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Different long-term trends of the oxygen red 630.0 nm line nightglow
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Abstract. Long-term observations of total nightglow inten- beth and Roble, 1992; Bremer, 1998; Danilov and Mikhailov,
sity of the atomic oxygen red 630.0 nm line at Abastumani1999; Bremer and Berger, 2002; Bencze, 2005; Yue et al.,
(41.78 N, 42.82 E) in 1957-1993 and measurements of the 2006). The main cause of global warming in the troposphere
ionosphere F2 layer parameters from the Thilisi ionospherds thought to be an increase in the density of the greenhouse
station (41.65N, 44.7% E) in 1963-1986 have been ana- gases (Roble and Dickinson, 1989; Rishbeth, 1990; Rishbeth
lyzed. It is shown that a decrease in the long-term trend ofand Roble, 1992). Besides anthropogenic agents, variations
the mean annual red 630.0 nm line intensity from the pre-in the content of mineral dust aerosols and/or in the intensity
midnight value (+0.7781.045 R/year) to its minimum nega- of galactic cosmic rays which influence cloud covering in the
tive value (-1.080£0.670 R/year) at the midnight/after mid- troposphere have also been regarded as possible modulators
night is a possible result of the observed lowering of theof global warming (Marsh and Svensmark, 2000). Such envi-
peak height of the ionosphere F2 layer electron desify2 ronmental changes in the lower atmosphere are expected to
(—0.455t+0.343 km/year). A theoretical simulation is carried affect the upper atmosphere temperature, charged and neu-
out using a simple Chapman-type layer (damping in time) fortral particles densities, dynamics and the upper atmosphere-
the height distribution of the F2 layer electron density. Theionosphere coupling processes.

estimated values of the lowering in thenF2, the increase  Recently, different long-term trends have been found in
in the red line intensity at pre-midnight and its decrease afhe oxygen red 630.0 nm line total nightglow intensity emit-
midnight/after midnight are close to their observational ones,ted from the ionospheric F2 region (Gudadze et al., 2007)
when a negative trend in the total neutral density of the uppegfter astronomical twilight and at midnight/after midnight
atmosphere and an increase in the mean northward wind (a§y using photometrical observations made at Abastumani in
its possible consequence — a decrease in the southward ong957-1993. These phenomena are thought to be a possi-
are assumed. ble consequence of lowering the ionosphere F2 layer, which

Keywords. Atmospheric composition and structure (Air- Was observed at several ionosphere stations (Ulich and Tu-
glow and aurora) — lonosphere (lonosphere-atmosphere infinen, 1997; Bremer, 1998; Jarvis et al., 1998; Marin et
teractions; Mid-latitude ionosphere) al., 2001; Xu et al, 2004). The lowering in the ionosphere
F2 layer, was predicted by Roble and Dickinson (1989),
Rishbeth (1990), Rishbeth and Roble (1992) as the result
of cooling in the upper atmosphere which should accom-
pany global warming in the lower atmosphere. Later the

Search for long-term trends of the atmosphere/iono:sphergresence ofa pogltlve long-term _trendhnFZ was also de- .
tected for some ionosphere stations (Bremer, 1998; Marin

parameters is of vital importance for study of many solar- tal. 2001). A ding t it i hioi
terrestrial coupling processes. Long-term variations in thett & ). According to an alternative approach to in-

upper atmosphere/ionosphere parameters may be related E%rpretation. of the long-term ionospheric ”e'."ds .(called the
environmental (anthropogenic/natural) changes in the tropogeomagnetlc control concept (Danilov and Mikhailov, 1999;

sphere (Roble and Dickinson, 1989; Rishbeth, 1990; Rish Mikhailov, 2006, and references therein)), long-term varia-
tions in hnF2 are also controlled by geomagnetic activity
Correspondence td5. G. Didebulidze variations. The negative trends immF2 revealed by Bre-

(didebulidze@genao.org) mer (1998), Marin et al. (2001) for Western Europe (where
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the magnetic declinations are negative) and the positive onelayer parameters. The long-term trend of the annual mean
for Eastern European stations (where the magnetic declinavalue of the atomic oxygen red 630.0nm line total night-
tions are positive) can be related to the enhanced westwardlow intensity was observed at Abastumani in 1957-1993
thermospheric wind (Mikhailov, 2006). The recent results (Givishvili et al., 1996; Gudadze et al., 2007) and that of the
obtained by Emmert et al. (2004) show the presence of a sedenosphere F2 layer peak height at the Thilisi ionospheric
ular negative trend in the upper atmosphere neutral gas derstation in 1963-1986 (Bremer, 1998). Unlike Givishvili et
sity, which was independent of geomagnetic activity, localal. (1996), Gudadze et al. (2007) obtained another long-term
time, latitude and season. In spite of the observational evitrend at pre-midnight (after astronomical twilight) and mid-
dence for the decrease in the upper atmosphere neutral gagght/after midnight. Going on this investigation allows us
density (Keating et al., 2000; Emmert et al., 2004; Marcos etto compare the long-term trends of the ionosphere F2 layer
al., 2005), which is considered to be the result of cooling of parameters and the red line nightglow intensity obtained in
the upper atmosphere due to increase in the density of greerthese neighbouring places.

house gases in the lower atmosphere, there is still ongoing The main mechanism of excitation of mid-latitude oxygen

debate on whether anthropogenic or natural agents are crucia 1 6300y . _—
for determination of the trend of the ionosphere F2 regionfah)ms to théD state O('D ~— °Pz)during the nighttime

parameters (&stovika et al., 2006; Mikhailov, 2006). The Is dissociative recombmaﬂon_of}@ons (F|shkova,_1983;
; o o . L - Semeter et al., 1996; Didebulidze et al., 2002). This process
investigation of long-term variations in the red line intensity

. . i : . . along with collision deactivation of oxygen atoms @D)
can give us additional information for resolving this problem the neutral particles (O, O N) oceurring in this re-
because of their sensitivity to changes in physico-chemicaP.y P ' 2 9

processes in the upper atmosphere/ionosphere F regions. gion makes th_e 630 nm line intensit_y se_r_lsitive to _different
In the present study, the existence of different trends thello-geophysmal conditions (Megrelishvili, 1981; Fishkova,

. . . ~1983) including environmental changes in the lower atmo-
the annual mean value of the oxygen red line nightglow in- ) g 9

! A . i sphere. Long-term variations in the red line intensity are
ten§ ity observed at Abastumani (.41'7\5 42.82 E).'S ex related to many natural and anthropogenic processes. The
plained as the result of the negative trend of the ionospher

