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Abstract: The paper deals with long-term means of 557.7 nm atomic oxygen airglow intensity (OI) and
air temperature within the mesopause over the southern regions of East Siberia. Data on temperature
and emission parameters were obtained with a SABER radiometer, KEO Scientific “Arinae” Fabry–Pérot
interferometer, SATI spectrometer and NRLMSIS model over the Tory Geophysical Observatory
(52◦ N, 103◦ E). Annual variations of 557.7 nm emission intensity and temperature obtained in
observations differ from model approximations. Potential reasons for the discrepancies revealed
are discussed.

Keywords: SABER; Fabry–Pérot interferometer; spectrometer; NRLMSIS; 557.7 nm intensity; temperature;
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1. Introduction

Atomic oxygen is integral to the photochemistry and energy balance in the mesosphere–
lower thermosphere (MLT) region. The maximum concentration of atomic oxygen is
observed at altitudes of ~100 km. Emission in line 557.7 nm occurs in the recombination
of atomic oxygen (is caused by the recombination of atomic oxygen), which is formed
due to the photo dissociation of molecular oxygen by solar UV (ultraviolet) emission [1].
Monitoring 557.7 nm atomic oxygen emission is one of the basic ways to investigate
MLT thermodynamic conditions. In the entire nighttime airglow spectrum, 557.7 nm
emission was the first one revealed at the beginning of the last century [2]. Nowadays,
it is the most well-understood nightglow line. However, there are a number of unsolved
problems; for example, features of diurnal and seasonal variations in 557.7 nm emission
intensity (I 557.7 nm) at different latitudes are not entirely explained. Low latitudes, for
which long-term observations from geostationary satellites have been accumulated, are the
most well-studied [3,4]. At middle and high latitudes, I 557.7 nm is mainly monitored at
different ground-based stations or using limb-scanning satellites [2,5]. Long-term studies
of I 557.7 nm show the existence of pronounced seasonal dependence and inter-annual
variations [6,7]. The annual component of I 557.7 nm variations is the most significant mode,
and its amplitude increases with latitude. The amplitude of the semiannual component
of these emission variations is far weaker than the amplitude of the annual component,
and it is the strongest over the equator and decreases with latitude [8]. Paper [2] shows
that the amplitude of the green line annual component at 7–44◦ N is within 10–30%, with
smaller amplitudes at low latitudes. The amplitude of semiannual variations also varies
with latitude; it decreases with latitude from 37% at low latitudes to ~10% at mid-latitudes.
Using 557.7 nm photometry data over Kiso for 1979–1994, the authors of [9] showed the
existence of two seasonal peaks: one in June and the other one in October.

In the tropical region, semiannual variations in 557.7 nm emission were seen from
WINDII satellite measurements, in measurements with ground-based photometers and in
the TIME-GCM model [10]. However, for mid-latitude regions, the semiannual component
was noted in [10] based on satellite data only at 96 km at 20:00 LT; it weakened overnight
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and almost disappeared by 02:00 LT. Based on long-term data on I 557.7 nm over the Tory
Geophysical Observatory (GPO), paper [11] demonstrates the existence of three I 557.7 nm
maxima during equinox periods in February–March and October, and in June, the October
maximum has the greatest amplitude. The minimum of I 557.7 nm was observed in April.
The following can be referred to as the potential mechanisms determining the features
of seasonal variations in I 557.7 nm: variations in global atmospheric circulation at MLT
heights that provide the atomic oxygen transfer in the upper atmosphere, oxygen layer
vertical motions and temperature variations at the emission level.

Due to transition in the excited oxygen atom O
(1S − 1D

)
, 557.7 nm emission occurs.

The 4.2 eV excited oxygen atom O
(1S

)
results from triple collisions with the participation

of atomic oxygen (the Barth mechanism) and includes the following stages:

O + O + M→ O∗2 + M (1)

O + O∗2 → O(1S
)
+ O2 (2)

Knowing the atomic oxygen concentration per volumetric unit, and the flow rate (1),
(2), we can estimate the number of 557.7 nm photons emanating from a volumetric unit per
unit time.

