divergence of ion drift velocity is positive,
consequently ion density divergence occurs and Es type layer formation is not expectable. The Es layer
density increase and its vertical motion to its expectable location are faster for greater values of the
horizontal wind velocity. The possibility of development of the suggested theory for vertically
inhomogeneous wind is noted.
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1. Introduction

The knowledge of physical mechanisms of sporadic E (Es) layer formation could give a possibility
to predict its possible location, which is very important for modern radio communications. The search for
physical mechanisms of Es layer formation had started in early 1960-ies [1,2]. The 'windshear' theory is
considered to be the main one explaining of sporadic E formation [ 3,4]. According to this theory, in the
lower thermosphere the eastward wind at lower heights changes to the westward one at upper heights or
southward wind to northward which causes the accumulation of the heavy metallic ions into the horizontal
thin layer in the regions close to wind polarisation changes [5]. The observations show that the Es layers do
not always form in the regions of changes of horizontal wind polarisation [6,7,8], which shows the necessity
of modification of this theory.

In the presented study, the formation of sporadic E by horizontal homogeneous wind in its main
observable region of 95-150km is shown using theoretical and corresponding numerical methods. According
to the suggested theory the ion vertical drift velocity, caused by horizontal wind in the lower thermosphere,
already has minimal negative or/and maximal positive values in its divergence, which is determined by
geomagnetic field, vertically changing ion-neutral collision frequency, and also direction and value of wind
velocity. In the framework of this theory, in the lower thermosphere, for the known dominant ions
distribution and wind field the formation and possible location of the Es layer can be predicted.
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In this case, the east-northward wind can form Es type layers at about middle height of these regions
where ions drift velocity is zero and its divergence is negative. Relatively frequent formation of Es layer and
its location at the bottom side of the lower thermosphere, where ions downward drift velocity and its
negative divergence vanishes, occur during dominance of northward and westward components of wind
velocity. For the upper heights of the lower thermosphere (about 135-150km) Es layer formation occurs
during dominance of eastward wind where ions upward drift and their negative divergence vanishes. Here
the Es layer density also is controlled by ions ambipolar diffusion. The Es type layer formation is faster for
greater horizontal wind velocity. According to the suggested theory, an ion/electron divergence also occurs
in case of dominance of southward component of the horizontal wind, where ions upward drift velocity
divergence is positive.

Considering the influence of horizontal wind direction and values on the ion /electron behavior and
taking into account their ambipolar diffusion, it is important to create a realistic model of sporadic E
formation and predict its possible location [9]. The presented mechanism does not exclude the additional
effect of influence of wind shear caused by tidal motion [10] or atmospheric waves and instabilities, as well
as wind and electric field directions on the Es formation and behavior [11,12,13,14,15], which can be
developed by suggested theory.

2. Theory of sporadic E formation under the influence of homogeneous horizontal wind

The horizontal wind influences on ion vertical drift velocity via combined action of the Lorentz
forcing and ion-neutral collision. The dependence of ions motion on the meridional VX and zonal Vv,
components of background horizontal wind velocity of neutral particles V(V,,V,,0) taking into account

their ambipolar diffusion, can be described by the equation of ions vertical drift velocity w; [14,16,17]:

1 ON,
W, = _Cx (Z)Vx _Cy(z)vy - Da(Z)N_iE , 1)
where
1 .
C,(2)= msm I cosl, 2
_x(2)
Cy(z)_1+K2(Z) cosl 3

D.(2) = K% (2) +zsin2I 2kT | @
1+x°(z) My, (2)

I m

Here x(z) =v,,(z)/®; , v,(z) is ion-neutral collision frequency, », =eB/M is the ion gyrofrequency (
o, =80s™), B(Bcosl,0,—Bsinl) is the Earth’s magnetic field vector, | is the magnetic dip angle, M, is
the ion mass, D, (z) is ambipolar diffusion coefficient, T = (T, +T,)/2 is mean plasma temperature, T,

and T, are ions and electrons temperatures, respectively, kgis Boltzmann constant. We take a right-handed
set of coordinates (X, y, z) with x directed to the magnetic north, y to the west and z vertically upwards. The
C,(z) and  C,(z)coefficients determine an influence of the meridioznal (V, =V cos¢) and zonal (
V, =V sing) components of horizontal wind velocity V' on ions vertical drift velocity. These coefficients
significantly change in the lower thermosphere in the region between 100 km and 140 km height. This
change is mainly caused by v;,(z), which is determined by vertical distribution of neutral particle densities
(IN2], [02] and [O]) which are dominant in this region [18]:
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v, (2) = (2.62|N, J(z) + 2.61]0, (z) +1.43[0](z))-10 s (5)

To investigate the behavior of height profile of electron density N, (z,t), assuming quasi-neutrality
N, = N,, we use continuity equation, taking into account the presence of background horizontal wind with

meridional V, =V cos¢ and zonal V, =Vsing components (V :|V|), in the expressions of ions
vertical drift velocity, equations (1)-(4), which has the following form:

ON. ON. o 0 ON.

—L =C'(2)VN. +C(z2)V —+C(2)N. —+—[D._ (z)—], 6
p (2)VN; +C(2) p ()'82 az[a()az] (6)
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C(z,9) =C,(z)cosp +C, (z)sing = 1+ £ (2)

osl, @)

! 8C i _ - 2 .
C'(2,0) = COsgp =% 4 sing = = $IN® ZK(Z)C‘)S("ZS'”'Z KE@)sing 0K g
o oz [L+x%(2)] P

p=2XV (0<¢<360°) is angle between horizontal wind and x axes direction -wind orientation angle.
Euation (6) shows that the behavior of the N,(z,t) in the lower thermosphere is determined by vertical

changes in vertical flux of ion/electron (9(N,w;)/0z ), where it can be influenced by an ambipolar diffusion
( oc D,), horizontal background wind value ( V = |V|) and shear (Z—V ), as well as by the height profile of
z

the C(z,¢) and C (z,9) coefficients, equations (7) and (8). The latter coefficients are important in the
current investigation. In turn, the height profile of the C(z,¢) and C (z,¢) coefficients, equations (7) and
(8), are determined by the beckground horizontal wind direction (¢ ), geomagnetic field (B ), ion-neutrals

collision frequency v;,(z) and its vertical changes (‘Z—K oc %) , see equations (2), (3), (7) and (8).
z z