. . NeIG ariations in the solar ultraviolet radiation, geomagnetic ac-
F2'I.ay§r peak hEIthrTFZ observed over the ne|ghbour.|ng tivity and secular increase in the densities of the greenhouse
Thilisi ionosphere station (41.8Bl, 44.75 E). The theoreti- :
) . ases in the lower atmosphere affect on the upper atmosphere
cal interpretation of these phenomena as the result of the the

mosphere mean northward meridional wind velocityincreaseemperamre’ neutral and charged |_oart.|cle densities, dynam-
(or consequently the decrease in the southward componeni s in the ionosphere '.:2 regon, Whl(.:h n tgrn cause changes
is proposed. In this case an increase in the northward com, the red 630.0nm I!ne nightglow intensity. In this case,

o ; . there should be coupling between the long-term trends of the
ponfant of meridional Wmd forgesadownward plgsr_naflux 'n.ionosphere F2 layer parameters and the red line nightglow
the ionosphere F2 region, which causes the rapid increase i

. o . . W\tensity. In the following we will consider long-term vari-
the_lons (q) recomblngtlon rate at the lower heights of th|§ ations in these parameters for the two neighbouring places,
region and corresponding increase in the red 630.0 nm lin

. : I NSor which the ionosphere/thermosphere processes should be
volume emission rate (responsible for the positive trend N entical

its total nightglow intensity) at pre-midnight (after astronom- : L i
ical twilight). Such a quick damping of ions density givesits _ !N Fig. 1 variations in the annual mean value of the red
lower value in the red line emission layer at midnight and 830 nm line total nightglow intensitisso (in Rayleighs) (up-

corresponding lower value of the total nightglow intensity of P€" Panel), the ionosphere F2 layer peak hefgtf2 (mid-
this line (responsible for its negative trend). The simulationdl® Panel) and its electron densitymF2 (bottom panel)

will be done by use of a simple Chapman-type layer (damp-2€ plotted for t_hree diffe_rent pre-midnight periods (_21500—
— full line and circles, 22:00-23:00 LT — thin line

ing in time) for the ionosphere F2 region electron density tak-22:OO_LT : _ ) o
ing into account the meridional component of thermosphere?d diamonds and 23:00-24:00LT — dashed line and *x").

wind. A secular decrease in the ionosphere F2 region neutrdp2Servations were made at Abastumani in 1957-1993 and

density (Emmert et al., 2004) accompanying the mid-latitude PiliSi in 1963:1986' For both Abastumani and Thilisi, Lo-
meridional wind field changes is considered as well. cal Time (LT)=Universal Time+3h. The considered pre-
midnight (after astronomical twilight) time interval includes

the red line total nightglow intensitys3g observations for
any month of the year. The maximum of the ionosphere
F2 layer peak heightnF2 for Thilisi ionosonde data(tp://
www.ukssdc.ac.ulkvas calculated by the Shimazaki (1955)
The mid-latitude atomic oxygen red 630.0nm line is emit- €mpirical formula:

ted from the ionospheric F2 region and the emission layer

peak height is about 230-280km (Fishkova, 1983). The 1490

red line nightglow intensity depends on the ionosphere FAMF2 = M(TOQFZ — 176 @)

2 The ionosphere F2 layer and the red 630.0 nm line in-
tensity long-term trends
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Fig. 1. Variations of the annual mean value of the red 630 nm Fig. 2. Variation of the annual mean value of the red 630 nm line
line total nightglow intensity/g3g (upper panel), the ionosphere total nightglow intensitylg3q, the ionosphere F2 layer peak height
F2 layer peak heightmF2 (middle panel) and its electron den- hmF2 and its electron densitymF2 for three after midnight periods
sity NmF2 (bottom panel) for three different pre-midnight periods (00:00-01:00 LT — full line and circles, 01:00—-02:00 LT — thin line
(21:00-22:00 LT — full line and circles, 22:00-23:00 LT — thin line and diamonds and 02:00-03:00 LT — dashed line and “x”) observed
and diamonds and 23:00-24:00 LT — dashed line and “x”) observedat Abastumani in 1957—-1993 and Thilisi in 1963—-1986. Vertical
at Abastumani in 1957-1993 and Thilisi in 1963-1986. Vertical lines are one sigma error bars.

lines are one sigma error bars.

were made at Abastumaniin 1957-1993 and Thilisi in 1963—

where M (3000F2 is the propagation factor (the ratio of 1986.
the maximum usable frequency at a distance of 3000km to Figures 1 and 2 show dynamical coupling between the
foF2). In Fig. 1, instead of the ionosphere F2 layer critical ionosphere-thermosphere processes. The annual mean val-
frequencyfoF2, we have plotted for convenience the iono- ues ofhmF2 increase and those dfnF2 and red line in-
sphere F2 layer electron density peak vaNeF2. As dis-  tensity Ig30 decrease with time from pre-midnight to mid-
tinct from an early consideration by Givishvili et al. (1996), night/after midnight period. This is more noticeable at pre-
in Fig. 1 we have separated the pre-midnight time intervalmidnight when the electron density peak heigihtF2 up-
with comparatively quick variations in the mean annual redwelling motion to its maximum value at midnight occurs. At
line intensity /30 Which is also characterized by different midnight, when the ionosphere F2 region is more or less in
long-term trends (Gudadze et al., 2007). We have also sepaquilibrium, the difference between the long-term variations
rated a time interval after midnight in which the red line in- in the hmF2 and theNmF2 is smaller in three separate time
tensityIsz0 and the ionosphere F2 layer parameters are closéntervals after midnight than at pre-midnight. All these iono-
to equilibrium. sphere F2 region parameters are sensitive to solar variability.

In Fig. 2 variations in the annual mean value of the red From these figures we see an influence of the solar cycle on
630 nm line total nightglow intensitisso, the ionosphere F2  the long-term variations in the nightglow red line intensity
layer peak heighhmF2 and its electron densitMmF2 are  Ig30 and the ionosphere F2 laybmF2 andNmF2 parame-
plotted for three after midnight periods (00:00-01:00LT — ters. The amplitude of solar cyclic variations in the mean
full line and circles, 01:00-02:00 LT —thin line and diamonds annual red line intensity is greater at pre-midnight than at
and 02:00-03:00LT — dashed line and “x”). Observationsmidnight/after midnight (Fig. 1). It remains about the same

www.ann-geophys.net/26/2069/2008/ Ann. Geophys., 26, 2Z0883-2008
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at midnight/after midnight (Fig. 2). A similar difference is

N. B. Gudadze et al.: Different long-term trends of the oxygen red 630.0 nm

for the geomagnetic and solar indices which showed the

observed for the mean annual value of the ionosphere Fabove noted values of the correlation coefficient between

layer peak electron densitymF2 and its heighhnF2, but
it is more noticeable in the red line intensity variations.

the observationaKexp and theoreticak;;, values of the up-
per atmosphere-ionosphere paramédggy/hnmF2NnmF2 es-

To separate the solar and geomagnetic effects from théimated by the first method. Such estimations of these pa-

trend of the annual mean value of the red line intenhity;2
andNnF2, by analogy with Gudadze et al. (2007), we use the
following third-order regression equation

3 3 5
> 3 BRssen®
J=1k=1(j#k)
S$18283+C - Mag+ D - year.

