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Abstract. Ground-based spectrographical observations of
infrared emissions of the mesopause region have been
made at Zvenigorod Observatory (56 N, 37 E), located near
Moscow, Russia, for 670 nights of 2000–2006. The char-
acteristics of the hydroxyl and molecular oxygen (865 nm)
airglow, heights of which correspond to 87 and 94 km, are
analyzed for finding their response to solar activity. The
measured data exhibit a response to the F10.7 solar radio flux
change, which is 30%–40%/100 sfu in intensities of the emis-
sions and about 4.5 K/100 sfu in hydroxyl temperature. Sea-
sonal variations of the airglow response to solar activity are
observed. In winter it is more significant than in summer.
Mechanisms that may provide an explanation of the solar in-
fluence on intensities of the emissions and temperature are
considered. Radiative processes not involving atmospheric
dynamics appear insufficient to explain the observed effect.

Keywords. Atmospheric composition and structure (Middle
atmosphere – composition and chemistry; Airglow and au-
rora; Pressure, density and temperature)

1 Introduction

At present there is a great interest to investigations of the
solar-terrestrial relations in the mesosphere and lower ther-
mosphere (MLT). In comparison with the upper layers of the
thermosphere, in the MLT region the response to solar activ-
ity was expected to be small and was left out of account in
models of the middle atmosphere (CIRA, MSIS), although
the first early researches gave evidence of the 11-year cy-
cle in the hydroxyl airglow intensity (Shefov, 1973; Wiens
and Weill, 1973) and mesopause temperature (Shefov, 1973).
The following results of investigations of solar activity influ-
ence on the middle atmosphere are related to the works of
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Chanin et al. (1989), Hauchecorne et al. (1991) and Keck-
hut et al. (1995). Recently Beig et al. (2003) have drawn
special attention to the importance of solar activity influence
on the MLT region. A number of papers on this problem
has been published (Burns et al., 2002; Gavrilyeva and Am-
mosov, 2002; Clemesha et al., 2005; Scheer et al., 2005;
Beig, 2006; Golitsyn et al., 2006; Liu and Shepherd, 2006).
They showed that the investigation of the solar signature in
variations of the MLT emission characteristics require high-
precision measurements. The results of all the above men-
tioned works also indicated differences in the solar effect at
various geographic latitudes. All this encourages continua-
tion of such research.

In this paper we present new mid-latitudinal airglow data,
observed in 2000–2006, and concentrate our efforts on the
analysis of solar influence upon them. The data provide
characteristics of the hydroxyl and molecular oxygen Atmo-
spheric system emissions, located near 87 and 94 km (i.e. in
the region of the mesopause). In the discussion we pay atten-
tion to mechanisms providing the influence of solar activity
on the airglow characteristics. Any comparison of our sta-
tistical results with results of similar investigations at other
latitudes and with other techniques seems to be premature.

2 Measurements and analyzed emission characteristics

An infrared spectrograph equipped with a charge coupled de-
vice (CCD) was used to obtain data presented in this work.
The detailed description of the instrument, spectrum, and its
processing has been given by Semenov et al. (2002). The
instrument allows us to measure the spectrum covering the
wavelengths from 0.77 to 1.04µm. This spectral range in-
cludes OH bands of sequences1v=3, 4 and 5 and the (0-1)
band of the O2 Atmospheric system. The instrument has a
600 grooves/mm grating with a working area of 120×95 mm.
Its field of view is 9 degrees. The CCD has 1024×128 pixels
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Fig. 1. Spectrum of the night airglow observed at Zvenigorod Ob-
servatory on 19 May 2001.

with a size of 26×26µm and pixel quantum efficiency of up
to 0.6 at 0.85µm. It was cooled (−50◦C) to reduce its dark
current. A spectrogram is acquired in 30 s with a resolution
of about 0.3 nm. In order to improve the signal-to-noise ratio
for analyzing the spectra for temperature and band intensi-
ties, 20 spectrograms are summed. The spectrograms are also
reduced to the zenithal conditions and are corrected for the
spectral sensitivity of the instrument by absolute calibration
(in Rayleigh units (R)) with a low radiation source, which in
turn was calibrated by comparing with the spectrum of the
star Capella (α Aur). All these gave the intensity measure-
ment error of lesser than 1%. Figure 1 shows a typical spec-
trum observed at Zvenigorod Observatory on 19 May 2001
and corrected for spectral response of the instrument and its
absolute calibration.