Equation (1) shows that when vertical drift velocity caused by horizontal wind exceeds their

e

D
diffusive displacement characteristic velocity CV >> N—a , then their vertical flux

e
N; w, = —N,VC(z) is proportional to ion vertical drift factor C(z). In this case, in a certain region of the
lower thermosphere, where ow, /oz ~ -VC'(z) — C(z)aa—V > 0 , the ion/electron density can be increased (
z

a;e >0) and where awi/GZz—VC'(z)—C(z)aa—V<O, it can be decreased (equation (6)). The
z

windshear theory does not take into account the influence of C' factor on vertical changes in ions drift

A
velocity (equation (8)) and, thus on sporadic E formation. According to this theory, when —C(z)% >0,
Z
in the region where horizontal wind velocity (V') changes its polarisation, and where w; = —-C(z)v =0,

. . . . oV
the ion/electron may converge into a thin layer and form the Es layer. Here, the condition —C(z)a— >0
z

depends on the wind shear and it can be met for any direction. In the present consideration, an increase in the

N W,
ion/electron density ( aate oc —% ~ C'(z)V > 0) is possible under the influence of the particular direction
z
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of the homogeneous horizontal wind (%—V =0, % ~—C'(z)V ), when C'>0. In this case in the region
z z

where the factor C' is maximal, the vertical change of ions drift velocity is minimal (O w; /6z) min <0, so
their convergence into a thin layer and formation Es is also possible.

In the case of homogeneous horizontal wind the C' factor determines both increase (e.g., C'>0) and
decrease (e.g., C'<0) tendencies of ion/electron density, so it will be referred as an ion

convergence/divergence factor. The points z =z, or z = z,, where C' is maximal, C'(z=2,)=C,_, >0
((@w; /6z) min < 0), and minimal C'(z=2,)=C,,;, <0

((0w; /oz)max > 0), determine the regions with maximal tendency of ion/electron density convergence or
their divergence and will be reffered as ion convergence driving point (ICDP) z =z and ion divergence
driving point (IDDP) z =2,.

Let us note that when wind’s direction changes to opposite ( V ——V), C (z) also changes the
sign i.e.C (z,90) > —C (2, +180°), see equation (8), therefore the ICDP z, and IDDP 2z, also
exchange places - z_(¢) = z, (¢ +180°) .

The approximated analytic solution of equation (6),

Ne(z!t) ~ Nom exp |:_ 2H|32a +C'(Z)V:|(t—to)_(z _[Zom _CH(Z)V(t_to)]J , 9)

Ic

ic
shows the possibility of sporadic E formation in the case of presence of homogeneous horizontal wind, with

behavior significantly determined by ions vertical drift factor C and their convergence/divergence C' factors.
This solution is valid for small time of t —t, << HZ /2D, and heights (z —z,,) << HzZ. The equation (9)

at the initial time of t =t, correspond to the ion/electron Gaussian type distribution layer with maximal
density N, (peak density) at corresponding z =z, height (peak height), which in the case of absence of
2D,

2
ic

height of ions, which at some initial time t=to determines ion/electron main layer thickness (2H,.) and

wind (C, C'=0) decreases due to ambipolar diffusion oc N exp[—- (t—t,)]. H, ischaracteristic scale

height region z -z = tH;

i » Where their density decreases e-times. Despite the fact that N, (z,t)
described by equation (9) does not take into account the time dependence of parameters N, and H,,

which will be considered in numerical simulations in the next chapter, it still describes a tendency of
sporadic E formation under the influence of homogeneous horizontal wind taking into account ions vertical
drift and their ambipolar diffusion.

The N, (z,t) of equation (9) shows that, when

2D,

2
ic

C..V >

(10)

then its increase ( N, /N, >1) is possible. In this case when C=0, then at ICDP z, the maximal increase

in electron density occurs (developing convergence instability), equation (9), and the Es type high density
narrow layer formation is possible around this point. Such convergence instability, continuing increase in

electron density and decrease in its thickness around z_. in case of C=0 should be balanced by their

2D
ambipolar diffusive displacement (oc _2a ), which increases with decrease of this layer thickness.

ic
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According to equation (9), the development of ion/electron convergence processes (

aa'\:e oc C'(z)V >0 or C'>0), are also possible during the downward (VC=>0 or C>0) or upward (VC<O0

or C<0) drift of peak height z, =z, —VC(t—t,) by velocity VC. These processes should be faster for

greater values of the horizonal wind velocity V. So, for various directions of the horizontal homogeneous
wind, the height profiles of the factors C(z) and C'(z) determine the regions, where, under its influence, the
ion/electron convergence into dense thin layer and correspondingly sporadic E formation is possible. The
C(z) and C'(z) factors also determine the regions of ion/electron density divergence (C'<0). For example,

: 2D . . N ,
when C=0and —C_;V >>——=*, then maximal decrease of the ion/electron density will occur in the IDDP
ic

Zy (Cr'nin <0).
Figure 1 depicts (a) the ions vertical drift C(z,¢) and (b) convergence/divergence C'(z,¢) factors

height profiles for various horizontal wind (V) direction angle (p:4x§/ (0 < @ <360°) at north
hemisphere mid-latitude regions (45°+2° N, 45°+2° E) with geomagnetic declination 1=61° +2°. Blue and
yellow lines correspond to the heights where ions vertical drift factor C=0 at their divergence region (C'<0)

for wind direction angles ¢,,,_s =90° +arctang(x/sinl) and at their convergence region (C'>0) for

Ppe_n =270° +arctang(x/sinl), respectively. The arrows express the ions drift velocity direction at

given height and horizontal wind direction angle ¢ determined by drift factor C(z,¢) , equation (7). The
lower height arrows correspond to the height regions with comparatively smaller values of ion drift velocity (
C~0.02C,, ). z=h-h, is the difference between an actual and some initial height h, . Here and

hereafter for simplicity z =h (h, =0).

Figure 1 shows that, in the height region of the Es layers formation (100-140 km), the ion
convergence/divergence factor C (z,¢) always exists and has maximal positive (C'>0) or/and minimal
negative (C'<0) values. Therefore, in the framework of proposed mechanism, the convergence (
N, /N, >1) or divergence (N,, /N, <1) of ion/electron density under the influence of horizontal

wind could occur.

In the upper atmosphere, at z >140—145km and z < 95—100km the ion vertical drift factor
C(2) changes slightly (C — constant), and the ions convergence/divergence factor C' vanishes (C'— 0 )
. Therefore, according to the proposed mechanism, formation of Es layer under the influence of the

homogeneous wind (88_V = 0 ) horizontal components (VX ,Vy # 0) are less expected.
z

Figure 1b shows that, in case of northward wind ( ¢ =0), the ICDP z, ( C'(z=24,)=C,, >0

) and, in case of southward wind (¢ =180°), the IDDP z, (C'(z =2z,)=C,,;, <0) are at about 121km
height. For non-meridional directions of wind both - the ICDP z; and IDDP z4 exist. During westward (
@ =90°) and eastward (¢ = 270°) winds, z,, = Z,z #116km and z. = z,, ~131km.