3
Xin = A+ BP-Si+
i=1

()

rameters are considered to be fittings to their observational
values. So, Eq. (2) gives possibility to choose the first, sec-
ond or third order description of the theoretical values of the
Is30/hmF2NMF2 through the solar indices and the planetary
geomagnetic index.

The theoretical fitting is considered to be good for those
solar and geomagnetic indices, which for most nighttime in-
tervals (at least five from six considered hourly intervals in

Here X,;, corresponds to the mean annual theoretical valug-T 21:00-03:00) gives the highest correlation between the

of IgzghmF2NMF2; S;, S2 and S3 are the solar indices
(www.spacewx.con the Wolf numbeR/the solar Lyman-
a flux Lys/the solar radio fluxFig7 (observed)/the so-
lar EUV flux Ej07 (observed) (Tobiska et al., 2000);
BUBY. By, By, (B + By B3 + Bsl. By +
Bé?) and B® are the coefficients describing variation of
the solar indices of the first, second and third order, re-
spectively; Mag describes the contribution of the planetary
geomagnetic indices:A, or the sum of theK,(}" K,)
(www.ukssdc.ac.Uk A is the constantD is the linear regres-
sion coefficient, which corresponds to the long-term trend of
Is3g/hmF2NMF2. In the case of using the geomagnetig
index and its linear dependence on the only solar,f in-

dex Eq. (2) is the same as used by Bremer and Berger (200

for investigation of trend in the mesosphere LF phase-heighL

long-term observations.

We also estimate the value of the long-term trend as in
Bremer (1998). Assuming=0 in Eq. (2), the long-term
trend is estimated by the following expressions:

AX = Xexp— Xin 3)

(4)

where Xeyp is the observational annual monthly mean value
of Iszo/hmMF2NMF2; D1 is the linear regression coefficient,
which corresponds to the trend of the considered ionospher
F2 regions parameters.

We can estimate trend values Bgo/hmF2NmF2 by two
methods. First, itis an estimation trend valddrom Eq. (2),

)

AX = A1+ D1 -year

)

theoretical and observational values (3<8%0.87 for I30

and 0.94-0.95r<0.98-0.99 fohmF2 andNmF2) of the an-
nual hourly means of thégsg/hmF2NmF2 and the small-
est values of corresponding SD (16RBD<34 R for A 30,

6.4 km<SD<9.5km for AhmF2 and 0.126&10°cm™3 <
SD<0.236x10°cm~2 for ANF2) of AX (Eq. 3). Using
two or three solar indices in Eq. (2) for estimation of an-
nual hourly mean theoretical values of thgo/hmF2/NmF2
increases the correlation between these parameters and their
observational values in comparison with their description by
one solar index. For some nighttime intervals the correlation
coefficients between the theoretical and observational val-
ues of the red line nightglow intensifigzo(z) increased from

.74 t0 0.86 while using one, two and three solar indices. Us-
g two solar indices for the nighttime hourly mean value of
mF2 andNnF2 increases the correlation with its observed
values from 0.94-0.95 up to 0.98-0.99. These correlation
coefficients were also greater for most considered nighttime
intervals (at least five from six considered hourly intervals
in LT 21:00-03:00) for the mean annual values of the so-
lar and geomagnetic indices calculated by their daily values
for nights, when observations of the given upper atmosphere-
ionosphere F2 layer parameters were available. A good fit-
ting (with r and SD noted above) of the nighttime theoretical
values of theNmF2hmF2 to their observational ones occurs
for (i) the solar EUV fluxE1g7, the Lymane flux Ly, and

the geomagnetidpindices @A p, E, Ly), and (ii) the Lyman-

a flux Ly,, the Wolf numberR and the geomagnetisp in-
dices @Ap, R, Ly). The third-order description with the solar
indices 8®+£0), Eq. (2), of these ionosphere F2 layer pa-

as done by Gudadze et al. (2007). In this case we choose suechmeters does not give any important changes in the value of
combination of the solar and geomagnetic indices so that théhe trendD in comparison with the second-orde @ =0)

correlation coefficientr() betweenXey, and Xy, is compar-
atively high ¢>0.81 for Ig3p, r>0.94 forhmF2 andNmF2).
Second, it is an estimation trend vallg from Egs. (3) and
(4), whereX,;, corresponds to the theoretical values obtained
from Eq. (2), forD=0. In this case the geomagnetic and solar

description.

For the red line intensity, a good fitting of observational
data (0.8kr<0.87, 16 RcSD<34R) occurs for the third-
order regression Eq. (2) with the Wolf number R, the so-
lar radio flux F1g7, the Lymane flux Ly, the solar EUV

indices are chosen for a lower value in the standard deviatiofflux E107, the geomagnetiép indices and the sum of the

(or variance) ofAX. Note that the lower value in the stan-
dard deviation (SD) oA X (SD<34 R forA Igzo, SD<9.5km
for AhmF2 and SDBx0.236x 10° cm 3 for ANNF2) occurred

Ann. Geophys., 26, 2062080 2008

planetaryk , indices €K ) in the following combinations:
(ZK,, E, Ly, R), &K,, F, Ly, R), Ap, E, Ly, R) and
(Ap, F, Ly, R). Here a good fittingr&0.85, SDx33.9R)

www.ann-geophys.net/26/2069/2008/
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Table 1. Trends, mean correlation coefficient§betweenXexp and X, ), standard deviations (fok X) of the mean annual oxygen red
630.0 nm line nightglow intensiti3g observed at Abastumani (41%78; 42.82 E) in 1957-1993 and the ionosphere F2 layer peak electron
densityNmF2 and its heighhmF2 observed at Thilisi (41.65, 44.75 E) in 1963-1986 at pre-midnight and after midnight for different
solar and geomagnetic indices. The trend values are given with their errors at 95% confidence level.