The airglow measurements were made at the Obukhov
Institute of Atmospheric Physics Zvenigorod Observatory
(55.7 N, 36.8 E) in clear or weakly cloudy nights during
2000–2006. The measurements are centered at zenith angle
53◦ and azimuth 22.6◦ counted from North to West. The to-
tal number of nights of observations is 670, distributed rather
uniformly among the years and seasons. Data from all nights
are utilized for the temperature analysis, but in the analy-
sis of emission intensities only data of the 442 clear nights
are used. The observation duration for a single night de-
pended on the weather conditions, but was close to 12 h dur-
ing the winter and only 1 h around midnight in the period of
the summer solstice, when the minimum shadow height is
about 100 km. In order to maintain uniform sampling across
the seasons, only data of the observations for midnight (from
23 h 30 min to 0 h 30 min local solar time) are analyzed be-
low.

Although the instrument allowed us to measure simultane-
ously spectral features of the OH bands (3-0), (4-1), (5-1),
(6-2), (7-3), (8-4), (9-4) and (9-5), the behaviour of their in-

tensities and response to solar activity was similar. Therefore
for demonstration of results of the OH intensity and temper-
ature analysis, the band (6-2) was chosen. It is necessary to
note that in the earlier years (before 2000) emission measure-
ments at Zvenigorod were carried out (Shefov et al., 2006).
However, in the period 2000–2006 our observations give not
only the hydroxyl intensity and temperature, but also the O2
(0-1) 865 nm Atmospheric band intensity and the ratio be-
tween intensities of the OH bands (7-3) and (9-4), being an
indicator of the neutral density at the peak height of the hy-
droxyl emission (Pertsev et al., 1999; Shefov et al., 2006).

Intensities of hydroxyl band lines and the molecular oxy-
gen (0-1) Atmospheric band were calculated by summing
the intensities of matrix columns under the contours of the
corresponding spectral features. The background continuum
was determined by performing a cubic spline interpolation
on the lowest intensities of matrix columns on the spec-
trograms. These calculated line intensities were corrected
by atmospheric transmission coefficients given in (Espy and
Hammond, 1995). Total intensities of hydroxyl bands,
I (V ′

→V ′′), were estimated by the expression

I (V ′
→ V ′′) =

I (V ′, J ′
→ V ′′, J ′′) · A(V ′

→ V ′′) · Qv′(Tr)

A(V ′, J ′ → V ′′, J ′′) · 2(2J + 1) exp
[
−

hc
k

·
F(J ′)

Tr

] (1)

whereI (V ’, J ′
→V ′′, J ′′) is the intensity of the line P1(3),

A(V ′
→V ′′) and A(V ′, J ′

→V ′′, J ′′) are the probabilities
of vibrational and rotation-vibration transitions, which were
adopted from the paper (Langhoff et al., 1986),Qv′(Tr) is
the rotational state function:

Qv′(Tr) =

∑
J ′

A(V ′, J ′
→ V ′, J ′′) · 2(2J ′

+ 1)

exp

[
−

hc

k

F (J ′)

Tr

]
, (2)

F(J′) is the rotational term value (in cm−1), Tr is the rota-
tional temperature, which, supposing the Boltzmann distri-
bution of populations over rotational levels, is determined by
the regression equation (Turnbull and Lowe, 1983; Hecht et
al., 1987, Shefov et al., 2006)

ln

[
I (V ′, J ′

→ V ′′, J ′′)

A(V ′, J ′ → V ′′, J ′′)

]
= −

hc

k
·
F(J ′)

Tr

+ const (3)

For the determination of the rotational temperature, the
P1(2), P1(3) and P1(4) lines of the OH band (6-2) were used.
Since the error of their measurements was low (<1%), the ac-
curacy in the calculation of the temperature was sufficiently
high, 1–2 K.

3 Analysis

Midnight mean data on the intensities of the OH band (6-2)
and O2 Atmospheric band (0-1), the intensity ratio of the OH
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Table 1. Characteristics of seasonal variation harmonics.

Emission
characteristics

Mean Amplitude
of the
annual
harmonic

Maximum
phase of
the annual
harmonic

Amplitude
of the
semi-
annual
harmonic

1st maxi-
mum
phase of
the semi-
annual
harmonic

Amplitude
of the
ter-annual
harmonic

1st maxi-
mum
phase of
the
ter-annual
harmonic

IOH(6−2) 871±15*
R

75±18
R

275±20
day

23±21
R

62±25
day

80±21
R

63±4
day

IO2(0−1) 348±8
R

101±11
R

295±7
day

48±11
R

54±7
day

33±11
R

53±6
day

IOH(7−3)

IOH(9−4)
4.10±0.02 0.14±0.02 337±12

day
0.17±0.03 154±23

day
0.24±0.03 32±26

day

Tr 194.0±0.4
K

24.3±0.5
K

353±1
day

7.0±0.5
K

85±2
day

1.7±0.5
K

98±5
day

* Here and hereinafter the standard errors

Table 2. Slope coefficient of the regression lineTr (F10.7).