Here and hereafter the lower thermosphere parameters in equations (1-6) are used in accordance with
NRLMMSISE-00 model [19]. z.4,Z, =h,, H,. and normalized electron density N_/N,, will be given

with 0.5km, 0.05km and 0.05 accuracy, respectively.

If we assume that neutral particles in the lower thermosphere have barometric distribution, then

v,k oc exp(—z/ H) , and from equation (8) the maximal value of C'(z,¢ =0)=C (2)

in?
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Figure 1. (a) The ion vertical drift C(z,¢) and (b) convergence/divergence C'(z,¢) factors height profiles

for various horizontal wind (V) direction angle (p=4x§/ (0< @ <360°) at north hemisphere mid-
latitude regions (45°£2° N, 45°+2° E) with geomagnetic declination 1=61° +2°. Blue and yellow lines
correspond to the heights where ions vertical drift factor C=0 at their divergence region (C'<0) for wind

direction angles ¢,,,_s =90° +arctang(x/sinl) and at their convergence region (C'>0) for

Py =270° +arctang(x/sinl), respectively. The arrows express the ion drift velocity direction at

given height and horizontal wind direction angle ¢ determined by drift factor C(z,¢), equation (7). The
lower height arrows correspond to the height regions with expectably, comparatively smaller values of ion
drift velocity (C = 0.02C

max )

can be obtained:
C...( —O)—isinlcosl (11)
Xmax ¢ 2H 1

which corresponds to K =1 (v,, =Q,). H is the atmospheric scale. So, for the northward wind the ICDP
Z, corresponds to the height where v,, =€, and for heavy metallic ions (Fe+) it is located at about
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Zo #121km. In case of southward wind (¢ =180°) C, . (¢ =180°)=-C, . =—(1/2H)sinl cosl
and the IDDP z, =z, ~121km. For the mid-latitude regions (Sinl cosl = 0), in case of presence of the
meridional wind (¢ =0 or ¢ =180") the ICDP z,, ((6w;/0z)min<0) and IDDP z, already exist

(Figure 1b) and they vanish at equatorial (I —0) and polar (1 — 90°) regions.

xmin

For the barometric atmosphere, in case of westward wind C'(z,¢ =90°) =C, (z), estward wind
C'(z,p=270°) =—C,(z), the ICDP z_(¢=90°)=2,, and z (¢ =270°) =2z, are located at about
09H (z,, —z4, =-0.5H In(3+\/§)) below and above (z; -z, =-0.5H In(3—\/§)) the point
Zov e ®121km, where:

vmax

1
=——cosl . 12
4H (12)

In this case, the IDDP z,(p=90°)=1z,, and z,(p=270°)=1z, are located at about 0.9H

above and below z .o ~121km, where C . =—(1/4H)cosl .

Figure 1 shows that in case of meridional (¢ =0 or ¢ =180") and zonal winds (¢ =90° or

@ =270%), the location of convergence/divergence points and the values of C' at these points are close to

those estimated for barometric atmosphere by equations (11) and (12), for the atmospheric scale heights
H=8-10km. So, for northward wind there is only the ICDP (C'>0), while for southward wind - the IDDP
(C'<0). Thus, according to equation (9), the development of electron convergence or divergence processes at

Zyw =245 ~#121km are only expectable. For westward and eastward winds there are both convergence and

divergence points and, correspondingly, the electron density behavior, equation (9), is determined by
convergence and divergence processes developed in this region. For any other directions of the horizontal

wind, C and C' factors are determined by their sums for meridional and zonal winds (C,(z)cose,
C. (2)cose, C,(2)sing and C'y(z)sinqo), equations (7) and (8), the ICDP and IDDP locations are
different.

Figure 1 shows that depending on wind direction (¢) the ICDP z,(C'(z=2,)=C,,, >0) and

IDDP z,(C'(z=2,)=C,,, <0) can be located between 100km and 140km heights. In these regions of

height the ion vertical drift factor C(z) is different (C=0, C>0, C<0). Therefore, according to equation (9),
various scenarios of electron/ion convergence into a thin layer and formation of sporadic E can be
developed.

We consider the possible scenario of Es type layer formation (C'>0) when ion vertical drift caused
by horizontal wind: (1) VC=0, (2) VC>0 is downward, (3) VC<O is upward, and also when (4) ion
divergence occurs (C'<0).

(1) The condition of VC(z = z,) =0 (C=0) occurs at midlatitude lower thermosphere during east-northward
and west-southward winds. z =z, is height where ion upstream and downstream flux caused by horizontal

wind is balanced and w,;(z=12,)=0 (see Figure 1 and equation (1)). In case of smaller influence of ion
D, oN

a e

ambipolar diffusion on its vertical motion, |CV| >> , the value of w,(z=12,) =0, equation (1). In

e
the considered midlatitude region the ions vertical drift balance points exist at 100-140km for the east-
northward 285° < ¢ <360° and its opposite west-southward 105° < ¢ <180° winds, equations (1) and (7).

Here C(z =140km, ¢ ~105°;285°) =0.
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For east-northward wind the condition of C(z=12,)=0 (-C,V cosp—C,V singp =0) occurs in
the ion convergence (C'>0) region (see Figure 1), where the ion upward drift —C,V sing>0 (z<zb), caused
by horizontal wind velocity east component (U, =V sinp<0), is balanced by their downward drift
—-C\Vcosp<0 (z>zb), caused by the northward component (U, =V cose >0). In this case the
horizontal wind direction angle is ¢ =270"+arctang(C,/C,) =@, . When ¢, =307°, ICDP

. *127km and w,(z=12,)=0 (z,=Zz,). In this case, from equation (9) the convergence layer and
correspondingly, sporadic E formation are expected at height z, =z, .

When ion vertical drift velocity VC(z =z_.) =0, then according to equation (9), in the ICDP z_,
region ion convergence into a thin layer (convergence instability), caused by horizontal wind, can be

ZD; . In this case the formation of sporadic E type thin

ic

layer with minimal thickness H,, =1—-3km at 120-130km heights is possible for the horizontal wind

balanced by their ambipolar diffusion and C'V =

velocity about 50-150m/s or greater (H,. oc1/ W ). In case of small changes in the total electron content
(TEC) in lower thermosphere, the Es type layer peak density N, /N, (N, «<1/H,. ) can be increased by
order of magnitude (for H, (t =t,) =10km).