Moreover, the hydroxyl airglow is related to the atomic oxygen chemistry via ozone
by the following reaction:

H + O3 → OH∗ + O2 (3)

In this case, ozone is generated from oxygen atoms by means of a triple collision reaction:

O + O2 + M→ O3 + M (4)

To determine the atomic oxygen concentration in the night using the hydroxyl airglow,
Mlynczak et al. (2013) [12] assumed that the ozone production due to recombination (4) is
balanced by its loss resulting from reaction with atomic hydrogen (3). Therefore, the hy-
droxyl emission intensity observed, e.g., with a SABER instrument, is directly proportional
to its formation rate, hence, directly proportional to atomic oxygen concentration. Thus,
data obtained through hydroxyl observations can be used to estimate the concentration
of atomic oxygen and the synthesis of 557.7 nm airglow intensity and to further study the
regional climatology of this airglow line.

In a sense, this paper continues the cycle of studies [11,13,14] carried out in previous
decades in the Tory GPO, only with the use of different ground, satellite and model
data. The study is purposed to investigate the features of seasonal variations in MLT
temperature and 557.7 nm emission characteristics over the Tory GPO and to compare the
results from data obtained with a SABER radiometer, KEO Scientific “Arinae” Fabry–Pérot
interferometer, SATI spectrometer and the NRLMSIS model.

2. Data Sources

In our study, we used data from the SABER radiometer aboard the TIMED satellite
(http://saber.gats-inc.com/ accessed on 18 April 2023). SABER conducts global measure-
ments of atmospheric parameters with a 10-channel broadband infrared radiometer using
the method of Earth’s limb scanning within the spectral range from 1.27 to 17 µm [15].
These measurements are employed to plot vertical profiles of kinetic temperature, pres-
sure, geopotential height, O3(ozone) mixing ratio, OH (hydroxyl) emission intensity and
O2(molecular oxygen) concentration. To compute the height profile of the upper atmo-
sphere I 557.7 nm, we used the height profile of atomic oxygen concentration and filtered
data over the area of a 700 km radius with the center at GPO Tory (51◦48′ N 103◦04′ E).
More details of SABER data collection and the spatial filtration and calculation of 557.7 nm
intensity are given in [16].

The KEO Scientific “Arinae” Fabry–Pérot interferometer (FPI) is in the ISTP SB RAS
GPO (Institute of Solar-Terrestrial Physics Siberian Branch of Russian Academy of Sciences

http://saber.gats-inc.com/
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Geophysical Observatory) near the Tory settlement in the Republic of Buryatia, Russia. The
interferometer detects temperature and wind velocity from Doppler broadening and a shift
of natural nightglow spectral lines. We use data obtained using the 557.7 nm line emitted by
atomic oxygen in a ~10 km thick layer at the altitude of 90–100 km above the Earth’s surface.
Unlike satellite instruments, the ground-based interferometer detects the airglow of the
entire layer, without separation according to altitudes. Therefore, the obtained parameters
(airglow intensity, temperature, wind) represent some integral values averaged over the
entire airglow layer. The technique of detecting atmospheric parameters using the FPI is
presented in [17].

The SATI spectrometer is made on the basis of the ISP-51 serial spectrometer and
VIDEOSKAN-285 camera. ISP-51 is a three-prism spectrometer with glass optics, which
comprises two identical 60◦ prisms and one constant-deviation prism. The prisms are made
of AR-coated flint glass and allow the use of the 360–1000 nm spectral band. Just like an
interferometer, a spectrometer observes integral airglow intensity. In this paper, we use
data on I 557.7 nm as received from this device.

In our study, we use model NRLMSIS 2.0 developed by a team of authors in [18] on
the basis of model NRLMSISE-00. NRLMSIS 2.0 employs rocket and satellite measurements
and data from incoherent scatter radars. The model calculates concentrations of He, O, N2,
O2, Ar, H, N, total mass density and neutral temperature at heights up to 1000 km from the
Earth’s surface.

The calculation of nightly averaged values within the area where the SABER data were
taken was performed for tangent-point solar-zenith angles over 94 degrees. For NRLMSIS
and FPI data, it was performed for nightly data between civilian twilight (solar angles over
99 from zenith).