Emission
characteristics

All data Winter Summer

IOH(6−2) 2.1±0.3
R·sfu−1

3.8±0.8
R·sfu−1

1.7±0.3
R·sfu−1

IO2(0−1) 1.1±0.2
R·sfu−1

2.3±0.5
R·sfu−1

-0.8±2.9
R·sfu−1

IOH(7−3)

IOH(9−4)
(2.2±0.4)×10−3

sfu−1
(1.5±0.8)×10−3

sfu−1
(2.8±1.3)×10−3

sfu−1

Tr (4±1)×10−2

K·sfu−1
(7±2)×10−2

K·sfu−1
(2±2)×10−2

K·sfu−1

bands (7-3) to (9-4), and the hydroxyl rotational temperature
for 2000–2006 are plotted in Fig. 2. Also this figure shows
the Penticton daily solar radio flux F10.7, expressed in solar
flux units (sfu). In spite of the fact that the observation period
does not include all the 11-year solar cycle, it included both
the solar activity maximum and its minimum. This allows
us to investigate solar activity signatures in all the emission
characteristics.

The data have been analyzed by regression methods: (1)
linear fitting and (2) sinusoid fitting with a period of 11 years.
Since the emission characteristics strongly vary during a year
(Bakanas and Perminov, 2003; Perminov et al., 2004), the
first three annual harmonics, mean for 2000–2006, were ex-
cluded beforehand from the data. The parameters that fit
the data by a least-mean-squares method are given in Ta-
ble 1. The standard errors shown here and in other tables
are mainly due to geophysical variability of temperature and

intensity of the mesopause airglow. It is obvious from Fig. 2,
that intensity and temperature may differ from night to night
much stronger than it would be due to their measurement
errors (1% for intensity, 1–2 K for temperature). The de-
seasonalized emission characteristic sets were analyzed by
counting first all the data (not dependent on a season), and
then separately those for November–January (“winter”) and
May–July (“summer”). The results obtained by the first and
second methods of the regression analysis are shown in Ta-
ble 2 and Table 3, respectively. Moreover, Table 3 shows
the amplitudes of the solar cycle variation, determined from
all data and separately from those for winter and summer.
For a convenient comparison of the derived results the data
from Table 3 were reduced to units analogous to those from
Table 2 by dividing the amplitudes of the emission charac-
teristics by the corresponding amplitudes of the solar cycle
variation of F10.7 and are given in Table 4. As can be seen
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Table 3. Amplitude of the 11-year variation.

Emission
characteristics

All data Winter Summer

IOH(6−2) 168±20
R

246±65
R

156±33
R

IO2(0−1) 86±10
R

140±40
R

25±16
R

IOH(7−3)

IOH(9−4)
0.16±0.03 0.09±0.06 0.16±0.07

Tr 2.6±0.4
K

5.0±1.0
K

1.0±1.0
K

F10.7 53±1
sfu

61±2
sfu

42±2
sfu

Table 4. Response of the emission characteristics to solar activity as the ratio of their 11-year variations.

Emission
characteristics

All data Winter Summer

IOH(6−2) 3.1±0.4
R·sfu−1

4.0±1.0
R·sfu−1

3.7±0.8
R·sfu−1

IO2(0−1) 1.6±0.2
R·sfu−1

2.3±0.7
R·sfu−1

0.6±0.4
R·sfu−1

IOH(7−3)

