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N SOME ASPECIS OF CEMERAL CIRCULATION AND TIDES IN THE MIDDLE ATHOSPHERE

A. I. lvanoveky

State Committee of Hydroneteorology snd
. Control of the Natural Environcent
Hoscow, USSR
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. sron 80 km altitude upvards, a change in the character of mean zonal

‘ cirevlrtion compared vith stratospheric and wesospheric circulation has been

ctserved Ly many investigators. Firstly, in radio meteor sounding data {roo an

everage level near 95 ¥m in middle lstitudes, & seni-annual wind varistion vas

. found. While in the main seasont (suzwer and winter) o vesterly vind is
observed here, in the interscasonal pericds the vind veakens sharply or even

! reverses into easterly vicd. The circulation {eatures of the meteor zome have

been discussed in detsil in the monograph by PORTNYAGIR and SPREAGER (1978).

The receatly available possibilitics to obtzin vertical profiles of the wind

froa radio meteor data in the altitude range §0-110 kn have shown that the

{eatures of anpual variation at 49 ks reflect a sign reversal of the circulation

near 100 ka. While below 80 kn a vesterly circulation is found in winter, and

an casterly circulation in su==er, above 100 km the circulation is casterly in

vinter and vesterly in si==er. This can be clearly scen in Figure 1, taken from

the sonograph by KORIN end CAIGEROV (1981). The fact of this circulation

reversal in itself vas not surprising, since it had been wentioned in many

papers and wonofraphs. lowever, it is surprising inassuch as in none of the

theoretical models (ceBes SCAOFBERL and STROEEL, 1978; CLUSHAKOV et al., 1979

DICKINSON et ale, 1977) this circalation revereal was obtained.

1y winds at altitudes above 200 kn, detemined fron
radiovave incoherent scatter data, again shoved a normal cousoon circulation, as

seen in Figure 2 (EMERY, 1978). Thus, cne nay come to the conclusion that
between 100 and 200 km, possibly ncaret to 100 kn, a layer ol ancmalous circula-

tion must be situated, at least in piddle latitudes.

Analysis of wean dai

B T R e I )

v

pechaniens which are responsible for the circulation

: The understanding of
be of extraordinsry interest aod

: o “anonaly" in this neight region sppears to
importance. Obviously, one had to take into account cechanisze vhich are
usually not considered in hydrodynamics. Let us write the equstion of notion

° taking into account the presence of a charged component of the atoospheric £as,

the pregcnce of the Earth's pagnetic field, end tho existence of the clectric
potential tield (DGRUGHAEV, 1959; CLUSHAKOV, 1975): -
21091 = = i ¢ 2138 a)
ev for hydrodynanics, viz., the current

f hydrodynanic

der conditions

The appearance of 2 quantity which is n
density, ) requires additional equations to cloge the system ©
equations. Usually this can be done by vriting j in Oln's law un

of enisotropic conductivity due to the Earth's pmaguetic field:

j = e (2)

AL IR 1 3.8) & - cunductivity tensor
I
s is the electric field potential, the nature of which will be discussed belov,

and %(Cxﬁ] is the electric induction. For large-scale and rather slov

processcs (T > 1 hour), space charge may be considered as qun:i—slutionary.

i.eq,


https://core.ac.uk/display/10380148?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

N

A

S TP T

)

4 v————_—— o 2 o s
B A rab IR

e i ananin SRl

.

Ta

5;;{3-'-3-""‘“.\' S

‘.\A
LA
102
€
=
w
Q
o
s
o
<
Figure 1.
tudes.,

pm/S

Figure 2. Annu

Height=-season variation o
Solid curve-conputed dats, dashed curv

! L.
@ ¥ W W v X X XX ox

ec-experiment.