3. Methods

For proper comparison of temperatures obtained from different data sources, they
should be reduced to one parameter and synchronized. Integral airglow intensity observed
with a ground-based instrument cannot be transformed to height profile; therefore, to
compare airglow intensity from SABER data and simulation results with that from ground-
based instruments, it should be reduced to arbitrary units—Rayleighs. Temperature profiles
obtained with simulation and the satellite instrument should also be averaged with the
weights equal to airglow intensity in order to obtain integral characteristic—effective
temperature [16,19]—which shall be further compared with the interferometer observation
results. Finally, due to the fact that observations with ground-based instruments are only
possible in the night, daylight hours should be excluded from time series of satellite and
model data. The resultant data series shall be brought to a common form. Gaps in data
series due to inappropriate observational conditions or technical problems, data dispersion
due to weather conditions and equipment noise impede comparison, e.g., of the studied
parameters’ annual dynamics. Hence, we compared time series of nighttime means and
monthly means of the studied parameters. The time series were preliminarily averaged
over 2017–2021.

3.1. SABER

Intrinsically, atomic oxygen causes the occurrence of 557.7 nm airglow; hence, atomic
oxygen concentration that can be obtained from SABER data is the basis to estimate airglow
intensity from satellite data. The technique described in [12,20] allows obtaining height
profiles of atomic oxygen concentration from height profiles of hydroxyl, temperature,
ozone and atmospheric density. After that, one can obtain a height profile of the 557.7 nm
volume emission rate (VER) based on data presented in [21], which describes the method
of atomic oxygen concentration calculation from the known 557.7 nm intensity. For further
comparison with data from ground-based instruments, the resultant height profile of
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volume emission rate must be converted to Rayleighs (10−6 photons/cm2/sec). To do this,
the below expression can be used:

R = 10−6 ×
N

∑
i

Ii∆h× 105 = IS∆h× 10−1 (5)

where Ii is the volume emission rate (photons/cm3/sec) for each level (i), N is the number
of levels in height profile, and h is the layer thickness in kilometers. Such transformations
can be found in [22], for example. In our study, the layer thickness h is 85–100 km.

In addition, using height profiles of temperature and I 557.7 nm at 85–100 km, we
calculated effective temperature from SABER data. The effective temperature was cal-
culated with the intensity profile shifted two kilometers up relative to the temperature
profile, because according to previous results, seasonal variations in effective temperature
show the best match with seasonal variations in temperature recorded using FPI [16]. The
same paper [16] describes in detail the technique of synthesizing intensity and deriving
effective temperature.

If only integral parameters are compared, it reduces the research potential of the
SABER dataset, because in this case, information on vertical dynamics of the parameters in
question will not be used. Therefore, in addition to integral values, it is useful to extract
information about extreme values from height profiles. In this study, we shall also use data
on heights of temperature minimum, maximum atomic oxygen concentration and 557.7 nm
airglow intensity maximum.

3.2. Fabry–Pérot Interferometer

Figure 1 shows the comparison of variations in I 557.7 nm synthesized from SABER
data and variations in integral intensity observed with FPI. Figure 1 presents day-to-day
variation of I 557.7 nm average from 2017 to 2021. It should be noted that at some time
points, there are similar variations of I 557.7 nm from different sources, up to interdiurnal
variations, for example, from day 40 to 130 or from day 330 to 365. The results of I 557.7 nm
measurements obtained with Fabry–Pérot interferometer are given in arbitrary units, be-
cause the equipment evaluating the light flux intensity was not calibrated. Arbitrary units
of intensity observed with the interferometer can be converted to Rayleighs using SABER
data for the periods when intensity variations show the best similarity.
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Figure 1. Annual average I 557.7 nm from 2017 to 2021 since January 1 from SABER (red) and FPI
data (green).

Figure 2 shows the scatter diagram for I 557.7 nm series by FPI and SABER for days
0–125 and 325–365 of year (best similarity time). Despite the existing dispersion, positive
correlation of the two studied series is well-defined, and the Pearson correlation coefficient
of the series equals 0.471. The method of determining the intensity from interferograms
assumes background subtraction [17]; therefore, for the suggested interferometer calibra-
tion, correlation of FPI and SABER intensities can be considered to be linear but without
the zero shift. The linear regression line of two datasets that runs through the origin is
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also given in the scatter diagram. Tangent of the line inclination angle 6.322 R/arb. unit
(Rayleighs/arbitrary units) will further be used to convert the interferometer arbitrary
units to Rayleighs.
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557.7 nm.

