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A large body of experimental evidence lends credit to the existence of a close relationship between ionospheric parameters and the
underlying atmosphere. Vertical-incidence ionospheric sounding data and temperature measurements at stratospheric (30 km)
and mesospheric (80 km) heights have been used in investigating the interrelation between the occurrence of fluctuations with periods of planetary waves in temperature variations at diﬀerent heights and in F2 layer critical frequency variations (foF2) under low
solar activity conditions for the time interval 2006-2007. The distinctive characteristics of the manifestation of common periodicities of the wave structures under consideration are discussed. The statistically significant periods of stratospheric and mesospheric
temperature fluctuations vary from 11 to 49 days, whereas foF2 periodograms show higher-frequency fluctuations with periods of
5, 8, 9, and 10 days. The study revealed a similarity between periodic structures for the variations in the parameters involved.

1. Introduction
Research into ionospheric variability and its causes has
attracted considerable scientific and practical interest. The
chief causes of the variability and the basis for its forecast are
variations in the intensity of EUV radiation, solar wind, and
corpuscular fluxes and magnetosphere-ionosphere coupling.
It is the extraterrestrial control of the ionosphere, which is
known as coming from above. In recent decades, the idea
about the close relationship between ionospheric processes
and processes (primarily with the dynamics) in the lower
atmosphere was established and experimentally confirmed.
This implies that a part of ionospheric variability is caused
by atmospheric processes. It is called “eﬀect from below” [1–
3]. This eﬀect occurs through the generation, propagation,
and dissipation of internal atmospheric (planetary, tidal and
acoustic gravity) waves. These waves, together with electric
fields, can influence aeronomic processes in the thermosphere, electrodynamic drifts, and, as a result, ionospheric
electron density distribution causing changes in ionospheric
parameters which govern the operating conditions of radio
and telecommunication HF systems [4, 5]. Although it is well
known that planetary waves are incapable of propagating

directly up to the heights of the ionospheric F2 region
[6], several observations of planetary wave-type oscillations
(PWTOs) with periods (2–30 days) in parameters of F2region ionosphere were reported [7–12]. It was assumed that
magnetic activity and variations in winds in the lower and
middle thermosphere (MLT) play a key role in generation of
PWTO in the ionosphere [11, 12]. It has not yet been fully
ascertained whether the PWs penetrate from the lower atmosphere using tides which readily penetrate to ionospheric
heights, with their amplitude modulated by planetary waves
as a carrier or, alternatively, these oscillations are generated
directly within the F2 layer. Pancheva et al. [11, 13] suggested
that tides modulated by the planetary waves, and particularly
the semidiurnal tides which propagate freely upwards in
the thermosphere, are capable to transfer the PW eﬀect to
ionospheric levels. Planetary wave signatures, with periods
of approximately 16, 10, and 5 days, have been observed
at altitudes ranging from 30 km to 220 km over Halley
(76◦ S, 26◦ W), Antarctica [14]. The authors suggested there
is duct of the quasi 16-day planetary wave from stratospheric
midlatitudes to mesospheric high latitudes and a strong link
between planetary waves in the mesosphere and F2-region.
Mukhtarov et al. [15] investigated correlations: (i) between
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Figure 1: Variations of the F10.7 (a) and daily summary index of
magnetic activity Kp (b) during 2006-2007. The quiet level is shown
by a dotted line.

quasiperiodic variations of the sunspot numbers, solar wind,
Bz and Kp-index with periods of PW and the analogous
variability in the geomagnetic field, foF2, and total electron
content (TEC) and (ii) between the PWs mainly present in
the temperatures (20–120 km) with analogous variability in
the geomagnetic field, foF2, and TEC. They found that 18day wave observed in the F-region plasma (foF2, TEC) could
be allocated to simultaneous 18-day planetary wave observed
in the MLT region with large (∼70 km) vertical wavelength.
The observed oscillations with periods ∼9, ∼14, and ∼24–27
days were approved to be of solar origin.
The objective of this paper is to investigate wave
structure of temperature variations at stratospheric and
mesospheric heights and in variations of critical frequencies
of ionospheric F2 layer (foF2) over East Siberia during the
solar minimum period of 2006-2007. This period includes
few solar terrestrial disturbance events which furnishes an
excellent opportunity to study the influences of the processes
“from below” on ionospheric electron density variations.