Time interval Is30 hmF2 NnF2
LT
(Ap,E.Ly,R) (Ap,FLy.R) (Ap.ELy) (Ap,R.Ly) (Ap,E,Ly) (Ap,R.Ly)
trend, trend, r SD, trend, trend, r SD, km trend, trend, r SD,
Rlyear Rlyear R kmlyear kmlyear 10° cm—3/year 18 cm—3/year 16cm3

21:00-22:00| +0.780Qt1.047 +0.7641.043 0.85 33.9] —0.492£0.429 —0.465t0.439 0.95 8.1 | —0.0109t0.0132 —0.009A0.0132 0.97 0.236
(£Kp,E,Ly,R) (ZKp,FLy,R)
22:00-23:00| —0.271£0.925 -0.329£0.925 0.75 28.9] —0.505:0.474 —0.488:0.478 0.94 9.5 | —0.007G£0.0131 —-0.0067-0.0133 0.97 0.216
23:00-24:00| —0.826£0.645 —0.859t0.641 0.82 19.1) —0.444£0.348 —0.440t0.354 0.96 7.7 | —0.00310.0125 —0.00410.0131 0.98 0.207
00:00-01:00| —1.073t0.671 —1.084t0.668 0.81 18.1] —0.459t0.325 —0.448t0.334 0.97 6.7 | —0.0029:0.0092 —0.0039:0.0099 0.99 0.156
01:00-02:00| —0.948t0.539 —1.013t0.545 0.85 16.5| —0.437:0.332 —-0.441£0.337 0.97 6.4 | —0.0038:0.0091 —0.0047-0.0097 0.99 0.155
02:00-03:00| —0.814£0.584 —0.926£0.595 0.87 16.9] —0.465:0.430 —0.465:0.436 0.97 7.0 | —0.0029:0.0070 —0.0038:0.0080 0.99 0.126

of experimental values of the mean annual red line night-In the same nighttime interval the trend in the maximum
glow intensity for the planetary geomagne#ip indices oc-  electron densityNnF2 is also negative but insignificant
curs at 21:00-22:00 LT. In general, the red line intensity is((—0.00540:0.00986) 10° cm~3/year). The trend value in
more sensitive to variation in the sum of the planet@pyin- the critical frequencyoF2 (~NmF21/2) for the nighttime in-
dices £Kp). Taking into account the presence of planetaryterval (LT 21:00-03:00) is also negative and insignificant,
geomagnetic indicesAp or Kp) in the regression Eq. (2) which is not for brevity considered here.
we get greater correlation coefficient between observational Using Egs. (3) and (4) for the same solar and geomag-
and theoretical values for the mean annbiaF2 by up to  netic indices Ap, Ly,, E107 or Ap, Ly,, R) the daytime
2% and for the red line nightglow intensity by up to 5% (LT 10:00-14:00) trends are: —0.375:0.421 km/year
than in the case of the absence of these indices. In thign hnF2 (negative at 90% confidence level) and
case, for the nighttime interval considered the correlation(—0.0082:0.0260)x 10° cm~3/year in NmF2, negative
between the theoretical and observed values for the thirdput insignificant. ~The average day-night (LT 00:00—
order regression equation fégso with the solar indices in-  23:00) trends in mean annuainF2 and NnF2 are
creases by up to 12% and 5% as compared with the linear and 0.402+-0.319 km/year (negative at 98% confidence level)
second-order regression equations, respectively. The nonlirand (-0.00710.0157%10° cm—3/year (negative but in-
ear (third-order) dependence of the red line intensity on thesignificant), respectively. Note, that the same formalism of
solar indices, Eq. (2), may result from its dependence on thérend estimation of these parameters using the Wolf number
ionosphere F2 region neutrals and ions temperature, electroR and geomagnetidp indices give—0.210+0.386 km/year
N, and ambient neutrals densities, for which long-term vari-and (0.0134:0.0273)10° cm~3/year, which are insignifi-
ations is possible to be described by different solar indices. cant. The average day-night trend of mean monthiy¥2

The trend value® of the mean annuaksy/hnF2NmF2 at the Thilisi ionosphere station obtained by Bremer (1998)
and their errors for the considered parameters estimated bysing the same solar and geomagnetic indices is negative
Eqg. (2) (Gudadze et al., 2007) for most nighttime intervalsand also noted as insignificant.
are little greater than those for treditj obtained by Egs. (3) The presence of the negative long-term trend of the iono-
and (4). The latter with mean correlation coefficients (be-sphere F2 layer electron density peak heigmE2 was de-
tweenXexpandX,,) and SD forAX are summarized in Ta-  tected at many ionosphere stations in different regions of the
ble 1. world (Ulich and Turunen, 1997; Bremer, 1998; Jarvis et al.,

In Table 1 the trends and their errors are given at 95%1998; Marin et al., 2001; Xu et al., 2004). This lowering
confidence level. The red line intensity trend at mid- of the ionosphere F2 layer may be the result of global cool-
night/after midnight is always negative with a minimum ing of the upper atmosphere (Roble and Dickinson, 1989;
value of about-1.080+0.670 R/year and it increases up to Rishbeth, 1990) and related changes in its dynamics. The
a positive value of about +0.7#1.045 R/year (85% con- negative trend observed 2 (Table 1) and correspond-
fidence level for positive values) at pre-midnight. The ing F2 layer lowering by about 15-19 km for 1957-1993
trend of the nighttime ionosphere F2 layer electron den-are greater than predicted by Rishbeth (1990), Rishbeth and
sity peak heighthmF2 is always negative (at 95% confi- Roble (1992) considering only the effect of the cooling in the
dence level) and its mean value for the considered timeupper atmosphere due to an increase in the content of green-
interval (LT 21:00-03:00) is about0.455+0.343 km/year. house gases (CQand CH) in the lower atmosphere. The

