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Abstract. The article compares the interannual vari-
ability of the atmosphere at the OH glow height, which
can be associated with planetary wave propagation, at
stations spaced in latitude. As a characteristic reflecting
planetary wave activity we consider standard deviations
of the average overnight temperature oy, from its
monthly average after taking into account the seasonal
variation. Joint mesopause temperature measurements at
high latitudes at two optical stations Maimaga (63.04°
N, 129.51° E) and Tiksi (71.58° N, 128.77° E) began in
2015. The stations are equipped with identical Sham-
rock (Andor) high image quality infrared spectrographs
for registration of OH (3-1) in the near infrared region

(~1.5 pm). The main result of studying the planetary
wave activity during the 5-year period of simultaneous
observations is that at Tiksi station it slightly (by about
1-2 K) exceeds that at Maimaga station. In average an-
nual activity fluctuations, the presence of quasi-biennial
oscillations is traced.

Keywords: planetary waves, mesopause region, hy-
droxyl.

INTRODUCTION

The term “planetary waves” (PW) describes wave dis-
turbances of various types in the atmosphere, which have a
global, planetary scale. Sources of their generation can be
surface inhomogeneities, temperature contrast due to land
and sea heating inhomogeneity, lunar gravitational tides,
large-scale meteorological disturbances, etc. The dominant
disturbances in the winter stratosphere and mesosphere are
Rossby waves excited in the atmosphere by the latitudinal
gradient of the Coriolis force, which balances pressure
gradient changes [Smith, 2012; Yigit, Medvedev, 2015].
Planetary waves are considered an important driver of me-
ridional atmospheric circulation [Holton et al., 1995],
which, due to its global nature, determines the dynamic
coupling between different atmospheric layers. Moreover,
breaking of planetary waves propagating upward from the
troposphere can cause a sudden stratospheric warming in
winter [Matsuno, 1971; Schoeberl, 1978].

There are two PW types: stationary (or quasi-
stationary) and traveling. In the lower and middle atmos-
phere, stationary PWs are confined to a particular location,
and their manifestations are difficult to separate from the
background values of measured parameters during ground
observations of the upper atmosphere. In [Smith, 2012], it

is mentioned that the amplitude of such waves in the
mesopause region (~100 km) is low. Thus, it is assumed
that the fluctuations in the upper atmosphere parameters
with periods from a few days to a month observed from
one point by ground-based instruments can be classified
as traveling PWs.

This paper studies the PW effect on atmospheric
temperature near the mesopause, using observations of
the rotational temperature of OH (3-1) at two stations
located approximately on the same meridian, but spaced
in latitude. As an indicator of PW activity, the standard
deviation of the average temperature is utilized after
subtracting the seasonal component determined by the
method proposed in [Bittner et al., 2002; Offermann et
al., 2009]. This approach is distinguished by the simplic-
ity of calculation; it is insensitive to the stationarity and
linearity requirements, there is no need to calculate the
period, amplitude, phase, and zonal wave number for
each specific wave. This method has been adopted in
[Perminov et al., 2014; Reisin et al., 2014].

INSTRUMENT AND METHOD

Two Shamrock spectrographs are installed at Maimaga
station (63.04° N, 129.51° E) 150 km north of Yakutsk and
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at Tiksi high-latitude station (71.58° N, 128.77° E). The
instrument at Maimaga station has been working since Janu-
ary 2013; and that at Tiksi station, since September 2015.
For mutual calibration of the instruments, simultaneous ob-
servations were carried out for 10 days in August 2015. The
software developed by SHICRA SB RAS allows the instru-
ments to operate completely offline.

The spectrographs register the OH (3-1) band in the
near infrared region (~1.5 um) at a solar depression an-
gle >9°. In this spectral region, the hydroxyl emission
intensity is the highest, whereas the auroral emission
intensity is much lower, as is the contribution of stray
light from the Moon and stars, which decreases signifi-
cantly — 1/A* times [Shefov et al., 2006]. The working
cooling temperature of chambers of the spectrographs is
set to —50° C to eliminate the temperature drift of the
dark current; the exposure time is 60 s. Under these
conditions, the spectrographs can measure the tempera-
ture in the mesopause region up to ~2 K (the error was
calculated separately for each measurement).

