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Abstract. The presence of planetary scale motion characteristic variations in the Earth's
upper atmosphere is shown in the intensities of the nightglow mesopause hydroxyl OH(8-3)
band, the lower thermosphere oxygen green OI 557.7nm line and the ionosphere F2 region
red OI 630.0 nm line, observed from Abastumani(41.75N, 42.82E). There is demonstrated the
simultaneous observation for the mentioned intensities characterized by vertical propagation
of 4-8 hour tidal motions, which are considered as the manifestation of the lower and upper
atmosphere-ionosphere F2 layer dynamical coupling in the Caucasus region.

It is shown that in the considered cases, for terdiurnal tidal motions, is possible to estimate
the wavelength of the vertical propagation, which is equal to the distance between luminous
layers (about 130-150 km) or its multiple values (65-75, 32-37 km). The profile of the
electron content is necessary to reveal smaller wavelengths.

1. Introduction

Tidal motions are mainly planetary scale dynamical processes [2] and play an essential
role in the climatology of the mesosphere and thermosphere regions of the Earth's
atmosphere [3, 4]. The main source of the thermal tidal motions is the periodical absorption
of the Solar electromagnetic radiation by Earth's surface and atmosphere during daily
rotation of the planet. In the upper atmosphere, such thermal tidal movements can be
characterized by periods of 24 and 12 hours [2], and also with a low periods of 4-8 hours [12].
Tidal motions are important processes for the dynamical coupling between lower and upper
atmosphere under various helio-geophysical conditions in the given region of the globe. The
interest of this kind investigations increases in the last decade [1, 6, 8, 11].

The dynamical coupling between lower and upper atmosphere is shown in the
mesosphere-thermosphere-ionosphere interaction and the simultaneous observations and
monitoring on the airglow intensities for mentioned atmosphere regions are important to
study the development of this processes.

In this paper the nightly variations of the intensities of the mesosphere hydroxyl
OH(8-3) band (maximum luminous layer about 87 km), the lower thermosphere green OI
557.7 nm line (maximum luminous layer about 95 km) and the ionosphere F2 region red OI
630.0 nm line (with maximum luminous layer about 230-280 km) are considered, where the
4-8 hours period tidal characteristic changes occurs simultaneously. Mention phenomenon
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will be considered as a manifestation of importance of the tidal motions in the lower and
upper atmosphere-ionosphere dynamical coupling processes. Its investigation is important to
manifest the characteristic parameters of the tidal motions in the (Caucasus) region, which
source could be as at the near Earth surface as well in situ generation in the atmosphere.
2. Tidal variations in the hydroxyl OH band, the green 557.7 nm and the red 630.0 nm line
nightglow intensities

The systematic simultaneous photometrical observations of the nightglow intensities
of the mesosphere hydroxyl OH bands, the lower thermosphere green OI 557.7 nm line and
the ionosphere F2 region red OI 630.0 nm line are carrying out in Abastumani Astrophysical
Observatory from 1957 year. These data is important to investigate dynamical and structural
processes in the Caucasus region of the upper atmosphere during different helio-geophysical
conditions [3, 4]. The brightest object of the nightglow spectrum of these observations is
hydroxyl OH(8-3) band, which is mainly emitted from the coolest region of the atmosphere -
mesopause. Main process for OH(8-3) band excitation is the reaction Os+H=OH+QO: and its
volume emission rate g, [10]

gon < [HIIO,] (1)
where [Os] and [H] are densities of the Os ozone molecule and the A atoms of hydrogen in
the emitted region of the mesosphere. These parameters change during the seasons and
during the night as well. They are sensitive to vertical flux changes of neutral components in
the mesosphere and lower thermosphere, which can be induced by tidal motions.

The source of the upper atmosphere tidal motions sometimes is in the lower
atmosphere and it propagates to the lower thermosphere and the ionosphere F2 region [7].
The nightglow intensity of the green 557.7 nm line (O('S) —2“™™ ,(*'D)) in the lower
thermosphere is also sensitive on mention atmospheric disturbances. The green line in the
lower thermosphere is excited during the Barth two step mechanism [9] and its volume
emission rate g,

5577 ¢ [OT (2)

where [O] is atomic oxygen density. Atomic Oxygen O, eq.1, Ozone O and Hydrogen atom
H, eq.2, are small components of the atmosphere and their changes significantly could be
modulated by atmospheric tidal motions. Their changes are mutually coupled. For example
the relative part of ozone increases during increase of vertical flux which in turn increases
luminosity of hydroxyl OH(8-3) band (eq.1). Also, the green line intensity decreases caused
by decreasing in the relative part of atomic oxygen density in the same region. The picture is
vice versa when the stream is downward - the increase in the green line intensity is
accompanying with decreasing in the hydroxyl OH bands intensity. This phenomenon
occurs in most seasons of the year and gives additional information on characteristic periods
of tidal motions and on their vertical distribution as well.

We are using the nightly behavior of the red OI 630.0 nm line intensity emitted from
the ionosphere F2 region beside the green 557.7 nm line and hydroxyl OH(8-3) band
intensities to illustrate the propagation of the tidal motions to the heights of mentioned
region. The volume emission rate of the red line intensity &gz [3]
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[O,1(h)Ne(h, t)
Ee6300 ¢ d (3)
1+-B
Ao
here /O:/(h) is the height distribution of the density of oxygen molecules and Ne(h,t) is the
time varying height profile of the F2 layer electron density, dpis the rate of the collisional
deactivation of O(D) atoms with the dominant neutrals (O, Nz, O2) [5] in the same region.
Note, that the electron density /Ne behavior is sufficiently determined by vertical motion of
the neutrals and also on changes in horizontal wind velocity [3] which in turn is
characteristic for tidal motions and comparatively less noticeable for the hydroxyl OH bands
and the green line intensities, eq.1-2.