IOH(9−4)
(3.0±0.6)×10−3

sfu−1
(1.5±1.0)×10−3

sfu−1
(3.8±1.7)×10−3

sfu−1

Tr (4.9±0.8)×10−2

K·sfu−1
(8.2±1.6)×10−2

K·sfu−1
(2.4±2.4)×10−2

K·sfu−1

from the first columns of the Tables 2 and 4, all the emission
characteristics show a positive response to solar activity. The
changes of the hydroxyl and molecular oxygen emissions are
most significant (∼(260 R or 30%)/100 sfu and∼(135 R or
39%)/100 sfu, respectively; percents are given of the mean
intensities (see the first column of Table 1)). The responses of
the hydroxyl temperature and intensity ratio of the hydroxyl
bands (7-3) and (9-4) are 4÷5 K/100 sfu and∼0.26/100 sfu.
All responses show a dependence on the season. In winter
the response magnitudes for the intensities and temperature
are greater than the summer ones. So, the hydroxyl temper-
ature response in winter is 7÷8 K/100 sfu, and in summer
it, with account of its error, at (∼2±2 K/100 sfu) is rather
negligible. The same situation applies to the intensity of the
molecular oxygen emission:∼230 R/100 sfu in winter and
−80÷+60 R/100 sfu in summer. The seasonal difference of
the response of the hydroxyl emission intensity to solar ac-
tivity is seen only from the linear regression analysis (see
Table 2). The opposite picture is seen for the intensity ra-
tio of the hydroxyl emission bands (7-3) to (9-4). Its sum-

mer response to solar activity can be greater than the winter
one by more than two times. Taking into account that the
ratio between intensities of the OH emissions from differ-
ent vibrational levels changes together with neutral density at
the emission peak height (Pertsev et al., 1999; Shefov et al.,
2006), we can suppose that this density grows (especially, in
summer) with increasing solar activity. However, comparing
the magnitudes of the seasonal variations and solar activity
responses (both in winter and summer) of the intensity ratio
(see Tables 1, 2 and 4) we should note that the change of the
density at the peak height of the hydroxyl emission layer is
negligible.

The seasonal dependence of the emission characteristics
on solar activity may be expressed as a response in parame-
ters of their seasonal variations to solar flux F10.7. It is seen
from Fig. 2 that seasonal variations are observed in the hy-
droxyl temperature. We inferred the first three seasonal har-
monics of temperature by a least-mean-squares fit for each
year of 2000–2005. The harmonic parameters are given in
Table 5. The annual mean temperature for 5 years fell from
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Fig. 2. Midnight data on intensities of the OH band (6-2)(a) and O2
Atmospheric band (0-1), hydroxyl temperature(b), ratio of the (7-3)
and (9-4) OH band intensities (IOH(7−3)/IOH(9−4)) and Penticton
solar radio flux (F10.7).

198 to 191 K. The amplitude of the annual harmonic also de-
creased from 27 to 21 K for the same period. The amplitudes
of other harmonics do not show the same tendency. It can be
concluded from the inter-annual behaviour of the mean tem-
perature and its annual amplitude that the greatest response
to solar activity is in the winter hydroxyl temperature. This
is illustrated in Fig. 3, in which the annual variations are re-
constructed on the base of the parameters from Table 5.

Nowadays a number of investigations of a response of
the airglow characteristics to solar activity has been made
(Burns et al., 2002; Gavrilyeva and Ammosov, 2002; Cleme-
sha et al., 2005; Scheer et al., 2005; Golitsyn et al., 2006;
Shefov et al., 2006). These works showed the response of
the mean annual hydroxyl temperature to solar activity from
∼1 K/100 sfu (Scheer et al., 2005) to∼11 K/100 sfu (Cleme-
sha et al., 2005). The results of the analysis presented here
give 4÷5 K/100 sfu. However, it is necessary to draw atten-
tion to that the results of the investigations relate to different
latitudes, and in the future it requires an additional research.
Probably, the response of the airglow intensity to solar ac-

Fig. 3. Hydroxyl midnight temperature (dotes), reconstructed an-
nual variations (curve) and regression lines, derived on the base of
data for the winter solstice (upper line) and summer solstice (lower
line).

tivity also depends on the latitude. So, in opposite to our
measurements, at the latitude 32 S (Scheer et al., 2005) the
airglow intensity response is insignificant.

Least of all the seasonal character of the airglow response
to solar activity was investigated. Our work confirms the ex-
istence of this effect in the hydroxyl temperature (Golitsyn et
al., 2006; Shefov et al., 2006) and finds the similar effect in
intensities of the mesopause airglow emissions.