100 Y T \ T Y T Y
50+ -
. /\ /\ /
50t -
1970 1974
-100 ! 1 1 1 1 1 A 3
o] 100 200 300 O 100 200 X0

DAYS

al variation of prevailing wind at 300 kn sltitude over

Hill fron incoherent scatter deta

[
H

div j = 0
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clectric potential field, has shown t
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pears to close the system.

the ion frictiom, in th
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force, coinciding in its ecnse wvith the
Earth may be written im:

the effective rotation of the
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€ the prevailing ronal wind in widdle lati-

Millstone
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DOYUCHAEY (1959), negle?tsna the
hat the clectrodynsanic force, +13xB], can
e form of dry (Rayleigh) frictinn with

Al
. for zonal end —Lﬂ;{- for meridional components, and the

Coriolis force. so that
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Bere, u) is Pedersen conductivity, o is Mall conductivity, aad
2 - 2 2
Ro B: ¢ Bo

The o, value has 8 distinct maxinua at 110-120 km altitude, and a consider-
able diurmal variation., In daytime, according to some data, the sign of o'

in the 110~130 k= region can becoume opposite to the eign of we If this reversal
of the sign u' took place both in day and night, then, according to the geo-
strophic relation for large~scale slov prucesses, with the sign of pressure
gradient remaining unchanged, the wind sign would reverse in this altitude
region., This is the simplest hypothcsis to explain the circulation "anomaly".
But, unfortunately, what is most possible, the Coriolis forcc compensation takes
place far from alvays, and the "snomaly" level of 110-130 km is too high to
correapond to expericental facts.

Another hypothesis is connected with peculiarities of the solar UV heating
rate altitude profile (see Figure 3), As scen from this figure, the volume
hesting source decreases with altitude cverywhere except for the 90-105 k=
altitude region where it increases. This anowaly in the hcating source profile
dravs one's attention to an attcapt to erplain the circulation "ancmaly".

Loaaata

- s et

{ Figure 3. Vertical variation of UV heating tate‘in the
atmosphere for summer solstice conditions at differ-
ent latitudes,

8 (ar)

Wy (10°40)

Having written the system of hydrodynamic equations for a zonal case (with-
out longitudinal dependence) and represented viscosity and heat conduction terms
in the form of Rayleigh friction and Hewtonian cooling, by means of sub-
stitutions one can obtain the equation for pressvre latitudinal variations ac a
furction of height

2
i_n,‘.d_n_“v-l._l. 5’}1 ([.)
de dx YX dx

Vhere dx = %f, snd q is a volume UV radiation heating source.

X n2102 ug hY4

n is the Rayleigh friction coefficient, x is the Newtonian cooling coefficient,
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t, = 2, cther symbols are the standard ones. By substitution of p= Pe’”/z,
equation (4) is obtained in the form:

5’_21’._,,2-..1_:_1 x/2 dq 2
de ¢ YX ¢ dx + b

1
Z+I

In the <implified casc of absence of the Earth's influence. Green's function of
the left--hand side operator is equal to:

Glix,g) = %cxp(-blx-ﬁl)

Then the solutlon is written in the form:

P(x) = LY:_DL f (‘-blx-{" “!_/2 :,_l% ds,

For sufficiently large values of b, the integral kernel assumes the
character of & delta function, and P(x) will alter its sign together with the
alteration of the sign of %3. The sign alteration of the latter quantity, as
mentioned above, takes place in the 90~105 km altitude region, Together with
this, the circulation sign will naturally change, In the hypothesis suggested
the question of the value of b is very important. In order that this value is
adequately large, it is neceesary that the Rayleigh friction coefficient should
be nuch greater than the Hcwtonian cooling coefficient, The high level of
thermal stability aiso contributes to an increase of b. It is possible that the
large value of b is a specific quality of the nesosphere and thercosphere.
Obviously, the mechanism suggested at least partly explains the appearance of
the "anomaly" circulation near 100 kam.

However, one does not manage to explain the "anomaly” up to the 120-130 km
altitude by ceans of this mecheniem, and we will address again the equation
(1), taking into account the electric potential field.

Strenge as it may scem, the complex case of self-consistent calculation of
hydrodynamic characteristics jointly with the electric ficld for tidal waves hae
already been done by GLUSHAKOV et al, (1979, 1980, 1981), but the simpler case
of zonal stationary flow has not beecn examined. Let us £ill the gap by
precenting the results in this paper, in a simplified form only.

Integrating (3) ov}t z in infipite limits (in fact, in a thin ionospheric
layer) supposing that j vanishes outside the ionospheric layer, we obtain the
expression

3 slinO ’3—0 sing rjo dz = 0 _ (6)

.