www.ann-geophys.net/26/2069/2008/ Ann. Geophys., 26, 2Z0883-2008
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presence of such a negative trend in ltiné-2 and the differ- The night variation of the red line intensity (noticeable
ence of pre-midnight and after midnight trend in the oxygenfrom Figs. 1, 2 as well) is mainly determined by the be-
red line intensity at these two neighbouring stations may behaviour of the ionosphere F2 region electron densityh, 1)
attributed to changes in the meridional wind velocity. (Didebulidze at al., 2002). The average densities of the neu-
A theoretical estimation of influence of the mean north- trals Nb, O, and O at these regions of the thermosphere in-
ward wind increase or decrease in the southward on lowererease by a factor of up to 7 from solar minimum to so-
ing thehmF2 and accompanying difference between the predar maximum (Hedin, 1991), but their daily variations are
midnight and midnight/after midnight long-term trends of the smaller than those of the electron densiy(h, ). The up-
oxygen red 630.0 nm line intensity will be made in the next welling motion of the electron density peak heigimF2 up
section. to midnight corresponds to the rapid decrease in the VER
e630(n, 1) (EQ. 5) and in the total nightglow intensifigzo(z)
(Eq. 6). The mean peak heightnF2 is the highest at mid-
night (see Fig. 2). The corresponding mean value of the elec-
{ron density (including th&lmF2) is large at 21:00-22:00 LT
and then it decreases up to midnight (Fig. 1). This electron
density decrease is larger at the lower heights where the neu-

is accompanied by lowering the ionosphere E2 laver pea tral density is higher and lessens with increasing height due
) P oy g P yer p iio diminution in the neutral molecular density. In this case,
heighthmF2. To interpret these processes, we employ the I o o oo
i : . ; the midnight red line intensity is also close to equilibrium,
analytic expressions for the red 630.0 nm line nightglow vol- according to Egs. (5) and (6)
ume emission rate (VER) (Semeter et al., 1996; Didebulidze According to ébove Cons.idered variations in the peak

3 Theoretical simulation

The revealed important difference between the pre-midnigh
and midnight/after midnight long-term trends of the annual
mean value red 630.0 nm line total nightglow intendigyo

etal, 2002) heighthmF2 should be one of the important events affect-
s Ag30 ing the nighttime behavior of the red line intensity and its
ee30= f(D)| — - .
A1p long-term variations. The long-term trend fmF2 should
s1[02](h) - N, (h, 1) also be the main factor causing different trends in the red line

1+ dyalN2l(h) + doa[Oa](h) + do[01(h)’ (5) intensity f(_)r pre-midnight ano! midnight_/after midnight ti_me.

The negative trend observed in @2 gives corresponding

mean long-term lowering of the ionosphere F2 layer. This
5 phenomenon in turn gives an increase of the rates of ion re-

lg3o(1) = 10 /8630(h’ tydh. (6) combination and production @*(1D) atoms for some time

. . . interval after astronomical twilight (pre-midnight), when

Herer andh areltzhe time and the height, respectlvezly. charged particle densities in the F2 region is comparatively

- 51=3.23x10"'?exp(3.72(300/7;) ~1.87(300/7:)°]. " T; nigh during night (seen from Fig. 1 as well). This can resuit

is the ionospheré’2 region ion temperaturelyz, do2 and iy enhancement in the red line VERzo(#, 1) (Eq. 5) and

do are the coefficients of collision deactivation of @D) total intensityZs3o(r) (Eq. 6) and then their quick fall due to

and its total nightglow intensity

by Nz, Oz and O, respectivelydna=s2/ Aip, doz=s3/ Ap increase in molecule densities for lower heights of this re-
and do=sa/Aip.  52=2.0x10 ' exp(107.8/T,) cm*/s,  gion of the upper atmosphere. In this case the comparatively
53=2.9x10" 1 exp(67.5/7;) cmP/s. Aip  lower heights for the F2 layer at midnight/after midnight time

is the total transition coefficient  give smaller densities of charged particles and corresponding
(A1p=Ae30+As364+As392=7.45x 1073571, smaller values in the red line intensity resulting in its nega-
Ag30=5.63x 103571, Ag364=1.82x 103571, tive trend.

Ap392=8.93x10"'s71 ). The value of quantum yield, A secular decrease in the upper atmosphere temperature
f(D), is the mean number of excited atomé,(!D),  and neutral gas density predicted by Roble and Dickinson
produced per recombination ofjO Below, for the value of ~ (1989), as a result of the growth in the densities of green-
quantum yield we us¢ (!D)~1.1 (Sobral et al., 1993). house gases, also causes a lowering of the F2 layer (Rishbeth,

From Egs. (5) and (6) the red line VEfB30(%, t) and to-  1990; Rishbeth and Roble, 1992). According to above con-
tal nightglow intensityls30(¢) depend on the temperatures of sideration this phenomenon (lowering in the¥r2) should
ambient ions ;) and neutrals®,), the densities of neutrals cause the increase in the value of the red line intensity at pre-
N2, O2 and O, and the F2 layer electron densNy(#, 1). midnight and its decrease at midnight/after midnight. Re-
The different trends observed in the red line total nightglow cently the secular negative trend in the upper atmosphere
intensity at pre-midnight and midnight/after midnight show neutral gas density was observed by Emmert et al. (2004).
that the resulting influence of the variations in these uppefThe trends observed in the neutral gas density increase with
atmosphere-ionosphere F2 region parameters on the red lirfleeight from 200—700 km, average values ranging from 2% to
intensity should be different for the various nighttime inter- 5% per decade. According to this result, which is global,
vals. for the red line emission layer the decrease in the neutral

Ann. Geophys., 26, 2062080 2008 www.ann-geophys.net/26/2069/2008/



N. B. Gudadze et al.: Different long-term trends of the oxygen red 630.0 nm 2075

about 7.4-10% for the 37-year data set. The secular decrease= Vv
in the upper atmosphere gas density obtained by Emmert et
al. (2004) is close to the theoretical prediction by Akmaev 05 . )
and Fomichev (1998), Akmaev (2003). On the basis of thesdVhere V=2(8,D,)"> is the F2 layer specific velocity,
theoretical results a cooling of the upper atmosphere durind=/o+2 IS the height, andz, are some initial height and