3.3. NRLMSIS

Within this study, we simulated I 557.7 nm airglow using data of NRLMSIS 2.0 model.
Intensity is calculated using a similar technique [16], but in this case, concentrations of
atomic and molecular oxygen were taken from NRLMSIS 2.0 data over the 2017–2021
period for 80–120 km altitudes with 1 km increment and time resolution of 0.25 h. From the
data derived, we extracted time intervals corresponding to the FPI nighttime observations.
Then, intensities were averaged over 2017–2021 for each night of year and month. We used
the intensity synthesized this way to calculate it in Rayleighs using expression (1) and to
define the intensity-weighted effective temperature of a layer in height profile section. In
addition to calculation of the above parameters, the NRLMSIS 2.0 model was employed
to obtain the dynamics of altitudes of minimum temperatures, averaged concentration of
atomic oxygen and altitudes of I 557.7 nm airglow maxima.

4. Results
4.1. Temperature

The mesopause is colder in summer than in winter. It is related to atmospheric
circulation at the mesopause altitudes causing the upwelling at the summer pole and
downwelling at the winter pole. The ascending air expands adiabatically and cools down,
which leads to the cold summer mesopause and vice versa—the air descent leads to
air compression and temperature rise in the winter mesopause related to it [23]. In the
mesosphere, annual circulation is associated with the dissipation of gravity waves driving
the meridional circulation [24].

Figure 3 presents annual variations in average nighttime effective temperature in the
mesopause region as obtained from the SABER, FPI and NRLMSIS model for 2017–2021 at
the altitudes of 85–100 km over the south of East Siberia. Figure 4 shows annual variations
in the monthly average nighttime effective temperatures in the mesopause region, the same
as Figure 3.
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(red), FPI (green) and NRLMSIS model (blue) data.

Figures 3 and 4 show that the lowest temperatures are seen in summer (~160–180 K),
and the highest are seen in winter (~200 K) from empirical and model data. However,
according to model data, the seasonal temperature decrease is smoother, while satellite and
ground data show higher rates of temperature decrease. The temperature decrease from
interferometer data near the hundredth day of the year is followed by strong variations,
during which some nighttime means can exceed winter temperatures (Figure 3). These
variations in the daily averaged values of I 557.7 according to the FPI lead to the fact that
instead of a seasonal decrease in I 557.7 from winter to summer, it slightly increases in April.
Minimal monthly average effective temperatures in the mesopause region are reached in
May from SABER data (175 K) and in July from NRLMSIS data (178 K), after which the
temperature begins to rise. According to FPI data, the lowest temperatures are reached in
July and remain almost the same (165 K) until September (Figure 4). Due to data disper-
sion, these points in time are difficult to detect from Figure 3, but the difference between
temperatures in the summer–autumn period is well-defined. The rates of temperature rise
from model and satellite data in the summer–autumn period are approximately the same,
while according to interferometer data, temperature begins to rise significantly only in
autumn. The difference in temperature from different sources amounts to ~20 K and occurs
in September–October. According to interferometer data, in autumn, temperature growth
begins in October, the growth rate being significantly higher than in model and satellite
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data. As a result, the effective temperatures reach the same values for all three instruments
in wintertime.

Figure 5 presents the comparison of temperature minimum altitudes from data by
SABER and the NRLMSIS model (there are no interferometer data on the graph since it
measures integral parameters of the atmosphere). The annual dynamics of the temperature
minimum position from height profiles from the satellite instrument and model are consis-
tent. It should be noted that according to SABER, the amplitude of variations in nighttime
mesopause altitude is a little less than 10 km, and according to the model, this value change
is 15 km.
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Thus, the temperature dynamics and the temperature profile (temperature minimum)
in general correspond to the modern concept of the mesopause temperature regime. The
revealed differences are discussed below.