During west-southward wind the condition of C(z =z,) =0 occurs in ion divergence (C'<0) region
(see Figure 1), where the ions upward drift velocity —C V sing>0 (Z > Z;), caused by the wind velocity

west component U, =V sing >0, is equal to their downward drift —C,V cosp >0 (Z<1Z), caused by the
wind southward component U, =V cosp<0. In this case wind direction angle is
@, =90° +arctang(C, /C,) =@, _s. For the horizontal wind west-east direction with ¢ =127° at the
IDDP z,(p=127°) =127km and C(z=12,)=0. In this case, different from wind opposite east-north

direction @ =307° (z,(p=307°)~127km), at the height of about 127km the ion/electron density
divergence occurs, equation (9), and their upstream and downstream flow from this region increases. When
ICDP is z, =112km the electron convergence in the thin dense layer is possible during the downstream
flow (C>0), shown by equation (10), and the formed Es type layer can be localized below ICDP regions with
C'(z)V - +0, C(z)V —> +0, (w; > —0). Here +0 and -0 denote negligibly small positive and negative

values, respectively. The condition C'—>0, C — 0 means that, for given direction of the wind, the values
of (CY/C,,)<<1, C<<1 are decreased.

The ion/electron wind induced upstream flow (z >127km) from region with C(z=12,)=0 (see
Figure 1) makes their diffusive displacement to the upper height quicker than in case of absence of wind.

(2) The ion downward drift (VC>0) at ICDP, caused by horizontal wind (VC, cosp+VC, sing >0), in

addition to its west-southward direction, also occurs for northward (¢ = 0), north-west and westward winds

(see Figurel). In these cases the ion convergence into a thin layer and correspondingly sporadic E formation,
descending towards lower regions identified by C'(z)V — +0, C(z)V — +0, are expected. For different

directions of horizontal wind, when 307° <¢ <360° (270° +arctang(x(z =z,)/sinl) <o <360°,
Z,=12.=1, ), the ICDP z. is located above the point where C=0 (z, > z,) and correspondingly the
convergence layer should descent and locate at z, height region, equation (9).
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(3) When 285° <9 <307° (285 <p<270°+arctang(x(z=12,)/sinl)), then ICDPs are located
below the region with C=0 (127km<z<140km) and the convergence layer should have a tendency of
upwelling to this region (w; =0). Here for ¢ =285 the condition C=0 occurs at about 140km, where ion
diffusive displacement for H,. <5km exceeds their convergence caused by wind with velocities 50-150m/s
and formation of high density (N, /N, >1) thin (H,. <5km) layer during ions upward flux (C<0) is

expectable to about 140 km. For horizontal wind direction 260° < ¢ < 285°, the region with condition C=0
located at z>140km, where C'(z)V — +0, C(z)V — -0 for 140-150km heights, the formation of

convergence layer with smaller density is expected, compared to the wind direction with 285° < ¢ <307°.

Note, that in these cases (CV<0), with increase of wind velocity, significant increase in the convergence
layer is not expected, therefore the increase of upward drift of this layer to the region with C'(z)V — +0,

C(z)V — -0 (w; — +0) occurs.

(4) During southward wind (¢ =180°) the divergence factor C'<0, equation (7), and in the region of

heights 100-140km divergence processes of electron density are expected, equation (9). If the influence of
southward component of wind velocity V cos@<Oon ions wupward drift is dominant, (

90° +arctang(x(z)/sin1) <@ <270° ; , (-VC, cosp-VC, sing>0), then formation of their high

density convergence layer (N, /N, >1) is less expected. Here it is important to note, that the

development of above mentioned ion convergence or/and divergence processes also depend on its initial
layer location with respect to the points z_, z, and z, .

The winds with directions ¢ =105",127°,285°,307°, for which

C(p=105",285";z ~140km) =0and C(p=127°,307°;z~127km) =0, correspond to the considered
regions (45°+2° N, 45°+2° E; 1=61° £2°) and can be estimated similarly by equations (2, 3) and (7) for the
other midlatitude regions.

The details of the above described possibility of the electron density height profile behavior N_ (z,t) under

the influence of horizontal homogeneous wind, Es type dense thin layer formation for its relatively main
directions and the development of divergence processes will be shown using numerical solution of equation
(6) [ 20, 21, 22].

3. Results and discussion
By numerical solution of equation (6) we will demonstrate the normalized electron density height

profile N,(h,t)/N_,, behavior at lower thermosphere 90-150km height regions. For predominantly main

directions of the horizontal wind for which we theoretically show a possibility of Es layer formation
(equation (9)) at fixed height (with C=0), its downward and upward motions to the region with C=0 or those
where ion convergence positive factor (C' >0 ) vanishes. Considering wind direction for which ions drift

factor C(z=2_,) =0 and additional eight directions ( north, north-west, ..., east-north), their influence on
development of ion/electron divergence processes (when C'<0) is also seen.

At the first step, when C(z = Zc,d) =0, we show that the influence of homogeneous horizontal wind
on N,(h,t)/N_, behavior and Es layer formation is important at V=50m/s. In this case we assume

relatively wide layer of heavy metalic ions at initial time H, (t=t,) =16km when small changes in

electron/ion density are expected due to their ambipolar diffusion at the absence of wind. For the lower
thermosphere with dominant Fe+ ions the values of H,. =8—16km, which is used in suggested simulations,

is close to the value of K(T,+T,)/ Mg [19]. Note, that for some midlatitude lower thermosphere regions
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the horizontal wind velocity of about 50m/s corresponds to the maximal values of mean seasonal meridional
and zonal winds, because its high value is 100m/s or even higher [ 23,24,25].

Figure 2 presents the behavior of the normalized height profile of electron density N, (h,t)/ N, in the mid-
latitude lower thermosphere in case of absence of wind (V=0) for its initial distribution peak height (a)
Z,, =142km, (b) z,, =127km, (c) z,, =112km and (d) z,,, =97km, and during presence of horizontal

wind with V=50m/s directed (a n-w), (b n-w), (c n-w), (d n-w) to east-northward (¢ =307°, z.  =2,)
and (a w-s), (b w-s), (c w-s), (d w-s) to west-southward (¢ =127°, z,, s =Z,), respectively.