37 years should be up to 20K for heights of the red line Iu- ime, respecnvelﬁ, is the an.gle between the magnetic field
minous layer, which is about 2% of the thermosphere tem-2nd zem.th. (for Abastumam sé'mos'em—OA). D,, @0 are
perature for this region (Hedin, 1991). According to the es-the Co¢_aff|C|ents of ambipolar dlffu5|on_ and recombination at
timation by Rishbeth and Roble (1992), the lowering of the (€ heighti=/,(z=0). The value of time decay (Eg. 8)
hmF2 over the next 100 years (assuming doubling in,CO corresponds to the mixing gas approach in the ionosphere

density) was predicted to be about 15km. Thus considering” 2 région (Didebulidze and Pataraya, 1999). The height
a linear decrease in theF2 it gives the lowering by about NMF2 of the ionospheré&2 layer maximum electron density
6km for 37 years. It means that the loweringtofF2 by ~ (NMF2=Ne (hnF2.1)) is
about 15-19km observed for the Thilisi ionosphere stationyro — 4, + Hine. (10)
for this time interval can not be explained only by the cool-
ing of the upper atmosphere. An additional factor causingEquation (9) and (10) indicate that for the mean nighttime
the lowering in thehnF2 is to be considered, which can be northward wind £o>0) the electron density peak is com-
long-term changes of dynamical processes such as increag@ratively lower than for the absence of the meridional wind
in the northward wind or decrease in the southward wind ve-(x0=0) and higher for the southward wind¢<0). In other
locity, which provokes a downward drift of plasma in this words increase in the northward wind (or decrease in the
region. The phenomena showing on long-term changes irsouthward one) gives decrease (or lowering) in the peak
the upper atmosphere wind are known. Recently, the midheighthmF2. From these equations, the increase of the north-
latitude mean mesosphere-lower thermosphere (MLT) northward wind velocity gives a decrease in the value ahd cor-
ward wind velocity increase for some Northern Hemisphereresponding decrease in theF2 and vise versa, when there
regions has been revealed (Portnyagin et al., 2006). Ears an increase in the southward wind (or a decrease in the
lier, a negative long-term trend of the ionosphere F2 layermorthward one) the electron density peak moves up.
peak height for two Southern Hemisphere sites was noted by From Eqg. (8) the increase in the value of the northward
Jarvis et al. (1998) and explained by the decrease in F2 layewind velocity gives the increase in the value of An
altitude as a result of thermospheric cooling and the conseupwelling or downward motion of themF2 due to long-
quent fall in the altitude of fixed pressure levels. They alsoterm changes in the value of the meridional wind velocity
explained the reduced amplitude in diurnal variation of theuo gives corresponding different value in time decayf
F2 layer altitude by a reduction in the strength of the thermo-N.(h, t) (Eq. 7) and could be a result of a different trend
spheric wind. in the red line VEReg30(%, ) (Eg. 5) and the integral in-
The long-term increase in thermospheric mean northwardensity leso(¢) (Eq. 6). Assumption of a long-term increase
wind velocity (or decrease in the southward) can provoke then the northward wind gives a lowering in therF2 and
downward motion of the ionosphere F2 layer (negative trendncrease im., which could be responsible for pre-midnight
in the hmF2) and cause of different long-term trends in the positive trend of the red line intensiti3o(z) and its nega-
red line intensity emitted from this region (Table 1). We in- tive value at midnight/after midnight. From Egs. (5-8) the
vestigate this phenomenon by use of the analytic expressionightly behavior of the red line total intensity for two differ-
for the height distribution of the mid-latitude nighttime iono- ent values of the meriodional wind velociiy, anduo> gives
sphere F2 layer electron densit (h, t) (Didebulidze and Iéé)o(t)zll exp—A1(t—1t0)] andlég)o(t)zlz exp—A2(t—tg)],

o

density of the mid-latitude ionosphere F2 region should be vy g { [(Ha sing cos.9>2 +1T Lo siné cosd ] o

Pataraya, 1999): respectively. Herd; and I, are the red line intensities at
I the initial timet=zq in the case of nightly mean meridional
Ne(h,t) =N - exp[—k(z ) — g e ”] - (M wind velocitiesuo; andugy, respectively.a; andx, are the

. o L time decays of electron densities fag1 and ugz, respec-
This Chapman type distribution damping in time correspondstively_ Froym Egs. (8) and (9) Whe::;um '[I’(l);n )»z>p)»1

to the nonstationary solution of the ionosphere F2 region am-
bipolar diffusion equation, taking into account the meridional andhmF2(uoz) <hmF2(uon) for the same values of the pa

L . . rameters of the thermosphere-ionosphere F2 region. In this
component (meridional wind)g of background horizontal :
. . : . case the lower height of the F2 layer corresponds to the
wind velocity of a neutral gas. In this case the equation of : . -
. . ) greater value in the neutral particle densities and correspond-
time decay. ando parameters have the following form:

ing greater values in the red line VER30(k, t) and inte-
1
1% u, Sind cosd \ 2 2 u,sing cosd
A=—r o2 ) | -
4H \% Vv

gral intensity/g3o(z), which means that at some initial time
, (8) after twilight (or pre-midnight) the conditiof,>7; should
www.ann-geophys.net/26/2069/2008/ Ann. Geophys., 26, 2Z0883-2008
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a5}
=
=

in the meridional wind and these changes are accompanied
by the cooling of the upper atmosphere.
N ue=2m In Fig. 3 the night variations of the red line total
nightglow intensityIs30(t) (panel a), height profile of the
VER &630(h) (panel b) and electron density, (&, t=tg)
(panel c) for meridional velocityo=—20 m/s (dotted line),
uo=0 (full line) and up=20m/s (dashed line), are plot-
i e ted. HereH=50km, B,=1.8x104s1 ,D,=9x10°m?s1
--------- and h,=294km. In this caseéugsind cosfd|~8m/s is of
100 >0 23.00 0000 0100 the same order as the specific velocity of the F2 layer
Local Time 2(B,D,)%®=12.7 m/s and the important changes take place
- in the electron density, (4, t) (Eq. 7) time decay. (Eg. 8)
400 and peak heightinF2 (Eg. 9). In estimation we have chosen
‘ smaller values (by about 4%) MmF2 for lower peak height
g at initial time LT 22:00. The peak height of the red line
300 - : VER 630 (%, t=tg) (Fig. 3b) is about 40—60 km lower than
2 L TR =~ the height imF2) of the ionosphere F2 layer maximum elec-
e T tron density NmF2) (Fig. 3c), which is typical for the mid-
Mp = - m 7T latitude height distribution of these parameters. The height
150 . . . L . profiles of the density of atomic oxygen [@), molecular
g ° " 8 a * 0 oxygen [Q](h) and molecular nitrogen [N(k) are chosen
according to the MSISE-90 (Hedin, 1991) for some phase
C between solar maximum and minimum. Analytic approach
(Eq. 7) is used for the height profile of the ionosphere F2
region electron density, (h, t) (Fig. 3c).