4 Discussion on mechanisms of solar activity influence

The key role of atomic oxygen as a mediator between solar
activity and the airglow intensity is well-known (Scheer et
al., 2005; Shefov et al., 2006). The found here significant re-
sponse of the hydroxyl and molecular oxygen emission inten-
sities to solar activity seems to be implemented through the
relevant growth of atomic oxygen at the heights of the lower
thermosphere and mesopause (80–100 km) due to dissocia-
tion of molecular oxygen in the Schumann-Runge spectral
absorption region and the dependence of this process on the
level of solar activity (Brasseur and Solomon, 1984). Photo-
chemical models of the airglow (see, e.g., Greer et al., 1981;
Makhlouf et al., 1995; Yee et al., 1997; Shefov et al., 2006)
provide the following expressions in the first approximation
for the volume emission rates (VER) of the OH and O2 At-
mospheric bands:

VER(OH) ∼ n2
· [O], (4)

VER(O2) ∼ n · [O]
2 (5)

wheren and [O] are the total concentration (number density)
and atomic oxygen one, respectively. As stated in Sect. 3
the total density at the height of the hydroxyl emission layer
shows little change with solar activity. A similar assumption
for the molecular oxygen emission layer is under question.
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Table 5. Parameters of seasonal variations of hydroxyl temperature.

Year Annual mean,
K

Annual
amplitude,
K

Maximum
phase of
annual
harmonic,
day

Semiannual
amplitude,
K

1st maximum
phase of
semi-annual
harmonic,
day

Ter-annual
amplitude,
K

1st maximum
phase of
ter-annual
harmonic,
day

2000 197.6±1.3 27.1±2.1 350±3 8.6±1.9 101±5 7.4±1.8 90±5
2001 195.7±0.8 26.8±1.1 358±2 8.4±1.0 85±4 0.7±1.0 13±30
2002 196.2±0.8 23.8±1.2 357±3 6.7±1.0 77±6 1.5±1.1 34±15
2003 193.9±0.7 26.6±1.1 354±2 7.2±1.0 79±4 4.0±1.0 120±4
2004 193.8±0.7 22.8±1.1 351±2 7.0±1.0 78±4 1.3±0.9 88±15
2005 190.5±0.9 21.0±1.6 355±3 7.5±1.0 83±4 3.7±1.1 86±7

Nevertheless, in the first approximation the intensity of the
O2 emission is governed only by the product of [O](n) inde-
pendently from the variablen(z):

I (O2) ∼

∞∫
0

n · [O]
2dz =

0∫
n max

[O]
2

d ln n/dz
dn

=

n max∫
0

H · [O]
2dn

≈ H ∗
·

n max∫
0

[O]
2dn (6)

whereI (O2) is the integrated intensity of the molecular oxy-
gen emission,z is the height. Here we suppose that the
density scale heightH=(−d ln n/dz)−1varies more slowly
than [O]2 in the vicinity of the emission layer and, hence,
may be substituted by its mean valueH ∗ weighted over the
layer. This value is approximately proportional to tempera-
ture. From independent measurements of temperature and in-
tensity of the O2 emission (Scheer et al., 2005) it is clear that
temperature is less variable than the intensity. This means
that variations of the molecular oxygen emission (as well as
the hydroxyl one) are caused mainly by the change of [O]
versusn. Thus, the changes of the OH and O2 emission in-
tensities with solar activity imply a corresponding change of
atomic oxygen with solar activity at the heights 80–100 km.

The causes of solar activity influence on hydroxyl temper-
ature are not as clear as on the airglow intensity. The first
question that arises is whether the observed hydroxyl tem-
perature change with solar activity may be caused by a ver-
tical shift of the OH emission layer to warmer or cooler re-
gion. To answer this question, it is worthwhile to compare
temperature and neutral density at the height of the hydroxyl
emission during a solar cycle (see Tables 2 and 4), suppos-
ing that variations of this density are caused by a vertical
shift of the hydroxyl emission layer (Pertsev et al., 1999).
However, the hydroxyl temperature difference (up to 8 K in

winter) between the maximum and minimum periods of so-
lar activity is not accompanied by any significant difference
in the density. Recently Liu and Shepherd (2006) showed
from WINDII/UARS observations that in the latitudinal re-
gion 40 S–40 N the height response of the hydroxyl emission
layer to solar activity is about 1 km/100 sfu. Considering the
current atmospheric models (e.g. NRLMSISE-00 (Picone et
al., 2002)) one would find that such a change of the OH emis-
sion height could cause a change of not more than 2 K in
hydroxyl temperature. Thus, the response of hydroxyl tem-
perature to solar activity is not primarily caused by a change
of the OH emission layer height.