Figure 2 shows the possibility of electron convergence into a dense thin layer, N, /N, >1 and
H, (t>t)<H,.(t=t,), (Figures 2a e-n, 2b e-n, 2c e-n, 2b w-e and 2c w-e ). It also shows that their

density divergence (N, /N, <1) dominates (Figure 2a w-s) and development of these processes is
negligible (Figures 2d e-n and 2d w-s ) under the influence of horizontal homogeneous wind, for various
locations of the initial electron density N,(z,t=t,) peak height (z,, =142km, z,, =127km,

Z,, =112km and z,,, = 97km- Figures 2a-2d) at 90-150km height regions of the lower thermosphere. Here
we demonstrate the electron convergence/divergence processes under the influence of the east-north directed
@ =307°wind (middle panels), C(¢ =307°,z =2, ~127km) =0 and z, ~112km (see Figure 1), as well
as its opposite west-south directed wind ¢ =127° (right panels), C(¢=127°,z=12, ~127km)=0 and
z, =112km (see Figure 1). In case of absence of wind (V=0), for t-t,<0.4h, changes in electron density
N.(z,t)/N,, are smaller due to ambipolar diffusion of ions (Figures 2b, 2c and 2d), while they are
noticeable (Figure 2a) only at upper location of its layer (z,, =142km). When z,, =z, =12, =127km
(where C=0,C'>0 and w,; =0), electrons converge into higher density (N,,/N,, >1) thin layer

(convergence instability), under the influence of east-north directed =307° wind, occurring at
z~127km (Figure 2b e-n), which is expected from equation (9). When peak height of the initial electron
density z,, is located above 127 km (zom=142km), where C (z>127km) <O, their convergence layer
descends to z, =z, =127km (C=0). When z, is located at IDDP z, ~112km (Figure 2c), then the
electron convergence layer for z>112km moves upward (C<0) to the height region of z, =1z, =127km.
However, when z. is located below z, ~112km (z,, =97km, Figure 2d), then their downward flux from
divergence region and smaller values in ion ambipolar diffusion do not change its density significantly
(Figure 2d e-n).

Divergence and convergence processes developed during the west-south directed wind, ¢ =127° at
the  IDDP 2,(p=127")=2_(p=307") =127km (C=0 and C'<0) and ICDP
2.(p=127°) =7,(p=307") =112km (C>0 and C'>0) (see Figure 1) influence electron density behavior
(Figure 2, right panels). In this case when zom>127km (zom=142km -Figure 2a), the electron upstream flow is
dominant, C(p=127°,2>127km) <0 (see Figure 1), and its density decreases (N, / N,, <1, Figure 2a

w-s). When z,n=127 km (Figure 2b), a part of electron density initial layer (z>127km) vanishes by their
upstream flow, C(¢ =127°,z >127km) <0, and ion ambipolar diffusion increses, but downward moving

electrons for height of z<127km is converged (N,,/N,, >1) at z, ®112km and below (Figure 2b w-s).
The development of electron convergence into thin dense layer (N, /N, >1), which probably move
downward (C >0) to the region with C —+0,C'— +0, is more noticeable (N,, /N, >1.5) for
Z,, =112km. The development of electrons convergence at z, =112km for its initial layer lower location
of z,,, =97km is less noticeable (N, / N, =1) in this case of V=50m/s.
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Figure 2. The behavior of the normalized height profile of electron density N, (h,t)/N,, in the mid-
latitude lower thermosphere in case of absence of wind (V=0) for its initial distribution peak height (a)
Z,, =142km, (b) z,,=127km, (c¢) z,,=112km and (d) z,,=97km, and during presence of

horizontal wind with V=50m/s directed (a n-w), (b n-w), (¢ n-w), (d n-w) to east-northward (¢ =307°,
Ze n =2Z,) and (a w-s), (b w-s), (c w-s), (d w-s) to west-southward (¢ =127°, z,, s = Z,), respectively.
Yellow and blue dashed lines correspond to the heights of ICDPs: z. ,(¢=307°)~127km and
Zyy s (@=127°)=112km and IDDPs: Zz, ,(p=307°)~112km and z,, ((p=127°)~127km,

respectively.
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Figure 2 also shows the possibility of Es type layer formation and development of divergence
processes of electrons density as well as in the lower thermosphere, under the influence of considered
horizontal wind (V=50m/s) for t-t,<0.4h, which agrees with its behavior described by equation (9).

Relatively quick formation ( Gglt 8;: o« —-CVa)

e

oc C'V') of high density Es type layer, its vertical motion (

and tendency to saturation in its location, where C=0 and C'>0 or VC — 0,VC'— +0, should be more
noticeable for greater values of the horizontal wind velocity.

We will consider electron density Ne(z,t) behavior for eight main directions of the horizontal wind (V): north
(p=0,z, ~121km) north-west (¢ =45z, ~118km,z, =140km), west (¢ =90°, 2z, ~116km,
z, ~131km), west-south (@ =135°,z, ~112km, z, ~126km), south (¢ =180°,z, ~121km), south-
east (¢ =225",2, ~140km,z, ~118km), east (¢ =270°,z, =116km,z, ~131km) and east-north (

@ =315",z, ~126km, z, ~112km). For brevity the initial peak height of electron density is assumed at

Zom=120km. For this case the most charachtristics of the Es type layer formation and also its
motion/localization to regions with C=0 and C'>0 or VC — 0,VC'— +0 , should be revealed. In order to

have more profound diffusive effect in formation of sporadic E, relatively narrow initial electron density
layer with H,. =8km will be considered.

Figure 3 presents the behavior of the normalized electron density height profile N, (h,t)/ N, in

the mid-latitude lower thermosphere in case of horizontal wind with V=100 m/s directed to (n) north - ¢=0, (
n-w) north-west - ¢=45°, (w) west - 9=90° , (w-s) west-south - ¢p=135°, (s) south - ¢=180°, (s-e) south-east -
¢=225° (e), east - ¢=270°, (e-n) east-north - @=315°. The ion distribution characteristic scale at initial time,
equation (9), is H,.(t =t,) =8km. Here for the Es type layers the peak densities (at z=2z, or h=h_) and

thicknesses at t-to=1.5h are: N,(z,, =108km, ¢ =0)/N_, =5, H, =1.58km;
N,(z, =99%m, , ¢=45")/N_, ~6.2,H, ~1.26km;

N, (z,, =98km, »=90")/N,,, = 6.5 H, =1.25km;

N.(z,, =100km, ¢ =135°)/N_, =3.7,H,. ~1.6km;

N,(z,, =137km,t—t, =0.7h,p=270°)/N,,, =1.2, H,, =5.6km;

N, (z, =124km, ¢ =315")/N_, ~ 4.3, H,. ~1.5km.