The theoretical estimation in Fig. 3a reflects the typi-
cal nightly behavior of the red line intensity — its mean
pre-midnight decrease from 150-300R (the end of astro-
nomical twilight) to about 30—-70R (midnight) at Abastu-
mani (Fishkova, 1983). In this case an increase in the
. mean nightly northward wind or decrease in the southward

Electron density Ne, cm3(x 10%) one p=—20my/s; 0; 20my/s) gives the increase in the

pre-midnight total red line intensitysso ( 21h<t—t,<22h)

Fig. 3. Night variations of the red line total nightglow intensity (Fig. 3a) and VER (Fig. 3b) and lowering in the peak
Ig30(t) (panela), height profile of the VEReg3g(h) (panelb) height hmF2 (Fig. 3c). Such increase in the meridional
and electron density, (i, t=tg) (panelc) for meridional velocity ~ wind gives an opposite picture for the red line intensity
up=—20m/s (dotted line}yo=0 (full line) andup=20 m/s (dashed  Ig30( r—1#,>23h) at midnight/after midnight — its value is
line). smaller for greater northward wind velocities. Here the
mean nightly meridional wind velocity can take values
up=-—20nys, 0; 20mnys at different seasons and solar

place in the case of the lowering of the F2 layer either with-Phases (lgi etal., 1999). This figure also shows that lowering
out changes in electron densié (4, 1) (Eq. 7) or when its  in hmF2 by about 15km, which is close to minimum value

decrease is comparatively smaller than the increase in thestimated from its trend (Table 1), gives an increase of the
densities of neutrals (mainly [J). If o>/ and Ao>x1 red line intensity by more than 30R at LT 21:00-22:00. This

then Iéé)o(t/)zlég)o(t/) for some time oft’>1y. For t<t', value .is greater Fhalj it wiI_I be predicted by opserve.d trend
@ @ . . » . value in the red line intensity (Table 1). Such simulation can
Ig50(1)>Ig54(1), which can result in a positive trend in the . . .
aa ) R D easily be performed for any month. In the following simi-
red line intensity, and far>1", Ig5,() <Ig3o(r) We getaneg-  |arly we will show a possibility of different trends observed
ative trend. in the red line intensity at pre-midnight and midnight due to
The lowering in thehmF2 and possibility of different val-  changes in the meridional wind velocity and negative secular
ues in the red line intensity trends can be shown using a simitrend in the neutral density. We will demonstrate it for April,
lar formalism used above in the case of presence of a seculavhere the mean pre-midnight value of the red line intensity
negative trend in the upper atmosphere neutral density ant between its minimum winter time and maximum summer
temperature. Below our theoretical estimations of the redtime values (Fishkova, 1983).
line mean nightly behavior will include the cases of changes
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In Fig. 4 the night variations of the red line intensity S R
Is30(7) observed in April (diamonds) and their theoretical ok o e B P
values in the cases of: ([io=—25m/s, decrease in the den- -
sities of [N2], [O2] and [O] by 5% and temperatuig by 1% g 't g
(full lines); (ii) absence of decrease in the densities of neu- : | “w\
trals and temperature (dotted linegy—=—25m/s (panel a), Z ~~__ -
up=—14m/s (panels b and c), and (iii) decrease in the den- £ "™t | %“"a.h%_% J
sities of neutrals by 10% and temperature by 2% (dashed  =of | T

lines),u,=—25m/s (panel b) andp=—34 m/s (panels b and
c) are demonstrated. Estimating a decrease in the neutra 4,

densities [N], [O2] and [O] by about the same value as ob- ® T bR - 3570 ka2 - S85u00em ] Bom B4
tained by Emmert et al. (2004) and decrease in the thermo-o, “°f LA L ORI S el
sphere temperaturg, we have taken into account the re-

combination and ambipolar diffusion coefficients according ~§ o
to the expressions (Nicolls et al., 2006): "g o
Bo o 511021(h = ho) + salNal(h = ho), @ = o
D, o T*1017Yh = ho) . (12) 3035
wheress=1.53x1012-5.92x 1013 (T, /300) +8.6x 10~ 14 ol R T

(,/300% cnmPs~ (St.-Maurice and Torr, 1978), assuming ¥
T, ~T; for the heights of the red line luminous layer (Hedin,
1991). In this case the lowering in therF2 (Eq. 10) is
about 7km due to the decrease in the neutral densities
by 10% and7, by 2%, for the scale height/=50km,

Intensity Igzg

Bo=1.8x10%s 1 D,=9x10Pm?s ! and up=—25m/s, sof

(Fig. 4a). Inthis case using of mean height distribution of the ot : : : : :

F2 region neutral densities and temperature (in accordance 2100 2 L jjUT” oo o0
oc une

with MSISE-90) for April at 1992-1993 (dashed lines),
their values with 10% and 20,/0_ deprease (dotted Ilnes),. ancli:ig. 4. Night variations of the red line intensitig3g () observed
5% and 1% Qecrease for verification of mean Observat'ona,n April (diamonds) and their theoretical values for the following
results (full lines) allow us to demonstrate theoretically a casesug=—25m/s, decrease in densities[dk], [O,] and [O] by
possible development of the mean nightly behavior of theso, and temperaturg, by 1% (full lines), absence of decrease in the
red line intensity during 1957-1993 at Abastumani. Suchdensities of neutrals and temperature (dotted linegk—25 m/s
consideration gives lowering ihmF2 (up to 20km), the (panela), up=—14m/s (paneld andc), and decrease in the den-
Is30¢) increase at pre-midnight LT 21:00-22:00 (by about sities of neutrals by 10% and temperature by 2% (dashed lines),
22R) and its decrease at LT 23:00-01:00 (frer@R to ~ #0o=—25m/s (panel b) andp=—34m/s (panel® andc). Vertical
—20R), close to their values estimated from trends (Table 1)!ines are one sigma error bars.

The mean nightly behavior of the red line intensity
two/three hours before midnight or at midnight/after mid-

night is similar to those demonstrated in Figs. 3 and 4 fortemperaturér,, for given month and their valugl,]+8[N2],
all seasons (Fishkova, 1983). The uncertaiilyso in the  [0,]45[0,], [0]+8[0] and T,,+8T, at different seasons and
theoretical value ofs3p (EQ. 6) due to its seasonal or solar gg|gr phases.s[Na], §[Oz], 8[0] and 87, denote changes
phase depending variations can be estimated by expressiony, the neutral densities and temperature for different sea-
81630(t) = I630[Ne(Bo + 8B, Do + 8D, uy + du; t); sons {:md solar phases at some initial height. We use these
[N2] + 8[Na]. [O2] + 8[O]. [O] + 8[O. . equgtlons to_estl_mate maximum valuelddg3g| _for t_he the-

Ty 48T, 1—I630[Ne(Bor Do, tte: 1): [N2l, [Oa], [O], Tl or_et|cal red line intensitiegs3o (EQ. 6) pl(_)tte_d in Fig. 4. In

n n e\Po> 0> Yo, > ) s s in .

