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Abstract.Generation of large-scale zonal flows by the small-scale electromagnetic Rossby-

t, 2 University str, 0186

the pump waves contain wave numbers and frequendes of larger values in comparison to unstable

20nalflows, this problem is in-between two dasses of different scales of oscillations. Therefore

muliscale expansion method can also be used Note that in comparison to sheared mean flow, unstable

z0nalflows have a complex spatio-temporal shearing pat

tem. The sheared mean flow occurs on

transport time-scales, while unstable zonal flows may occur on turbulent time-scales. Scales of mean
sheared flowand unstable zonal flow are macroscopic and mesoscopic, respectively.

L that mean

gh source of g

consuming processes and greatly impact the transfer processes in the atmosphere. This evidence

stimulated great amountof work on

e problem of ULF EM Rossby-khantadze type planetary wave

interaction with shear zonal flow in the Earth's ionospheric ayers.

In this investigation we are goingto study the influence of mean shear flow on the excitation process of

z0nal flow by the EM Rossby-Khant

Khantadze wave turbulence in the weakly ionized ionospheric E- and F-layers under the action

ofthe mean shear wind is investigated fom one fame of mind. The latitudinal inhomogeneiy
the Earth’s angular velocity, geomagnetic field.and mean flow is taken into account It is shown

that such 2 system is unstable to 2 three-wave parametic instabilt. wherebs coherent

iping Rossby- of modes and associated
S s emd il 6011 oo T et Shcetic ool oramied
The influence of the existence of charged particles through the Hall's and Pedersen’s
conductivities on such dynamic equations is tudied in detail The destabilizing role of mean
shear flow is shown.

1. Introduction

Zonalf
the planets’ atmos ph in the Earth's g
terms, zonal flows mean

(egin
and in
along the planet

changeable directions, east-west or west-east. With further qualifications we could say that zonal flows.

are bounded to zones (bands) of latitude. Generally, these flows are sheared, varying both the flow
speed and direction many times from the equator to pale.

Zonal flows are often decomposed into mean and deviation from the mean, where the averaging can be
done in either space or time. Stationary existing shear 20nal flows described above we will call the mean

shear flow. Existence of
explained by instabilty of the p
i s b s  fows posible, They

appear througha , where the energy

The turbulent

of 2. nital set of equations

2 wave turbulence.

We consider the lar planetary "

in the Earth's weakly g

and F-layers consisting of electrons, lons and neutral partides. The dynamics of such ionospheric

medium s detemined by

e bulk of the neutral component due to the inequality

N<<1, where n

and N are the concentrations of the charged and neutral particles, respectively. Contribution of the

charged particles in t
b

‘e dynamics of such weakly lonized gas Is determined on the whole by strong

the neutral one. Khantadze was first

een

predicting the existence of large-scale EM perturbations in the middle-latitude ionosphere They are

generated by the latitudinal gradient of
electricfield E.

propagate along the ltiude with the velocity |

vp % By, where vy, = Ex B, /B}is an electron drift velogty. Such €l

the geomagneticfield and represent the variation of the vortical

waves

~2-20kmjs. Frequency (@ and the phase

velocity c; depend on the density of the charged particles and therefore vary by one order of

magnitude during the dayime and nighttime conditions. This mode has relatively high frequency of (

10%-10%)

“with the wavelength ~10° km and longer. Such EM planetary waves are accompanied
by the strong pulsations of megmmgne ic field 20-80 nT. Further investigations have shown that

Rossby waves can be coupled with !
nonlinear vortical

structures. ULF pl

We introduce the local Cartesian system of coordinates (x, ¥,=

a layers.

where the x-axis has the west-east

direction (longitudinal direction) the  -axis has the south-north direction (atitudinal direction), and =

‘axs coinddes with the local upward vertical direction. We consider the basic properties of the 20 EM

Rossby type planetary waves under the action of shear zonal flow in the Earth’s ionos phere on the (x,

