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Introduction. Currently, the study of internal gravity wave (IGW) studies are
of interest. Their sources are located mainly in the lower atmosphere and,
propagating upwards, IGWs are able to transfer energy and momentum to the
middle and upper atmosphere, thus influencing the thermodynamic regime of the
atmosphere.

Measurements of intensity and rotational temperatures of nightglows is a way
for monitoring the dynamics and composition of the upper atmosphere. Authors [1]
studied temperature variability in the mesopause region using spectral observations
of hydroxyl emission at the Zvenigorod station. The problem of changes in the
mesopause region during sudden stratospheric warming was analyzed in [2]. The
study [3] deals with seasonal changes of temperature obtained from hydroxyl
emission observations and their dependence on solar activity.

Recent studies reveal the presence of long-term changes of the upper
atmosphere characteristics [e.g., 4]. Authors [5] used a simple differential filters
and analyzed seasonal and interannual changes in the mean winds and IGW
intensity at altitudes 80—100 km from observations of the ionospheric drifts at
Collm Observatory in Germany.

In this paper, the method of digital differential filtering is applied for analyzing
observations of the rotational temperature hydroxyl nightglows at altitudes of 85—
90 km with the SATI devise in Alma-Aty, Kazakhstan in years 2010—2017. We
study seasonal and interannual changes in the average temperature and in the
intensity of variations with periods 1.7—5 hours, which may be associated with
IGWs in the mesopause region.

The device and method of data analysis. Information about hydroxyl
nightglow at altitudes of 85—90 km is obtained at the Institute of lonosphere in
Alma-Aty, Republic of Kazakhstan. The device SATI (Spectral Airglow
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Temperature Imager) is installed at the foothills of the Tien Shan mountain region.
The SATI is a Fabry-Perot spectrometer, which uses narrow-band interference
filters and a CCD camera detector. The SATI can variations of the intensity and
rotational temperature in the bands of OH emission. To select them, the SATI uses
interference filters for the spectral region of the OH Meinel bands [6]. The
exposure time is 2 minutes. The use of the SATI for IGW studies of in the lower
thermosphere is described in detail in [7].

The SATI measures the intensity and vibrational temperature of OH emission
at the average altitude of 87 km at 12 sky points along almucantar with a zenith
angle of 30°. During primary processing, measured values are averaged over all
12 sky points and over hourly time intervals.

To estimate the intensity of short-period perturbations near the mesopause, we
used the method described in [S]. To obtain variations with mesoscale time periods,
a numerical filtering was applied by calculating the difference between consecutive
hourly average values of temperature

T';‘:(Zﬂ_];)/z’ (1)

where 7 is the number of hourly interval with the middle time #; It is shown in [5]
that the difference between the average hourly values is equivalent to a numerical
frequency filter having the transmission function

) sin*(or /2)

(or /2)?
where o is frequency, v = t,+; — ¢; is the time step of the hourly data. Figure 1 shows
the transmission function of the filter (2) for = 1h. The H° maximum in Fig. 1

corresponds to the period about 2.7 h and the half-width of A at the level of 0.5 of
the maximum value gives the filtered period interval of 1.7—5.1 h.
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FIGURE 1. Transmission Function of the hourly-difference filter (2).
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To improve statistical reliability of results, the filter (2) was applied only to
pairs of hourly intervals with at least 40 individual temperature measurements. To
study the seasonal and inter-annual changes, the mean temperatures and relative
variances of the hourly differences (2) over monthly intervals were calculated.

Results. The method described previously was applied to the data of ground-
based observations of the rotational temperature of the OH band (6—2) with the
SATI device in Alma-Aty during the interval from May 2010 to April 2017. The
polarization relations of the theory of atmospheric IGW [8] allow to obtain the
following formula for the amplitude of horizontal velocity variations, U, and
potential wave energy, E,:

B g T|2 ' B U2
Vv E= ©
0

where g is the gravitational acceleration, N is the Brund-Vaisala frequency, 7 is
the montly-mean temperature.

Figure 2 shows seasonal changes of the analyzed parameters averaged over
years 2010—2017. The mean temperature near the mesopause in Fig. 2a has a
maximum in winter and minimum in June. The intensity of mesoscale temperature
variations in Fig. 2b and IGW characteristics in Figs. 2¢ and 2d. have maxima in
spring and autumn, also minima in winter and summer. Similar seasonal variations
of IGW intensity were obtained from medium-frequency radar observations of
winds at altitudes of 80—100 km [9].

Figure 3 presents interannual changes of the analyzed characteristics between
years 2010 and 2017. The monthly-mean temperature near the mesopause in Fig.
3a demonstrates quasi-sinusoidal changes in accordance with seasonal changes
shown in Fig. 2a. The thin line in Fig. 3a shows the linear regression with
parameters presented in the first line of Table 1. The slope of the regression line in
Fig. 3a corresponds to the rate of temperature decrease near the mesopause about
20+10 K/decade. This is significantly higher than temperature trends in at altitudes
of 80—100 km determined from satellite and other ground-based measurements
[e.g., 4]. A reason for the differences could be possible long-term changes in the
SATI characteristics.

Figures 3b—3d show interannual changes in the characteristics of mesoscale
variations with periods of 1.7—5 h. These changes do not show such expressed
quasi-sinusoidal behavior as the mean temperature in Fig. 3a. This is due to the
more complex seasonal variations of IGW characteristics having two maxima and
two minima in Figs. 2b—2d and their instability in different years. Thin lines in
Figs. 3b—3d show linear regression of analyzed values, and parameters are
presented in Table 1. The slopes of the regression lines in Figs. 3b—3d correspond
to increasing intensity of mesoscale perturbations near the mesopause. Similar
positive multi-year trends in IGW intensity were obtained in [10].
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FIGURE 2. Scasonal variations of
temperature (a), relative hourly-difference
temperature variance (b), amplitude of hori-
zontal velocity perturbation (c¢) and potential
wave energy (d) averaged over years

2010—2017.
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FIGURE 3. Interannual changes of the
monthly-mean temperature (a), relative tem-
perature variance (b), amplitude of horizontal
velocity perturbations (c), potential wave
energy (d). Thin lines shows linear fits.

TABLE 1. Coefficients of multy-year regression lines expressed in the form of
=a,t+a;(t-ty)/10 for characteristics shown in Fig. 3. Here ¢ is time in years, 7, = 2010.
g M

Parameter a; ap
To -20+10 Kdec™ 200+100 K
IT/T| 0.017+0.004 dec™ 0.06+0.01
U 6+2 ms 'dec’ 13+4 ms™!
E, 110+30 J kg 'dec™ 80+30 J kg™

Conclusion. The method of digital differential filters (2) is applied to the
analysis of observations of the rotational temperature of hydroxyl nightglow at
altitudes of 85—90 km with the SATI device in Alma-Aty, Kazakhstan in years
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2010—2017. Analyzed are interannual and seasonal changes in the monthly-mean
temperature and characteristics of temperature perturbations with mesoscale
periods, which may be associated with IGW in the mesopause region. To obtain
variations with time periods of 1.7—5 h a numerical filtering was used by
calculating the differences between consecutive hourly-mean temperature values.
The mean temperature near the mesopause has a maximum in winter and minimum
in June. IGW intensities maximize in spring and autumn and minimize in winter
and summer. The slopes of regression lines in Figs. 3b—3d correspond to multi-
year increasing intensity of mesoscale perturbations near the mesopause.

This study was supported by the Russian Basic Research Foundation (#17-05-
00458).
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