this case the value ¢<£1630|/1630 at pre-midnight LT 21:00—

Heredps, § D andsu denote deviations of the recombination 22:00 decreases by about 12% for solar maximum phase and
and ambipolar diffusion coefficients and meridional wind ve- increases by up to 30% for the solar minimum phase. It
locity for different season and solar phase from their valuesmeans that the positive trend at LT 21:00-22:00 can possi-
Bos D, and ug at the initial heighth=h,. The values of bly get a comparatively smaller value for solar maximum and
Bo, Do, Bo+8p and D,+8D are estimated by Eq. (11) and greater value for solar minimum. The value|61630|/1630
Eq. (12) for the mean neutral densitigé;], [O2], [O] and increases by about 5% at midnight LT 00:00-01:00 for solar
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minimum phase and decreases by about the same percentatie nighttime southward wind and the lowering in tird=2,
for maximum phase. In this case the theoretical value of negwhich was observed during the whole night (Table 1). So, the
ative trend in the red line intensity at LT 00:00-01:00 should increase in the northward wind or/and decrease in the south-
be smaller for solar maximum phase and greater for mini-ward one shows an increase in the mean annual daily value
mum phase. The value q>31630|/1630 is more than twice of the northward wind. The mid-latitude average MLT north-
that of the case where there is no secular decrease (Fig. 4@)ard wind velocity increase for some Northern Hemisphere
in the upper atmosphere neutral gas density. For the seaegions is known (Portnyagin et al., 2006).
sonal variatior181630|/l630 is comparatively smaller for the The nighttime lowering observed in therF2 by about
same meridional wind velocities as in Fig. 4. Note, that more15-19 km should give us higher values in the red line VER
detailed consideration of the daily, seasonal and solar phassszo (7) (Eq. 5) and integral intensitys3o(¢) (Eg. 6) at pre-
depending variations in the red line intensity, which we canmidnight and its lower value at midnight in the case when
easily include in our theoretical formalism, needs the data ofthere are no changes in the neutral and electron densities for
thermosphere wind or ion drift velocity over Abastumani.  the regions of the luminous layer. Theoretical estimation for
Figure 4 shows a presence of a positive trend in the rechight variations of the red line intensitizo(z) (see Fig. 4)
line intensity at pre-midnight (LT 21:00-22:00) and its neg- is in a comparatively good agreement with the observed pos-
ative value at midnight/after midnight (123 h), which is itive trend value at pre-midnight LT 21:00-22:00 (Table 1)
caused by a decrease in the neutral gas densities, cooling @hd its negative value at midnight LT 00:00-01:00 in the case
the upper atmosphere (Fig. 4a) and a decrease in the southf decrease in the neutral gas density by 10% from 1957 up
ward wind (Fig. 4b and c). The secular decrease in the neutraio 1993, which was chosen according to the secular trend
gas density in the upper atmosphere can give us a compar@btained by Emmert et al. (2004). Here the differences in
tively smaller value of the pre-midnight positive and mid- the trends in the red line intensity are caused by the low-
night/after midnight negative trend in the red line intensity. ering inhmF2 by about 20 km. This lowering in themF2
In the demonstrated case better agreement between the olmcludes the smaller part due to the secular decrease in the
served and theoretical estimation of the mean nightly behavneutral gas densitigdNz], [O2] and [O] by 10%, the upper
ior of the red line intensity occurred in the case of the secularatmosphere temperatufg decrease by 2% and lowering due
decrease in the neutral gas densities and the decrease in thethe decrease in the mean nightly southward wind velocity
southward wind (Fig. 4b). In next section the latter we will from 37 m/s to 14 m/s. It was also necessary to assume the
consider as a possible consequence of an increase in the mepresence of a decrease (negative trend) ifNtinE 2 to satisfy
daily northward wind. the observational results. In Fig. 4 the decrease ifNtime2
is considered about 10% for LT 20:00-21:00. In our case the
negative trend in th&lmF2 at Thilisi ionosphere station was
4 Discussion observed for the whole night (Table 1) but it is insignificant.
In present consideration the long-term increase in the av-
The above consideration shows that the positive trend in therage northward thermosphere wind is assumed for explana-
oxygen red 630.0nm line intensity at pre-midnight and its tion of the observed lowering inmF2. Important changes in
negative value at midnight/after midnight, observed at Abas-the thermosphere wind occurred on magnetically disturbed
tumani could be caused by negative trend in the peak heightlays as well. The variations in the mid-latitude red line night-
hnmF2 of the ionosphere F2 layer, which was also observedylow intensity on magnetically disturbed days is possible to
from the Thilisi ionosphere station. According to the trend be a result of the increase in the upper atmosphere temper-
in the hmF2, the nighttime lowering of the ionosphere F2 ature, the value of the ratio [O]/[)Jland the increase in the
layer for the time period under consideration is about 15-southward wind (Fishkova, 1983; Didebulidze et al., 2002).
19km, which is greater than predicted by Rishbeth (1990),An increase in the southward wind velocity on magnetically
Rishbeth and Roble (1992) assuming global cooling in thedisturbed days affects the upward drift of the ionosphere F2
upper atmosphere. To explain this observed phenomenoregion plasma and increase in theF2 (Mikhailov, 2006).
the increase in the northward meridional wind or decreaseThis phenomenon should give us the behavior in the red line
in the southward is assumed. The daytime meridional windnightglow intensity opposite to that of during the increase in
of the ionosphere F2 region is mainly northward and dur-the mean northward wind. Even though magnetically dis-
ing nighttime it is southward (Hedin et al., 1991; Buonsanto turbed days are rare in comparison with quiet ones the mean
and Witasse, 1999; Igi et al., 1999). Its daily variations de-annualhnmF2 and the red line intensity should be modulated
pend on the season, solar phase and are different for differerty variations. The regional differences in the geomagnetic
regions (lgi et al., 1999). The negative trend in time-2 field geometry and variations of the thermosphere wind is
at the Thilisi ionosphere station is observed during day andobossible to be reflected in variations of the mid-latitude iono-
nighttime. In this case the daytime or nighttime lowering in sphere F2 layer parameters (Danilov and Mikhailov, 1999;
thehmF2 should be a result of the increase in the northwardMikhailov, 2006, and references therein) and the red line in-
wind velocity. This increase should also cause a decrease itensity. Simultaneous measurements of these parameters for
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a given region increase possibility to quantify the influence negative value at midnight/after midnight, close to their ob-
of natural and anthropogenic factors in the variations of theservational value.

upper atmosphere temperature, neutral and charge particle
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