The tidal motions and its horizontal and vertical velocities and their vertical
propagation can be described by the following equation [2]:
S 2 2
Vg =(U,W)-e?" .co —”t——”z+w (4)
T A,
here Uand W are the horizontal and vertical component of tidal velocity, respectively; ¢ is
time (in hours) and 7 corresponds to period of tidal motion which is 4-8 hour (the terdiurnal
type tides) in our case; z=hA-hois the difference between actual and some initial height and #

is the atmospheric scale height; A, is the vertical wavelength and ' corresponds to some
initial phase of tidal velocity.
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The night behavior of the Hydroxyl OH(8-3) band (panels c), Ol 557.7 nm line (panels b) and red OI 630.0
nm line (panels a) observed column intensities from Abastumani (41.75N, 42.82E) for 2-3 September 1989
(Figure 1) and 13-14 January 1991 (Figure 2).

The Figures 1 and 2 shows an existence of the 4-8 hour periods tidal type disturbances
in the mesosphere-thermosphere regions and their propagation to the ionosphere F2 region
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heights. The Figure 1 and 2 corresponds to different phase of development of the same kind
of tidal motions.

The propagated disturbance in the ionosphere corresponds to decrease of neutral
wind vertical component ( W), eq. (4), or increase of northward wind () phase on the Figure
1. Another plot (Figure 2) shows the similar process in case of 4 hour dallying of phase, when
electron density /Ne is decreased during the vertical downward neutral wind (W<0) or
increase in northward wind velocity (U>0) in the ionosphere F2 region which corresponds
the downward flux in the lower thermosphere (the intensity of the green line increases and
hydroxyl intensity decreases).

Note, that the demonstrated observations correspond to geomagnetically quiet
conditions (the values of daily Ap index 8 and 12 corresponds to demonstrated observation
for 02-03 September of 1989 and 13-14 January of 1991) and other planetary scale
disturbances then tidal motions are less supposed.

3. Conclusion

The existence of the planetary scale characteristic motions in the Earth’s upper
atmosphere by the mesopause region hydroxyl OH(8-3) band, the lower thermosphere green
OI 557.7 nm line and the ionosphere F2 region OI 630.0 nm line intensities observed from
Abastumani, has been shown. There was demonstrated the simultaneous observation for the
mentioned intensities characterized by vertical propagation of 4-8 hour tidal motions during
the geomagnetically quiet conditions, which are considered as the manifestation of coupling
between the lower and upper atmosphere in the Caucasus region. The wavelength of the
terdiurnal motion vertical distribution could be equal to the distance between 557.7 nm and
630.0 nm lines luminous layers (about 130-150 km) or its multiple values (65-75, 32-37 km)
in the considered cases. The source of these tidal motions could be at the Earth surface or in
situ generated in the lower and upper atmosphere.
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BrifBnenue suHaMMCYeCKO# CBA3M MeXAY HIDKHel TepMmocdepoit u
noHocdepHoii F2 o61acTaMu ¢ IOMOIIBIO IPHJIMBHOTO ABIKEHHUA Haf,
AGactymaHu

Hurours I'ygazgse, Iogepasu I. /Jugebyruzse, I'mopra 1. /[ xaBaxuurBurmn
Pesrome

[To naGmomenusm u3 AGactymanu (41.75N, 42.82E) WHTEHCUBHOCTH U3Iy4YeHUS
COOGCTBEHHOTO CBeYeHHS HOYHOTO Heba, B wyacTHOCTH, mojockl rugpoxcwia OH(8-3) us
obacTu Me3omayssl, IMHUI aToMHoro kucaopoza OI 557.7 am u3 HivkHe# Tepmocdepst u Ol
630. Oum u3 moHochepHoit F2 o6iacTy, BHIABIEHBI XapaKTepHbIe BapHAIIMU IBIDKEHUS
IIJITaHETapHBIX MAcCIITaboB B BepxHei aTMocdepe 3eMIIH.

[TpomemoHCTpUpOBaHBl  [JaHHBIE  OJHOBPEMEHHBIX  HAONIOZEHWM  yKasaHHBIX
MHTEHCUBHOCTEH, C XapaKTePHBIMM IPUIMBHBIMH [JBIDKEHUAMM U BEpPTUKAJIbHBIM
pacIpocTpaHeHHeM IIPOAOJDKUTENIBHOCTHIO 4-8 4acoB, UTO paccMaTpHBaeTCsa KaK IPOsABIeHHE
TVHAMUYeCKOH CBA3M MeXIy HIDKHeH UM BepxHell aTMocdepoii u noHocdepoir B KaBkazckom
peruoHe.

[ToxasaHo, YTO B pacCMaTpHBaeMbIX CIydasx, [Jis IPWJINBHBIX ABIKEHUN (C IEePUOZOM
OKOJIO 8 dYacoB), BO3MOXXHO OIIEHUTH [JIMHY BOJIHBI BEPTHKAJIBHOIO PAaCIPOCTPAaHEHUS
IPWIWBHOTO [BIDKEHUs, KOTOpas IPUOIM3UTEIBHO pPaBHA PACCTOAHUIO MEXIY CIOAMHU
manydenus (mpubnausurensro 130-150 xm) mnu ux yactHeIM BenuduHaM (65-75, 32-37 xm).
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