4.2. Intensity 557.7 nm

Figure 6 demonstrates annual variations in average nighttime I 557.7 nm airglow
as obtained from the SABER, FPI and NRLMSIS model for 2017–2021 over the south of
East Siberia. Figure 7 shows annual variations of monthly average nighttime intensities,
the same as Figure 6. Minimal values of I 557.7 nm are observed in the winter–spring
season, and maximal I 557.7 nm are essentially seen in summer and autumn. Seasonal
variations of intensity are actually the same for different instruments from early winter to
early summer and different in summer and autumn (Figure 6). Winter airglow intensities
are ~200–300 R, the intensity begins to decrease as the spring season begins, and minimal
values of ~100 R are reached in April. From spring to summer, we can see a sharp growth
of intensity, up to 400 R in early summer, after which a convergence in data from different
instruments begins. From satellite data, the intensity continues to enhance to maximal
values of ~500 R in July–August, and from ground data, the intensity begins to vary within
300–450 R. According to all instruments, intensity starts to decrease in August–September,
but from interferometer data, it increases again in October and November, while SATI and
SABER show a decrease in the intensity. The greatest discrepancy in the observed intensity
is seen in November amounting to almost 200 R. As winter sets in, I 557.7 nm from all
instruments become almost the same, reaching 200–300 R. According to NRLMSIS data,
intensity variations do not exceed 200 R throughout the year. It should be noted that except
for the April minimum, at all other times, the model intensity is consistent with the average
monthly values obtained with the interferometer. Considerable differences are seen in June
and November. In addition, the intensity obtained using the model has a local maximum
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in spring, when we observe the global minimum of intensity according to all instruments
in question.
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Figure 8 shows the comparison of intensity peak positions in the height profile aver-
aged over the month from data by SABER and NRLMSIS. One can note that from January
to June, the behavior of both plots is relatively similar, the height of the airglow maximum
growing from January to a maximum of 95.5–96 km in April and going down to summer
minima of ~94 km in April–June. From satellite data, in the second half-year, the maximum
altitude of the airglow peak of ~95 km is reached in August; according to model data, it is
reached in September–October. December and January monthly average altitudes of the
intensity maximum are significantly lower from model data than those from satellite data
(92 and 94 km, respectively).
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Another interesting result is the asymmetric behavior of intensity and temperature
related to changes in the circulation pattern. During circulation restructuring in spring, we
can see a significant decay of airglow intensity and considerable temperature variations. In
autumn, the circulation pattern changes without critical intensity decreases and tempera-
ture variations. The shift in the altitude of the intensity maximum to August in Figure 8
should indirectly spur the researchers to further search for the reason for this asymmetry.

5. Discussion and Conclusions
5.1. Temperature

The observed temperature behavior in the winter and spring seasons distinguishes
the mesopause annual temperature variations above Eastern Siberia from the normal one.
It can be assumed that this behavior is driven by the influence of processes developing
in the underlying atmospheric layers. Winter is characterized by a high frequency of
sudden stratospheric warmings, which occur and rapidly develop over Siberia. These
processes might cause significant variations in average nighttime temperatures and a
related slowdown of the decrease in monthly average temperature [25].

The summer–autumn discrepancies in the observed temperature can be indirectly
induced by differences in the intensity behavior during this time interval for satellite
and ground-based instruments, because the effective temperature is calculated using the
557.7 nm emission height profile. In addition, we should note that the temperature from
model data for this time interval matches well the results of satellite observations.

5.2. Intensity

In general, annual variations of 557.7 nm emission and mesopause temperature above
the south of East Siberia is within the widely accepted understanding of how these parame-
ters behave above mid-latitudes [26]. Variations of 557.7 nm emission from instrument data
differ from those obtained from the NRLMSIS model product, which is most noticeable
in April. It is probably related to the latitudinal peculiarity of 557.7 nm occurrence, which
is not considered in the NRLMSIS model, or climate changes that are not considered in
the model.

In addition, the minimum of I 557.7 nm coincides with the maximum of temperature
(Figure 3) and the maximum height of peak intensity (Figure 8) for the entire year. Raising
the airglow layer means it is moving into the lower thermosphere where the temperature
is higher. In these circumstances, the rate of the triple collision reaction will slow down
causing a decrease in airglow intensity, yet the effective temperature will grow, which obvi-
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ously leads to slower seasonal decreases in temperature observed with the interferometer
in April, according to Figure 4.

Temperature and atomic oxygen concentration are the most significant atmospheric
parameters in the calculations of I 557.7 nm from SABER data [16]. Evaluation of the
temperature contribution to intensity calculations is possible if other input parameters are
fixed. The result can be seen in Figure 9, from which it is obvious that the intensity goes
down with temperature—the higher the temperature, the lower the intensity.
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Figure 9. SABER VER (volume emission rate) 557.7 nm, which only depends on temperature
(160–260 K) obtained at fixed atmospheric parameters (atomic oxygen concentration [O] = 3.7·1011,
[M] = 6·1015, molecular oxygen concentration [O2] = 1.3·1015; used Formula (7) from [16]).