It follows from this that sioa [:.in dz C, but the integral curre;t nust
oot flow over the Pole, becausc this would mean non-zcnality., Therefore, C
wust be zero, i.e,,

J ju dz = 0.
Expreseing j;, in terms of Om's law, taking into account zonality of the

problem, and making some siwplifications conditioned by numerical estimates for
altitudes less than 130 km, one can obtain

™
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50 = —E——c - cos@
T =X [ oudz;z, = d m
r Xl ) O S | 0 ¢z .

Here gecostrophic wind is determined by

v --L 13
T ca p 29

For E; = 30 m/s and BP = 0.5

- ny
E, 1.5 cos9 !

This electric field is adequate to influence strongly the wind, Noncomplex, but
expanded calculations yield the cxpressions

2 Ll =
U=y = ~— u (8)
r a + Jﬁf 1o 4
1 w
Ve o—O - Al 2 §
2 2 2 (Ur 1+ 1 j:==’-:=?) Ur)
1o TR Y o VI + 3y
lere, 1 = 2.' (o' - the Earth's effective rotation),
2 2
o, B o, B
ve -J—?fl- ; Al = 2 0o, 3 u = cos®
oc pc

Assume that U_ jncreases with height. Uy is the result of averaging Up
over height, with o,(z) as a weighting function having a pronounced maxioun
near 140 ka; eo thal U & U.(z = 140 kn). Appareatly, below this level, as
seen from (8), the sign of U and V may reverse with respect to Ur'

Let us now discuss the current state of tidal theory. Historically it has
develcped in a way that investigations wvere made independently in two altitude
regions: below 100 km, where diseipative forces are negligible and above 100

km,’ where these forces arc essential.

By 1970 the theory for the region below 100 kn was styrmarized in the mono-
graph of CHAPMAN and LINDZEN (1970). All calculations were based on tidal
energy sources connected with the solar UV radiation abeorption computed by
BUTLER and SMALL (1963). Though cxplaining many experimental facts, the theory
appeared to be incompetent to explain facts comnected vith semidiurnal tide
seasonal variations in mid~latitudes.

In the last decade, thcory of tidal seasonal variation has been frestly
developed, IVANOVSKY and SEMENOVSKY (1971) pointed out that for the mean zomal
circulation, different from the air shell rotation as a wvhole, the so-called

in the classic tidal theory depends in a complex way on the

Yequivalent depth"
It is inportant to emphasize that

seasonal variation of the circulation index.

the circulation character in the stratopause region (50 ko) influences the tidal

secasonal variations in the meteor zomne.

Further development of the theory was aiced at improvements of the
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numerical technique of solving linear equations, taking into account high-
latitude profilce of the background zonal wind asad temperature by means of the
perturbation method (LINDZEM, 1974; WALTERSCHEID et al., 1979, 1980)., These
calculations qualitatively confirmed the results of Ivanovsky and Semenovsky,
but did rot address solving the tidal seaconal variation problem.

A revision of calculations of t.dal energy sources and their scasonal
variations appeared to be extremely important in the theory (FORBES and GARRETT,
1978, 1979). The maximwm of the source appeared to be greater than that of
BUTLER and SMALL (1963), a2nd the altitude region of maximum values was narrower.
While in BUTLER and SMALL's (1963) esources the Hough wode (2,2) prevailed for
the new sources, in certain scasons, the modes (2,4) and (2,5) are cssential,

VWALTERSCHEID et al. (1980) made tidal calculations for a new source
alrcady. So it seemed that all the necessary work had been done to complete the
tidal seasonal veriation theory in the altitude region up to 100 km,

A paper by KAIDALOV (1979) disproved this opinion. Kaidalov drcw attention
to the fact that the perturbation method used by LINDZEN (1974) uand WALTERSCHEID
et al., (1979, 1980) is good for tidal modes which do not chonge their character
when propagating upward or being trapped. In contrast, the main modes of the
semidiurnal tide are on the becundary between propagating and trapped ones, being
trapped in one altitude region but propagating in others, the boundaries betwecn
these regions being dependent just on the height-latitude distribution of wean
zonal wind and temperature. Zero-order approximation in the perturbation
theory. not taking into account effects of background wind and temperature for
all approximations, defines the tidal waves character as trapped or propagating
and leads to inadmissibly large errors in the tide calculation. KAIDALOV (1979)
developed a numerical technique to solve the tidal model, taking into accouat
ceasonal variations of background wind and temperature without the short-comings
of the perturbation method.