The method of estimating the rotational molecular
emission temperature involves fitting the model spectra,
constructed taking into account the instrumental func-
tion for different preset temperatures, to the actually
measured spectrum [Ammosov, Gavrilyeva, 2000; Gav-
rilyeva et al., 2021]. The OH(3-1) band is thermalized
well enough, and the rotational temperature determined
from it is close to the kinetic temperature of the sur-
rounding neutral atmosphere at the height of its emis-
sion. When estimating the rotational temperature from
the hydroxyl band, we have used the transition probabil-
ities calculated in [Mies, 1974].

CALCULATION OF PLANETARY
WAVE ACTIVITY AT DIFFERENT
LATITUDES

The standard deviation oy, Of the average overnight
temperature Ty, (after subtracting seasonal variations
fs) in the mesopause region from its monthly average

value Tpy-month_av IS taken as a characteristic of planetary
wave activity:
)2
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where N is the number of measurements.

To account for the seasonal temperature variation,
harmonics corresponding to its annual, semi-annual, and
third-annual components are identified from average
overnight temperatures:
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Here Ty is the annual average temperature; Ay, AyA; are
the amplitudes of annual/seasonal harmonics; t is the time
(date, day of the year); ¢ is the corresponding time shift
(given the phase).

The result of subtraction of the sum of seasonal vari-
ation harmonics from annual average overnight temper-
atures is consistent, as previously accepted, with the
contribution of planetary wave propagation to the tem-
perature (Figure 1).

Figures 2 and 3 present the results of calculation of sea-
sonal variations and temperature disturbances caused by
PW propagation for Maimaga and Tiksi stations respec-
tively. There is a fairly clear pattern of the seasonal varia-

tion in the mesopause temperature measured at the two
optical stations.
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Figure 1. Average overnight temperature and seasonal temperature variations at Tiksi station in 2016-2017 (a). Temperature
disturbances after subtracting the sum of seasonal variation harmonics (b)
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Figure 2. Average overnight temperature and seasonal temperature variations at the Maimaga station in 2013-2020 (a).
Temperature disturbances after subtracting the sum of seasonal variation harmonics (b)
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Figure 3. Average overnight temperature and seasonal temperature variations at Tiksi station in 2015-2020 (a). Temperature
disturbances after subtracting the sum of seasonal variation harmonics (b)

Figures 4 and 5 show standard deviations of temper-
ature op,, and relative standard deviations opw/T month av
from the monthly average values taken as characteristics
of planetary wave activity. Errors in the determined
temperature variability parameter (cp,) Were calculated
from the following formula [Atmosphere: handbook,

(e}
,/Z(n -1
ror in determining the standard deviation, where n is the
number of elements (measurements).

The relative standard deviations of temperature
Spw/ Tmonth_av Obtained at Maimaga and Tiksi stations are
close (~0.03) to 644/To from Zvenigorod station [Perminov
et al., 2014]. To study interannual planetary wave activi-
ty, the standard deviations o, year OF the dataset for one
season were calculated without being subdivided by
months. Annual activity opy year iS the average planetary
wave activity for one observation season (from Septem-
ber to May of each year). Annual planetary wave activi-
ty Opw year fOr Maimaga and Tiksi stations is illustrated
in Figure 6. Annual activity at Tiksi station exceeds that
at Maimaga station by ~1.4 K in each individual season.
In 2014-2015 and 2018-2019, there are peaks of annual
activity Opw year fOr Maimaga. In 2018-2019, annual
activity Opw year IS alsSo maximum for Tiksi. Figure 6

1991; Perminov et al., 2014]: 5 _ = is the er-
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shows a tendency toward quasi-biennial fluctuations in
activity, synchronous for both stations.

The same procedure as for calculation of oy, but
without subdividing by months is used to calculate the
standard deviation of the entire dataset. According to
[Reisin et al., 2014], the resulting value is called the
total value opw o (Which does not exactly coincide
with the mean for individual values of o) and, in fact,
represents average planetary wave activity over all
available calendar months.