The summer airglow maximum from SABER data can be explained by the fact that in
the upper atmosphere during summer limb-scanning observations near the terminator, the
influence of the sunlit atmosphere remains significant, which cannot be fully eliminated
from the height profiles of temperature and atmospheric components using the deconvolu-
tion operation. Another possible reason for the discrepancies may be that photochemical
processes have no time to come to equilibrium after dawn, and the photochemical model
and initial satellite data, which are used in this paper for intensity synthesis, incorrectly
represent the real condition of the mesopause airglow layer.

The presence of the autumn intensity maximum in interferometer data and the absence
of it in satellite data, which is clearly seen in Figure 6, is hard to explain. Presumably, there
exist the effects of some additional chemical processes in the mesopause region, which
cannot be taken into account based on SABER data addressed in this paper. Yet it should
be noted that the results of the simulation using the NRLMSIS model imply the existence
of the autumn intensity maximum.

The observed discrepancy of intensities from data by two ground-based instruments
in summer and autumn can be explained as follows. Summer and autumn are the seasons
with the most frequently occurring fog and cloud cover in the observation point. When
preparing time series for interferometer data, we selected time intervals without cloud cover
within the region during observations. To do this, we followed the algorithm described
in [27]. For the spectrometer time series, such data preparation was not carried out before
averaging. As a result, variations from month to month in the summer–autumn period
remained similar for the interferometer and spectrometer, but absolute values for the
spectrometer got considerably lower (see Figure 7, months 7–12).



Appl. Sci. 2023, 13, 5157 11 of 13

5.3. Dynamics of Extrema

The presence of half-year periodicity in the behavior of the intensity maximum
(Figure 8) in contrast with strong annual variations in the absolute value of intensity
(Figure 7) and in temperature (Figure 4) is assumed to be due to the seasonal behavior of
atomic oxygen concentration. Figure 10 presents the annual dynamics of maximum atomic
oxygen concentration. We can see that the predominant variation in concentration has
an annual harmonic. Therefore, the potential reason for the observed features of airglow
layer vertical dynamics might lie in the peculiarities of air circulation that form the vertical
dynamics of the concentrations of chemical components capable of imposing considerable
effect on the airglow intensity. The steady behavior of atomic oxygen maximum concentra-
tion from model data (Figure 10) also indicates that it is hard to adequately describe the
observed process using only empirical data on atmosphere composition without taking the
air dynamics into account, so further research is required.
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6. Conclusions

Within this paper, we studied the nighttime atmospheric temperature and 557.7 nm
line intensity over the south of East Siberia at the altitudes of 85–100 km in 2017–2021.
We adapted and visualized the considered atmospheric parameters obtained with SABER,
SATI and FPI instruments and NRLMSIS data.

A comparison of seasonal temperature variations within the Tory GPO region from
ground, satellite and model data showed their good consistency except the summer and
autumn period where the FPI temperatures turned out to be significantly lower than those
from SABER and NRLMSIS. The difference in summer and autumn temperatures from
satellite and ground-based instruments is presumably related to the intensity behavior
as the effective temperature is calculated using the height profile of 557.7 nm emission.
The model and satellite data show similarities both in temperature variations and in the
monthly average altitude of minimal temperature.

According to the analysis of annual variations in 557.7 nm emission intensity from
data from the satellite, ground-based instruments and model, differences are seen in April
and in September–November. Intensity from the NRLMSIS data differs from the rest
in April; this is presumably related to the fact that the model does not account for the
latitudinal features of the occurrence of 557.7 nm emission or climate changes in this region.
High values of SABER intensity in summer can be driven by the residual effect from solar
airglow after dawn, due to which some photochemical processes can be missed in the
model calculating the I 557.7 nm. The FPI maximum intensity in autumn is hard to explain,
while the NRLMSIS model implies its presence, so further studies are required. Differences
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in the intensity measurements with ground-based instruments in the summer and autumn
seasons are probably related to weather conditions (cloud, fog), since FPI data were selected
only on clear sky days, and SATI data were not filtered; hence, the spectrometer-obtained
intensity is lower during this period. One of the assumptions was that the oxygen emission
at 557.7 nm, obtained with the FPI, may be partly due to the precipitation of particles due
to geomagnetic activity, but the auroral oval rarely reaches our latitudes [28].
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