Figure 3 shows that the formation of Es type dense (N,.(z,t—t, =1.5h)/N_, =1.2—-6,5) thin (

H,. ~1.2-5.6km) layer occurs under the influence of horizontal wind with velocity 100m/s for its north

(panel n), north-west (panel n-w), west (panel w), west-south (panel w-s) and east-north (panel e-n)

directions. In cases of wind directions with ¢ =0, ¢ =45°, ¢ =90° and ¢ =135", the Es type layer

descend (C>0) to the regions with VC — +0,vC'— +0 (Figure 1), where Zz (¢ =0)~108km,

z,(p=45")=9%m, z_ (¢=90°)~98km and z,(p=135")~100km (Figures 3n, 3n-w, 3w and 3w-
s), while for east-north directed (¢ = 315" ) wind it is formed at
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Figure 3. The behavior of the normalized electron density height profile N_(h,t)/ N, in the mid-latitude

lower thermosphere in case of horizontal wind with V=100 m/s directed to (n) north - ¢=0, ( n-w) north-
west - =45°, (w) west - 9=90° , (w-s) west-south - ¢=135°, (s) south - ¢=180°, (s-e) south-east - ¢=225° (e),
east - p=270°, (e-n) east-north - ¢=315°.
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z,(p=315") =z, ~124km, C(z=12,)=0. Here the lower location of the peak heights of Es type layer
corresponds to the regions with C — +0 (w, —» —0),C'—>+0 which occur at the lowest heights for

westward wind (see Figure 1).
During the east-northward wind ¢ =315° the upward motion of Es type layer is also noticeable to

its location at z, =~124km (Figure 3e-n) for t-t,<1h (similar to the one shown in Figure 2c e-n). In this case

the ion characteristic scale H, (t—t, =1h) ~1.3km corresponds to the minimal thickness of the Es layer,

which is balanced by ambipolar diffusion of ions at z, ~124km region,with about H,_ = (2D, /VC')V 2

Figure 3e shows that during eastward wind (¢ = 270°) with velocity V=100m/s the ions/electrons
drift upward (Cv<0) and the convergence layer
N,(z=z,,t—t, =0.7h,p=270")/N,, =1.2,H,. =5.6km) formed in upper heights (z, =137km) is
comparatively wider than the one in cases of other directions of wind noted above (Figures 3n, 3n-w, 3w
and 3w-s) where their drift was downward (CV>0). The formed convergence layer for time of t-to>0.8h

vanishes (C'—>+0 , C — —0 ) to about 150km heights. In this case a decrease in C' at the upper heights is
also accompanied with an increase of ambipolar diffusion displacement rate, which causes the convergence

layer with H,. =5.6km to vanish at z>137km (H, = (2Da /VC')V ? ). The formation of the Es type layer
and its localization to the height regions with C=0 (w,=0) and C>0 , or VC —+0 and

VC(z) >0 (w; — 0) are expectable relatively faster at greater horizontal wind velocity (V).

Figure 4 presents the behavior of the normalized electron density height profile N_(h,t)/ N, inthe
mid-latitude lower thermosphere in case of horizontal wind with V=150 m/s directed to (n) north - ¢=0, (n-
w) north-west - ¢=45° , (w) west - 9=90° , (w-s) west-south - ¢=135°, (s) south - ¢=180°, (s-€) south-east -
0=225° (e), east - =270° (e-n) east-north - ¢=315°. Here for the Es type layers the peak densities and
thicknesses ~ at  t-to=1.5h are: N,(z, =108km, ¢ =0)/N_, =5.7, H,, =1.4km;
N,(z, =97km, p=45")/N,, ~6.8,H,. #1.18km; N,.(z,, ~95k, ¢ =90°)/N,, ~6.8, H,. ~1.18km;
N, (z, =~98km, ¢ =135")/N,, ~ 4.1, H, ~1.4km;

N, (z, =143m, ¢ =270°)/N,, ~1.3,H,. #5.2km; N (z=z2,,9=315")/N,, =5.3, H,. ~1.26km.

Figure 4 shows that the formation of Es type layer under the influence of horizontal wind with V=150m/s
occurs similarly but faster for its north (Figure 4n), north-west (Figure 4n-w), west (Figure 4w), west-south
(Figure 4w-s) and east-north (Figure 4e-n) directions, than for wind velocity V=100m/s (Figure 3). The rates

of  formation and descend to the regions with VC(z) ->+0,VC —+0 [z, (¢ =0)~108km,
2, (p=45")=97km, z (p=90°)~95km and
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Figure 4. Same as Figure 3 but for the horizontal wind velocity V=150m/s are applied.
than those for the same directions of the wind velocity VV=100m/s (see Figure 3 ). In these cases 1.5-time
increase rate in electron densities is accompanied by about 1.5-time decrease in time of their descend to their

final location to the regions with VC(z) — +0, VC — 40, where changes in their relatively small
increased peak density and descent (than that of the for V=100m/s) vanish.
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z,,(p=135") ~ 98km] of comparatively high density (N, (z,t—t, =1.5h)/ N, ~1.3-6.8) and thin Es

layers (H,, = 0.9—-5.2km) are about 1.5 times greater ( aa'\le azt”‘ o« —CV ).

« C'V,

Note that small increase in Es type layer density in these locations at the bottom of the lower
thermosphere can also be balanced or reduced by its decrease due to ion/electron recombination oc N 92 [16,

26]. The latter can be included in equation (6) and correspondingly in the suggested theoretical model
simulations.

Relatively big increase in the peak electron density occurs during increase in the east-north directed (
¢ =315") wind (Figure 4e-n). In this case 1.5-time increase in the wind velocity causes about 1.5 times

quicker localization of the convergence layer to the region z, ~124km,C(z ~124km, ¢ =315°)=0,

where its peak density increases (about™ \/\7 ) and correspoding thickness (about H,, oc1/ W ) is smaller

(Figure 3e-n and Figure 4e-n). For the greater values in opposite west-south directed (¢ =135") wind
velocity V=150m/s, the electrons downstream flow is more noticeable (C>0) from IDDP
z,(p=135") ~126km, which converges into Es type layer below ICDP z (¢ =135") ~112km, at height

Z,,(p =135") = 98km where VC(z) —+0 (w; ——0), VC —+0.

Figure 4e shows that increase in the eastward wind velocity up to 150m/s correspondingly increases
the charge particles vertical flow and high ambipolar diffusion in the upper heights gives less value in

ion/electron convergence layer density N, (z, =143m, ¢=270")/N,, =1.3 ( H =5.2km) with

2, (p=270") ~139%m formed in relatively short time (oc1/V), than in the case of smaller VV=100m/s

(Figure 3e). In this case the time of electron convergence layer existence is also shorter than that for smaller
horizontal wind velocity (Figure 3). During greater horizontal wind velocity the electron convergence rate

(C'v>0) and their vertical drift (CV<0) to the upper regions where c'v < 2D, /H2, equation (9), C'—0
and C — —0 causes relatively quick damping of its convergence layer than during V=100m/s (Figure 3e).