2. Technique and Results
Figure 1 shows change of the flux of a solar radio emission
on a wave of 10.7 cm (F10.7) which is the index (proxy) of
solar activity. It is evident, that F10.7 does not exceed 110
(in units 10−22 W/(Hz·m2 ). Figure 1(a) plots the variations of
the daily summary index of magnetic activity, Kp. The dotted
line shows a quiet undisturbed level. It is possible to identify
several intervals characterized by higher magnetic activity
(March-April 2006 and December 2006) when moderate and
stronger magnetic storms were observed. Except for these
intervals, the levels of magnetic activity corresponded to
quiet or weakly disturbed magnetic conditions.

For the analysis we used variations of the atmospheric
temperature at heights of 30 and 80 km that corresponds to
level of pressure 10 hPa and 0.01 hPa, respectively. These data
were obtained by means of the scanning Microwave Limb
Sounder (MLS) installed aboard the EOS Aura spacecraft
[16]. The Aura EOS satellite is a part of the “A-Train”
mission. These satellites, intended for observation of the
Earth and situated on the orbits with close parameters, make
it possible to carry out unique comprehensive investigations.
They fly one after another above the same regions of the
Earth with an interval of 15 min and form the database
for creation of a common image of the global climate
changes. The satellites have a polar orbit (a period of
rotation is about 100 min with a height of 705 km). The
spatial coverage is almost global (from −82◦ to 82◦ by the
latitude). Vertical profiles are measured with an interval
of ∼25 s every 1.5◦ (∼165 km) along the orbital trajectory.
About 15 flies of the satellite are carried out during a
day. The MLS scans the Earth limb in the flight direction,
recording the microwave emission in five spectral bands
(at frequencies of 118, 190, 240, 640 GHz and 2.5 THz).
The data of MLS measurements are used for retrieval of
profiles of the chemical composition, relative humidity, and
temperature of atmospheric areas from the troposphere and
stratosphere up to the upper mesosphere as functions of
height of isobaric surfaces represented in hPa. The data of
MLS measurements are used for retrieval of temperature
profiles from the troposphere and stratosphere up to the
upper mesosphere as functions of height of isobaric surfaces
represented in hPa (http://disc.sci.gsfc.nasa.gov/Aura/MLS/).
The eﬀective range is from 316 to 0.001 hPa (about 9–92 km);
the accuracy in temperature measurements is 0.5–2 K; the
vertical resolution is about 3 km. The computer code is
devised, which enables obtaining the two vertical profiles
of temperature over given point using input parameters:
coordinates of point (latitude and longitude), distance to the
satellite orbit, and local time (day or night) depending on
ascending or descending satellite orbit. Analysis of the temporal and altitude temperature variations in stratosphere,
and mesosphere for the Irkutsk region (52◦ N, 104◦ E) over
the period from August 2004 to March 2008 has been made
by Chernigovskaya [17], and considerable diﬀerences of the
temperature regimes in the middle atmosphere for the summer and winter seasons periods were revealed. The distribution of temperature during 2006-2007 at heights of 30 and
80 km over Irkutsk region is shown in Figures 2(a) and 2(b).
To study wave structure in F region we used hourly values
of the critical frequencies (foF2), obtained at Irkutsk station
(52.5◦ N, 104◦ E) during 2006-2007. To order to eliminate the
main diurnal variation in this parameter we used deviations
of observed foF2 from sliding 27-day median (ΔfoF2). As
an example variations of ΔfoF2 during 2006-2007 relating to
midnight are shown in Figure 2(c).
The high-resolution spectral analysis method of the “correloperiodogram” was selected to determine the prevailing
periodicities in foF2 and stratospheric and mesospheric
temperatures. This algorithm devised by Kopecky and Kuklin
[18] was widely used in the studies of periodic processes
in atmospheric and ionospheric parameters [19–21]. The
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Figure 2: The distribution of temperature during 2006-2007 at
heights of 30 km (a) and 80 km (b) over Irkutsk: grey circles—day
temperature, triangles—night temperature and deviations of foF2
from median, concerning local midnight (c).
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validity of the resulting periodicities was verified from the
0.95 computer confidence level by using the Fisher test
method.
By applying the correloperiodogram method to a 2-yearlong series of temperature variation observations, it was
received that significant fluctuations with periods >15 days
were present in stratospheric temperature variations, and
there were no fluctuations with the periods <15 days. No
statistically significant periods of fluctuations were revealed
in mesospheric temperature variations for the interval concerned. It does not mean that the fluctuations with periods
of planetary waves may not exist in mesosphere. As shown in
[14, 22], waves with periods of 5–20 days must exist in the
mesosphere, but their amplitudes must be small compared
to the long-period waves, and therefore their amplitudes are
not significant. As far as the foF2 variations are concerned,
periodic structure is clearly pronounced: fluctuations with
statistically significant periods of 2, 3, 5, 9, 14, 16-17, 18-19,
22-23, 24-25, 28-29, and of more than 30 days were revealed.
Subsequently, in examining the seasonal features of the
occurrence of fluctuations with periods of planetary waves