0 variation. Thus as the initial

,.0)and &/6

and

tolarger )by
y. Thus, the arise entirely by i

in such pr gy tansfer Rey by the wave stresses. Since :
¥) plane with the horizontal velodty v(v
equations of the problem set we wil use
corresponding incompressibility condition
AN vvw=-2.1 820k,
vor=0,

1
E o L+ eaixe [

Inthe lonosspheric E-region, where @, >> i, and @ lons are viscously coupled to neutrals

and

hrough colisions,
to jxepgives rise o the whistlers and
fonospheric plasma dynamics. But in F-region, where a,,

waves which
v and @, >>v,,the Pedersen current
proportional to ., becomes dominant and ionospheric plasma dynamics s mainly diffusive (connected
with Joule’s dissipation). Due to the high mobility of the electrons along the magnetic feld ines the

parallel conductivityof the plasmais high. This condition serves to shor tcut the electric field E along

the magnetic field B and imposes avanishing fieldaligned electrc current jg = 0. The latterin tum
n rather simple expression of £9. (7)

S+ s |-+ xB ®)
ves
B ©
, 7 j=- 4Bl and the approximations
-0, from g, (3) we get
(0)

“Thus Egs. (5) and (10) compose intial equations with respect to v and B, and describe Rossby-
and F-reglons. Depending on the
Tosatisfy x-and y-

this dferent
components of . (5) we willfollow so called “traditional approximation” for Rossby waves considering
i addition we wil consider the magnetic field

not too smalllatitudes such thatignoring

polarization b(0,0, b; = h)and 20 turbulent state with (vs,vy,0) and &/ &= 0. Then for the vorticity we

where ; 2y
“The main goal igation s to reveal shear zonal wind ofeM
Rossby-khan tadze waves. To this end we represent the x.component of the velocity as v, = v, + vo(3),

where the shear zonal flow velocity vo(y) depends on the latitudinal coordinate . Then from Egs. (5),
(10) we get the following system of initial equations for the problem set

BT

)

£3

(12)

‘Averaging (14],and (15) over
forzonal flow motions:

of equations

INCRICIV)

(2]

(2s)

h=D e (366, 7) =0

Here (..)represensthe average over fastoscllatons.

Difference of Egs. (14),(15) and (24], 25) gives the following appropriate equations for the small-scale

fluctuations and the mean sheared fio

8
o

26)

DA+ J@. =TGR =%, i’hﬁf

27

The presented system of Egs. (24]-(27)is the ini u-\ 5a\ulequitmnx describing the excitation process of

in additon
scale Ly Lisof

the zona fow, 50 that

Lo imk (28)

Here k s the wave number of EM Rossby-Khantadze wave turbulence.

Now we represent ./ e

o= ..

29)

‘Accordingto the published investigations , the maximum growth rate is attained when the wave number
of EM Rossby-Khantadze turbulence k., = 0, i.e. when such waves are propagating in the parallels

directionwith k, = 0. Then we represent.

o= By = (30)
6. =) 1)

Hly)e® =4 (v)e™ @2
Fy= HER 0 g 5, =)
A )

vand consists only of perturbed velocises.

the stream function o

+J(0..0)+v

@ & "
B I S T )

Is thelatitudinal variation of the Coriols parameter 7'

Analogously the value.

&-8a/éyab/x is the Jacabianand 4.

(23)

(14)

(1)

s the 2D Laplacian. The

(15)

), which we call Rossby parameter (62].

7

variation of

Ba(y),and

(18)

s

represents the Hall's conducivity

contribution in the magneticinduction equation (17). The value

Induction equation (15). Note that

thesystem (14), (15) s valid for

, and Flayers under

boundary conditions atinfinity. Then we obtain the following expression from Egs. (14) and (15]

2222 iy —Dl(V h diy,
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7

220
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Here Qs the frequency of zonal flow mode, and the pair (.0 ) represents the frequency of EM

Rossby-khantadze waves and itsside-bands, respectively. Accordingly, the following relations forthe
energy and momentum conservations @, = 0% @ and k. = ge, £k are fulflled, and the pairs
of theEM

(0,K) and (€ ge,) reprasent the requency pump and

Zonal-flow mod Iy. The amplitudes (2, d constant,within the local

approximation.

substitution of Eqs. (30)-(35) into Eqs. [24), (25Jgives the following system of equations for zonal flow
amplitudes

(36)

0 @7)

of equations for th

ik, ”J 38)
N O @)
ot
K, B -k, 0, (40)
)k, o @
&

In this equations v
the EM Rossby-khar

dvy(y)/d
ze z0nal flow generation under the action of mean sheared fow.