Processes connecting the changes in hydroxyl tempera-
ture with solar activity may be different: (1) carbon dioxide
cooling variation, (2) direct solar ultra-violet (UV) heating
and thermoconductive heating in the vicinity of the hydroxyl
emission layer, (3) dynamical processes such as the change
of tidal amplitudes and/or phases, the adiabatic change
of temperature due to vertical advection, heating/cooling
through enhanced/suppressed turbulence and hydrodynamic
wave absorption or through a change of turbulent heat flux.
The first process, cooling by the CO2 15-µm emission above
80 km, strongly depends on the concentration of atomic oxy-
gen and the dissociation of carbon dioxide in the Schumann-
Runge continuum and the Ly-α line, which change with so-
lar activity (Brasseur and Solomon, 1984). Atomic oxygen
plays the key role in the translation of kinetic energy to the
excitation of theν2 vibrational mode of CO2 in the lower
thermosphere (Khvorostovskaya et al., 2002). Thus, an in-
crease of solar activity must cause, on one hand, a CO2 de-
crease due to intensified dissociation and a consequent heat-
ing effect (it must be more effective in summer, when there
is nearly continuous illumination in the MLT at 56 N). On
the other hand, the growth of solar activity must cause an
increase of vibration-translation changes due to the growth
of atomic oxygen number density and, hence, intensification
of the cooling. It is necessary to note that according to the
atomic oxygen empirical model of Shefov et al. (2006), an
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increase of atomic oxygen concentration occurs near the OH
emission layer in the October-November period. At this time
the oxygen atom number density at 87 km would reach un-
usually high values,∼5×1011 cm−3 and∼8×1011 cm−3 at
solar activity minimum and maximum, respectively. These
speculations make us expect a stronger direct correlation of
temperature with solar activity in summer and the counter-
correlation in October-November, that is contrary to the ob-
served picture (see Fig. 4). Here as in Fig. 3 the seasonal
character of the temperature response to the gradually de-
creasing solar activity is clear. As can be seen from this fig-
ure the regression line for the June–July temperatures (grey
circles) has small slope, and that for the October–November
ones (black circles) has a larger slope (i.e. strong response of
temperature to solar activity). Hence, CO2 cooling does not
seem to be the real intermediate between solar activity and
temperature. Similar ideas make us neglect the direct UV-
solar heating of the hydroxyl emission layer heights and the
thermoconductive heating from above. For these processes
we should expect the strongest effect in summer.

Thus, the most probable mechanisms connecting temper-
ature at the height of the hydroxyl emission layer with solar
activity are dynamic processes and their dependence on solar
activity. A solar effect is found in the long-term observations
of the horizontal components of wind in the upper meso-
sphere and lower thermosphere (Fahrutdinova et al., 2006).
The horizontal wind is a filter for the propagation of hydrody-
namic waves from the lower atmosphere (e.g. Hines, 1974).
Hence, its variations due to solar activity changes must cause
changes in the propagation and dissipation of the waves and,
as a consequence, in turbulence. In future, we will investi-
gate changes of characteristics of the tides and gravity wave
activity during a solar cycle.

5 Conclusion

The study of the response of the emission characteristics near
the mesopause to solar activity has been carried out on the
data of the spectrographic measurements at Zvenigorod Ob-
servatory. In spite of the fact that the observations for 2000–
2006 do not cover a full solar cycle, dependence of the in-
tensity of the hydroxyl and molecular oxygen (at 865 nm)
airglow and the temperature at∼87 km on solar activity is
found. The data show a positive correlation of airglow inten-
sity and temperature with the solar radio flux index F10.7.

The main solar cycle features seen in the airglow charac-
teristics are as follows.

1. The intensity responses of hydroxyl and molecular
oxygen emissions to solar activity are approximately
30%/100 sfu and 40%/100 sfu, respectively. The cor-
responding response for hydroxyl temperature is about
4.5 K/100 sfu.

Fig. 4. Deviations (1Tr ) of the midnight hydroxyl temperature
from the standard annual variations, presented in Table 1, and re-
gression lines for the periods of June–July (grey circles and line)
and October–November (black circles and line).

2. Although the summer hydroxyl temperature does not
show significant dependence on solar activity, the win-
ter dependence is strong,∼8 K/100 sfu. This confirms
previous reports by Golitsyn et al. (2006) and Shefov et
al. (2006). The same character of the response to solar
activity is seen in the molecular oxygen emission inten-
sity and, to a lesser degree, in the hydroxyl emission
intensity.

3. We believe that the discussion of mechanisms of the so-
lar activity influence on the hydroxyl temperature re-
quires the investigation of dynamic processes, which are
responsible for the energy and composition redistribu-
tion at the heights 80–100 km. In future, we will ex-
tend our investigation to the behaviour of gravity waves,
tides, and planetary waves during a solar cycle.
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