In case of wind direction 270° < ¢ <285’ the ion/electron convergence layer formation above 140
km with H._~ (2D, /C'Vv)°* is similar to the one demonstrated on Figure 4e. The Es type layer formation
and localization at height about 115-140km, where C=0, occur similarly to those shown in Figure 4 E-N
during the other east-west directed wind (e.g., for wind direction with ¢ = 285", ¢ =325° and ¢ = 345°,
is demonstrated on Figure S1). In this heigh region, in addition to wind velocity, the Es layer peak density
also increases with decrease (oc 1/ \/Fa) in ion ambipolar diffusion coefficients.

Figures 4s and 4s-e also show that the divergence of ion/electron from z, (¢ =180°) ~121kmand

z(p= 255°) ~ 140km regions happens faster under the influence of greater winds (V=150m/s) directed to

south and south-east, than in case of its relatively smaller value of V=100m/s. In the presented simulation,
the structural data of the lower thermosphere are used from NRLMSISE-00 model, for midlatitude 45°+2°N,
45°+2° E and 1=61°+2° regions in spring of 1998, between Solar maximum and minimum phases. Similarly,
the results are extendable for other mid-latitude regions of the northern or
southern hemispheres, for various directions and values of the horizontal wind.

So, we have shown theoretically and correspondingly numerically, that in the main observable
heights of about 95-150km [4, 5] of the mid-latitude lower thermosphere the formation of sporadic E is
possible during homogeneous horizontal wind. Besides Es layer formation in this region, its other observable
features are also revealed.

The formation of Es type layer is expected more frequently during dominance of northward or
westward components of the wind velocity (C>0) at heights below 120 km (Figures 3 and 4), which is the
observed phenomenon [5]. The descent of the Es type layer, which is an observable phenomenon [3, 4, 5],
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occurs in most cases of its formation under the influence of horizontal homogeneous wind, equation (9),
(Figures 3n-3w-s and Figures 4n-4w-s). In these cases an increase in the electron density in the regions of
95km-110km also can cause higher loss rate of the molecular ion (e.g., NO+) [26], and the long-lived
metallic ions become dominant, which is also observed [27, 28]. In the framework of suggested theory
seasonal variations in Es layers occurence are expectable [3, 5, 8, 29] determined by ion/electron density
changes, as well as its regional peculiarities caused by geomagnetic declination changes and wind field
variations for given midlatitude regions.

Note that for higher wind velocities, which are observable mostly at 100km-120km heights [24],
they should have some vertical components [30], which also influences ion vertical drift velocity [16, 17]. In
this case, in addition to northward or/and westward wind componentl, its downward component can cause
ions additional downward flux and correspondingly Es layer shift to the bottom of the lower thermosphere at
90-100km height regions, which can be developed in the framework of the suggested theory. Since the Es
layers could be formed by zonal or northward component of wind velocity, they could be observed more
frequently at mid-latitudes, than in equatoial (|1 ~ Q) and polar (1 ~90°) regions (3-5).

So, according to the presented theoretical mechanism, many observational properties of the mid-
latitude Es layer formation and location can be determined by horizontal wind direction and value. This
mechanism does not exclude the additional influence of wind with vertical (oV /oz = 0) or horizontal shear

on ion convergence and formation of sporadic E [17, 31, 32, 33]. In the lower thermpsphere the horizontal
wind velocity V can be determined by the sum V =V, +V,,(z t), where V, is homogeneous velocity and

V,, (z t) is varying perturbation caused by atmospheric waves, tidal motion or shear instability [5, 15, 17].
Here atmospheric waves or tidal wind, in addition to background horizontal wind (V, ), could also lead the
ion/electron  additional convergence (when CoV/0z=CdV,/0z>0) or divergence (when

CoV/0z=CdV,/0z>0) in the regions of polarization changes of perturbed velocity V,, (z t). Wave

induced convergence/divergence processes of charge particles could amplify or weaken the ones caused by
ov,, )
oz
equation (6), for vertical wavelength about 20-60km and with amplitude of about 50-100m/s, could be of the
same order as the convergence caused by homogeneous horizontal wind (oc C'V, ) with velocity 50-150m/s
at the ICDP (Figure 1). Depending on the wavelength and amplitude of perturbed wind velocity, the
additional convergence of ions at height regions, where it changes the polarization, and formation of multi-
layered sporadic E are also possible [17]. In these cases, it is also important to take into account the influence
of neutrals wind velocity direction and vertical changes of ions drift velocity, like the one in the presented
theoretical model for homogeneous wind, and makes more predictable the behavior of ion/electron density in
the lower thermosphere, thus the formation of sporadic E, its dynamics and location region [9, 10].

background horizontal wind (V,). Such wave induced convergence of charged particles (oc C

4, Conclusions

Theoretically and by corresponding numerical simulations it has been shown that the formation and
localization of sporadic E (ES) layer in its mainly observable mid-latitude lower thermosphere heights of
about 95-150km can be determined by homogeneous horizontal wind velocity direction and value. In this
theory, differently from 'windshear' theory, the wind direction and value, in addition to geomagnetic field
and vertically changing ion-neutral collision frequency, determine the minimal negative value of the heavy
metallic ions (Fe+) drift velocity divergence, which in turn causes ion convergence into Es type horizontal
thin layer. In the upper heights of the lower thermosphere, the Es layer peak density and thickness, in
addition to the wind direction and values, are also controlled by ambipolar diffusion. Here, the decrease of
the ambipolar diffusion coefficient produces increase of the Es layer density caused by horizontal wind.

It has been shown that in the lower thermosphere of the northern hemisphere, the Es layer caused by
horizontal homogeneous wind can be located at height regions where (1) the ions vertical drift velocity is
zero and its divergence is negative (east-northward wind), (2) the ions drift downward (northward and
westward wind), which occurs more frequently, or (3) the ions drift upward (eastward wind), and their
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negative divergences vanish, and (4) in the case of dominance of southward wind the divergence of ion drift
velocity is positive consequently ion density divergence occurs and Es type layer formation is not
expectable. These ion/electron convergence/divergence processes faster for greater values in the horizontal
homogeneous wind. In this case the speed of Es layer vertical motion to its expectable location is also faster
for greater values of the horizontal wind velocity.