- The obtained system of £9s. (36) - (41) describes the dynamics of

Toset 10 Qwe rewnite the syst inthe
falowing form:
2
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Inthe absence of the mean shear flow (v, = 0], we can representé, .61/ k| &%, to getthe

maximum growth rate defined as

o'--kig'L,, (50)
Where , = 2[o['i the intensiy of pumping EM Rossby Khantadze waves, This expression colncdes
with the d InQ>0)ifthe

ampitude s bove the corresponding threshod.

dict

Earth's

where v isthe velocit tyof

Fotation, p= N3 the mediurm. Act

Qyis the ang

Corols force and magneticforce
ol e, @l
Caao

where jis the total electriccurrent density, 4 s the permeabiliy of free space, and B= By +b(s.5:2 9

s g focal companents

B0, 3. B), with the modulus 3
of the Zisthel
geomagneticfield are

eaaa, o
o+ 35 1, where B =035.107Ts the equatorial value
fud

@)
dipole

Earth's center.
magnetc field inpowers of /£ <<1. Due to the conditions ¥-By

where is

0, 7By =0, we assume the
& to be fulflled. The Earth's rotation angularvelocity in

Felations By /2y = ~TBes /=, By /o= B

the local system of coordinates ©=(0, 0, 0.
for the problem set
&v=0 and 60, /y =0.

= (0, 0 cos ., Oy sin ) where 0, =73 x10% " In

inhomogeneous, i.e. 25,

From Eq. (1) It s seen thatthe acting ol h
of the large to the
are generated

's rotation 0.

the ang y

-V

3 y
J= ¥ xBliyinto Eq. (1) we find the following vorticity equation

X gon+rng- 7(5 V}TXB——KTKB B+ QO T)v-(v- 720 5)

To detemine the magnetic induction Bin Eq. 3] we 3pply to the generalized Ohm's law of the
followingform

ioaixes = ey(ep ), ©

where eg = BB denotes the unit vector along the magnetic nduction B, a; = Ze3; mls the fon
frequency, v, =vy + 1y, fthe sum of

=B,
electron-ion and electron-neutral colision frequencies, vis the on-neutral collsion frequency, nis the
number density of charged particles, The quantity E'= E«vxB=E +E, is the electic feld in netral
wind moving frame, E s the Earth's rotational frame electrc feld, and E = vx Bls dynamo feld.
Dynamo field E, appearance has general character that reflecting the relationship between electric
fields in moving frame with velogy v and immovable frame.

Eq. (6] can be written as

Is the total energy of EM Rossby and v, = divy/ the shear zonal
flow over the y - coordinate
we Coriol inthe total energetic

balance (20). As o the role of the Pedersen’s conductiviy It promotes decreasing of the energy due to
the arsen Inductive (magnetic) inhibition (see the second term hand side of €q. (20)). But
the existence of zonal flow can increase the medium's energy of perturbations from the sheared flow by’

= -y, (see the irst term on the right hand side of

the correlation with the Reynolds stress ¢/ &x3e

€0, (20)) Indeed, let us consider a region in which do  dy  perturbation zonal velocity vsis

postive whenever v, i negative the source term will be positive and the electromagnetic energy of

wave field willtend to increase, because the luid element’is coming from a region where shear
omentum v is arger than where it arrives. Finally mean shear wil be flattened with a consequent

increase In wave energy. This s so called barotropic Instabiity. Thus, the existence of shear zonal flow
can be considered as the presence of an external energy source. It is seen from q. (20) that the steady
state saturation can be reached at

D s

(22)

So, further increase of the intensity o shearflow action can start the energy accumulation inside the
medium.