The total planetary wave activity throughout the ob-
servation period Gpy tora 18 6.87£0.12 K for Maimaga
and 8.25+0.20 K for Tiksi. Reisin et al. [2014] show
total planetary wave activities in latitude for different
stations around the world, with half of the data falling
into a narrow range from 5.6 to 6.4 K. Yet, this does not
exclude the existence of any latitude effect since all
other high-latitude stations (Halley (75.52° S; 26.72°
W), Rothera (67.57° S; 68.13° W), Stockholm (59.5° N;
18.2° E), Maimaga (63.1° N; 127.1° E), Longyearbyen
(78.15° N; 16.04° E)), according to [Reisin et al., 2014],
observe significantly higher planetary wave activity —
~8 K or higher. Planetary wave-induced disturbances of
the average rotational temperature of hydroxyl after
subtracting the seasonal variation as observed by
Maimaga and Tiksi stations are displayed in Figure 7.



V.1. Sivtseva, P.P. Ammosov, G.A. Gavrilieva, A.M. Ammosova, |.I. Koltovskoi

12
104
g
8]
o]
5 o
.

=)

o, (K)

0,06

. 0,05

NI -

£0,04

: : b

0,034
, 002

b 0,01

0,00 -

T Y. T H T ¥ T ' T . T v T > T y
[\ _06-2013 01,06-2014 [\ _06-2015 01,06-20‘6 0‘\,05-2017 01_06-20‘8 01_05-20‘9 '\ _06-2020

Figure 4. Standard deviations (a) and relative standard deviations of temperature (b) caused by planetary waves (2013-2020,
Maimaga station)
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Figure 5. Standard deviations (a) and relative standard deviations of temperature (b) caused by planetary waves (2015-2020,
Tiksi station)
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Figure 6. Annual planetary wave activity opy year fOr Maimaga and Tiksi stations (2013-2020)

92



Wave activity of the mesosphere

T
01.08.2018 01.10.2018

. 01.12.2018 !

01.02.2019 01.04.2019 01.06.2019

01.08.2019  01.10.2019

01.12.2019

01.02.2020 01.04.2020 01.06.2020

Figure 7. Temperature disturbances after subtracting the sum of seasonal variation harmonics at Maimaga and Tiksi stations
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Figure 8. Standard temperature deviations caused by planetary waves at Maimaga and Tiksi stations in 2015-2020

Day-to-day fluctuations in the oy, dispersion occur
synchronously at the optical stations, and at Tiksi station it
is somewhat (by ~1-2 K) higher than at Maimaga station.
The fact that the op, fluctuations at the stations located
approximately on the same meridian occur almost simulta-
neously is consistent with what is expected [Yigit,
Medvedev, 2015] and indicates predominantly zonal prop-
agation of planetary waves at approximately the same
phase velocity. Figure 8 exhibits planetary wave activity in
2015-2020 per month for the days on which simultaneous
observations were carried out. Planetary wave activity at
Tiksi station is by ~1.4 K higher than that at Maimaga sta-
tion, i.e. itis higher at high latitudes.

This finding argues for the latitudinal dependence of
planetary wave activity and is consistent with NDMC
network observations [Reisin et al., 2014].

CONCLUSION

The behavior of the parameter o, reflecting planetary
wave activity at Maimaga and Tiksi stations in 2015-2020
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has shown that oy, fluctuations at both stations occur
almost synchronously, and in Tiksi it exceeds that in
Maimaga. Planetary wave activity op, in Tiksi is on
average by 1-2 K higher than that in Maimaga. Annual
planetary wave activity opy year IN Tiksi exceeds that in
Maimaga by ~1 K in each individual season. In 2014—
2015 and 2018-2019, there are peaks of annual activity
Opw_year TOr Maimaga. In 2018-2019, annual activity
Opw,_year WaS also maximum for Tiksi. The total planetary
wave activity throughout the observation period opy (otal
was 6.87+0.12 K in Maiymaga and 8.25+0.20 K in
Tiksi. The results obtained indicate the latitudinal de-
pendence of PW activity, which is consistent with the
conclusions drawn from NDMC network observations.
The simultaneous fluctuations in o, recorded at the
stations, located approximately on the same meridian,
suggest predominantly zonal propagation of planetary
waves with nearly the same phase velocity. The relative
standard deviations of temperature Gpu/Tmonth_av Obtained
at Maimaga and Tiksi stations are close (~0.03) to 644/To
from Zvenigorod station [Perminov et al., 2014].
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