Considering tides above 100 km, we will limit ourselves to a few problens
arieing here. In its most complete form, modelling of tidal variations in the
thermospherc is based on the equation of motion (1), Olm's law (2), the cquation
of quasistationary space charge (3), together with the equations of energy and
continuity. VUsually, all variations are exmined in linear approximation.
Dissipative forces are molecular and turbulent heat conductivity, and ion
friction. The contribution of molecular and turbulent friction is cstimated to
be insignificant, st least, up to the 200-250 km height.

In a majority of theorctical investigations the electric potential field is
excluded and, as & ruie, a torsional effect by the magnetic rotary force compen-
sating the Coriolis force is neglected. This means that, instead of self-
consistent examination, combining hydrodynamic equations with electrodynamic

cquations, 8 purely hydrodynamic approach is used (e.g., GARREIT and FORBES
(1978)).

Taking into account the clectric field and magnetic rotary force gencrates
a series of new cffects, Estimation of conclusions with regard to these
effects, using experimental data, permits one to evaluate more reasonably their
contribution to the tide formation in the thermosphere.

Partial or cven complete compeneation of the Coriolis force by the magnetic
rotary force at 110-130 km altitudes would result in the formatiou of sharp wind
maxiza at these altitudes. In numcrical experiments this maximum is well
pronounced, as it can be eeen in Figurc 4, taken from theoretical papers by
GLUSHAKOY et al., (1979, 1981). After excluding the magnetic rotary force the
effect vanishes. These wind maxima are also vell observed in luminous trail
experiments (ANDREEVA et al., 1981).
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Figure 4. Height-latitude cross-section of the amplitude of zonal (a) and
meridional (b) tidal wind diurnal compoment. In the 120 - 130 knm alti-
tude region at high 1atitudes tidal wind amplitude maxima are clearly

geen.

It is of interest to cornect the sporadic layer E_ gppearance with this
wind maxima. This is especially interesting as, according to the calculation,
the height of wind maximum increases from lower towards higher latitudes, as it
is observed for the height of the layer Es'

Calculations show that taking into account the clectric field may appear to
be essential in the tidal wind pattern at altitudes above 130-140 ko, This can
be seen from Figure 5. It should, however, be mentioned that the electric field
contribution in the tidal wind formation essentially depends on the electron
concentration model assumed. The increase of electric field contribution to the
tidal wind fqrmagign is caused by the fast increace with height of the electric
forces term %r [ExRB]. A sharp growth of the o,/p value with height begins
near 125-130 kn, and this quantity reaches approximately a constant value near
160180 km, Oa the other hand, the forces term connected quasi-linearly vith
the pressure gradient also increases with height, prevailing over the electric
force below 140 m, but being inferior to it at altitudes above 140 km.

Calculations by GLUSHAKOV et al. (1079, 1981) show that in the formation of
semidiurnal tidal winds in the region from 100 to 200 kn, tidal oscillations
propagating from the mesosphere prevail. These propagating oscillations
influence also the rather considerable variations of relative temperature at the
altitude near 110 km both for diurnal and, especially, for semidiurnal tides.
Estimations of the electric field contribution may be considered to be valid
only, if not only the thermodynamic paraneters, but also the calculated electric
field corresponds to direct measurements. Estimations of the electric field
connected with the dynemo-effect have been made from drift velocities of ions in
the ionospheric F, layer. In Figure 6 a comparison of the electric fields
calculated theorcgically and derived from drifts measurements according to data
of incohcrent radiowave scatter data (RICHMOND et al., 1980) is presented. It
shows qualitative siwmilarity of these fields.

Calculations made and their conparison with experiment rewmove a shadow of
ic field in the formatien

doubt about the considerable contribution of the electri
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and phase (b):
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Figure 6. Time-latitude variation of electric field, At the top:

at the bottom:

empirical model of RICHMOND et al. (1980).
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However, only first steps

ermospheric parsmeters.
¢fects, and further efforts

of tidal oscillations of th
tion of these new e

have been made in the investiga
are needed in this direction.
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