3. Dynamics of zonal flow generation by mean sheared flow

We will consider the nonlinear Egs. (14) and (15} to find the possibilty of zonal flow generation by
£M Rossby - Khantadze planetary waves in the ionospheric E -, and F-layers under the action of mean
shear flow. The nonlinear Jacobian terms n these equations allow us to Consider three - wave

parametric nteraction, in which the coupling between the pump EM planetary waves and side - band
45.Since the zonal flow varies

modes generates low -frequency large - scale modes, 50 called zonal iow

on a much longer time scale than the comparatively small - scale EMplanetary waves under
derat can use a mulgpl

gap separating the large - and small sca\ewmhons”\'esudymeﬂandarﬂ‘hrﬁe wave nonlinear

interaction, in which the coupling between the pump

X = i) modes drivesk I

they -axis.
p we represent 3 = component Jras a sum of
d largescale s e

9=9+6, h=h+h (23)
where(::x.y), and (tx.y) are small and (t.) |
flow perturbations.

4. Condusion

Inthis st tion of flows by the smalscale tadie wave

turbulence inthe wesly fonized fonospheric E-and - ayer is considered, and the ole of the mean

tral h tigated. To thisend, the

problem (see Eq. (49)) with respect to the frequency of zonal flow mode s set. The problem
represents the system of six equations of the third order differential equations (see Eqs. (42) — (47)) with
the zonal flow along.
Al with

66,6 hhh

the parallels and by the mean neutralshe
positive imaginary part correspond to the intabilty. The investigation wascarried out for the folowing,
profile of the mean shear flow.

respectto

Vol

Vianh (q,3). (s1)

where g,characterizes the length scale of the mean flow, Le. L,/ ;

monochromatic pumping Rossby-Khantadze waves can drive 3 band of modes and associated zonal flow
and magnetic fleld generation. Destabillzing role of the mean shear flow revealed, namelytwas shown,
that: (a) when -0 zeroand

increases with the growth of k, ; b) parametric growth rate also increases with the growth of the

the

udels] (0 ampltudesof
il withtheInceaseof the ampitude growth ate tens o 2er; () th nstabilty hs the hrshold

starting with the appearance of smallscale structures at the small values of the pumping amplitudes

The lattudinal ch'sangular d meanflowis taken
into account.The influence of the exstence of charged particis though the Hal's nd pedersen's

studied in detal. Using the g Ohm'slawinthe
form (5)we succeeded 1 consider the problem et from one frame of mind, o the obtained result are
validfo the tonospheric £ and F-levels, .. for 0 - 00 km heights. Diferences in fevels contan the
parameter D (see Eq. (19)), e.g. for the E-layer D = (0.6x10° =1 9x10°) m?
D= (3x10%+1.7x10%) m?
the nsabilty

s while for the Flayer

5. Thus, we can conclude that increaseaf heghts causes attenuation of

Energy of the EM Rossby-Khantadze waves i the sum of kinetic energy of particles and the energy in the.
£.(20)) ® carry most significant

information on the evolution of the Rossby-Kkhantadze waves. €q. (20) represents the dynamics of the
total energy (21) which1s balanced by sources and sinks of energy given by the combination of shear
flow and conductivities on the ight hand side of the equation. Hall conductivity and Corolis parameter
has zero coniributon in the total energeticbalance (20). As to the Pedersen’s conductiviy itinvolves
the appeared

But the shear '

decreasing of the g

by the
Reynold stress —v. v,
an increase accumulated in the waves energy leading to the barotropic instabilty. Steady state
saturation can be reached at the condition (22).

Acknowledgements. The carried outinvestigation is supported through the grant No. 04/01 of 2017
Joint Callof Shota Rustaveli National Science Foundation of Georgia and the Scientific and Technological
Research Councl of Turkey (TUBITAK).