The importance and possibility of development of the suggested theory of sporadic E layer formation
in case of horizontal wind with vertical shear has been noted.
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U3mMomeo E (Es) g9bols 3m®m3oMmgds g0mazs0mgzsbo
3mOH0BmbGHs®o Jodols Foge

- 353J0830¢00, 3. EOEIOIX0dY, 3. OMPYS
69bomdg

09nOO0MEo s dgbsdsdolo MHoEbzomo gedmmzwgdom bsbgzgbgdos, GMI  gEsdofol Lodwyswm
29690900L 5GHIMLBIOHML Jggs MIMHINLRIO™Io LdmGsweo E (Es)ggbol gm®domgds s @m3zswmobsgos
99L0dgdg0s gobolsbEzmml gMmAZ5MM360 JoMol LboBJs®ol FodsHMgdom ©s LoOEOm. "JoMol
§ob53330900L" (windshear theory) mgm®oologsb goblbbgsgzgdom, 999mmsgsHgdwe mgm@0sdo JoMol boowyg
5 80056000905, 49MB0a60EHWO 39 msb s LETsol obg30m (33esE 0Mb-670EHModOL oK sbgdOL
LObJoMYLMB OO, FobloBPZMOgL 8d0dg TgBowwmo 0mbgdol (Fe+) Mgoxzol Lobdsol ©039Mag6E00L
90600356 mobymgzgomo 3609369wmdsl, GMmdgwos, mezol dbMog, 0fj3g3L 0mbgdol Jowswo bodzgzmogol Es
3030l 3000 89bs 363969630k, 39 9MHIMLBIOML Bgs Lodsmwggdolmgol Es g3gboli 3030l
Lodsmeg s5939 3MBEGHOMEEYds 0MmbgBdOL $8BOZME GO ORMBOO.

P&0wmgmol bsbgzsdliggmml Jggos 0gMdmbggOhmdo 3mMmobmbEIWOHo gMmy35MMm35b0 JoGom
2399mfiggmamo Es g9bs 9gladangdgeos emzseobgl Mga0mbgddo Loog (1) ombgdol mgogol Lokdstg
Byaos s dolo ©o39MRIbE0s IMYMa30m0s (50BMbsgwgo-PMHOWMgmMOL Js60), (2) 0mbgdo MHgonmdIb
d399mo (BOOomgmol s @iLEgwgool Jo®o), MHmIgwog MBG®m bdoMos, b6 (3) ombgdo MH7oxMdI6
B99mm @5 FomM0 OMYMBOMO ©039MRBE0s JMgds s (4) LETBOHYMOL JoMol EMT0boMmGdOLLL 0Mmbgdol
©Mg0x30L  LoBJsMol  ©039MAg6E0s  IIOOMOY, d9L50590Ls©,  SYOO  5d3b  dsmo  LodzzHogzol
0396963056 s ES  Bodol  8gbol  3m®doMgds  s60s  Imbogmbgmwo.  JoMol  LoBdsMol oo
360083690 mdgdolbmzol Madm LHMsxos Es ggboll gm®mBoMgds s ¢m3sEos H9a0mbgddo, ool Mgogol
boBdo®g bmawos 96 JMgds. 89bodbmeros  898mmsg35Hgd o mgmMool  459myggbgds  39MGH03OXES©
3M59MH 3503560 JoGobmgzol.

dopmuposanue cnopaandeckoro E (Es) ciios1 moa Bo3aercreuemM
OTHOPOJAHOI'0 TOPU3OHTAJBLHOIO BeTpa

I'.'T. JanaxkumBuiau, I'.I'. Inxedyaunaze, M.M. Toaya

Pe3rome

Teoperuuecky, a TaKKe COOTBETCTBYIOLIMM YHWCICHHBIM MOJCIHPOBAaHHUEM IIOKA3aHO, 4YTO
oOpa3oBaHue u JoKanu3anus cropagindeckoro E (ES) cros B cpeiHOIIMPOTHON HIKHEH TepMocdepe 3emitu
(rme oHM B OCHOBHOM HaOJIOZAa€MbI) BO3MOXHO OMNPEIENUTh C TOMOIIBI0 BEIUYWHBI M HAIPaBICHUS
TOPU30HTAJIBHOTO BeTpa. B MpemiokenHo# Teopur, B OTIMYMK OT Teopuu "BeTpoBoro casura” (windshear
theory), B omomHeHNH K T€OMarHUTHOMY TOJIEO U BEPTUKAJIBHO MEHSIOLICHCS YacTOTE CTOJIKHOBEHUSI HOHOB
C HEeWTpaJbHBIMM YaCTHUIIAMH, HaIlpaBIEHHE ¥ BEIUYMHA TOPH3OHTAILHOTO BETPA OMPENEISIOT
MUHUMAJIbHOE OTPUIIATENIFHOE 3HAYEHNE TUBEPTreHIINH CKOPOCTH JApeiida TsHKENbIX METATHYeCKUX MOHOB
(Fe+), uro, B cBOIO OuYepe/ib, BEI3BIBACT MX KOHBEPIEHIIMIO B TOPU3OHTANIBHBINA Y3KHH M IUIOTHBIN ES cioii. B
3TOM ciIy4ae, B BEpXHHX BBICOTaX HHM3KOH TepMocdepbl BbICOTa MaKCUMaJIbHOHM IJIOTHOCTH ES ciost Takxke
KOHTPOJIUPYETCS aMOUTIOSAPHOM quddy3uei.

B ummxuelr Ttepmocdepe ceBepHOro mnomymapus, ES cnoil, BO3HMKIIMK 1OJ BO3AECHCTBHEM
OJHOPOAHOTO TOPU30HTAIBHOTO BETPA, JIOKAIM3YETCs B pernoHax, rie (1) ckopocTs BEpTHKAIBLHOTO Apeiida
WOHOB paBHA HYJIO (BOCTOYHO-CEBEPHBIN BeTep), (2) HOHBI ApeiyIOT HIKE (CEBEPHBIN M 3allaIHbIH BETPHI),
4yro ObIBaeT Oosiee wacto, wiu (3) HOHBI JpelidyroT BBepX (BOCTOYHBIM BeTep) U WX OTpHLATEIbHAS
IUBEPTEHIMA HcYe3aeT U (4) B cilyyae NMPEBOCXOJACTBA IOKHOTO BETpa, OUBEPTEHUMS Ipelida CKOpOCTH
nojoxurensHa u gopmuposanue ES cios He oxupaercs. @opmuposanue ES cios u ero jokanusaunus B
OKHJIaeMOM DErHMOHE IPOUCXOAUT OblcTpee uis OoibIIUMX cKopocTell Berpa. OTMeueHa BO3MOXHOCTb
MIPUMEHEHUS NPEeJIaraéMoi TEOpUH JUIsl BEpTUKAIBHOTO HEOAHOPOAHOIO BETPA.
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