Figure 3: Periodogram spectra of stratospheric temperature (a),
mesospheric temperature (b), ΔfoF2 (c) in the period range of 5–
50 days. Statistical significance level corresponds to R ≥ 0.3.

we used a so-called “dynamic correloperiodogram method”
[19, 20]. We generated time series of the same length
corresponding to the midday and midnight hours. Using
the “time window” involving 90 values (three months) with
a subsequent step of sliding equal to 5 days, we calculated
the periodograms. Thus 637 periodograms were obtained
for each parameter. Figure 3 provides the results from such
a dynamic periodogram analysis that was applied to time
series of stratospheric and mesospheric temperatures and
to deviations of critical frequencies corresponding to the
midnight hours. The statistically significant periods of 11 to
49 days were detected. The comparison to results in Figure 3
points out a diﬀerence between the characteristics of PWTO
in the ionosphere, the mesosphere, and the stratosphere. As
can be seen, in the stratosphere and the mesosphere the
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Figure 5: The occurrence of the wave oscillation with various
periods in the temperature and ΔfoF2 during 2006-2007: thick
line—ΔfoF2; thin line—the stratospheric temperature, dotted
line—the mesospheric temperature.
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Figure 4: Amplitude spectra, calculated in period range of 5–50
days for stratospheric temperature (a), mesospheric temperature
(b), and ΔfoF2 (c).

strongest wave activity occurs in the wintertime and has
periods above 25 days and more, while the strongest wave
in foF2 variations has periods of 8–27 days.
Figure 4 shows the oscillation amplitude with periods of
planetary waves in stratospheric and mesospheric temperature and foF2 variations. Maximum values of PWTO amplitudes in stratospheric temperature variations are observed
in the winter. With the increasing oscillation period, the
amplitude increases to reach 7-8 K in fluctuations with
periods of 25–30 days. Maximum fluctuation amplitudes
in mesospheric temperature variations are observed in
oscillations with periods of 40–44 days in the spring and
autumn and in oscillations with periods of 25–35 days in the
winter. The largest PWTO amplitudes in foF2 variations were
recorded during equinoxes.
For all years considered it was determined the number
of days during which the oscillations were detected. Figure 5

demonstrates the occurrence of wave oscillations of each
period. Four groups of fluctuations can be identified, namely,
16-day fluctuations (periods ranging from 13 to 19 days),
24-day fluctuations (periods ranging from 20 to 28 days),
33-day fluctuations (periods ranging from 29 to 35 days),
and 43-day fluctuations (periods ranging from 40 to 47
days). It can be identified the separate group of 10-day
oscillations (covering a range of periods from 8 to 12 days)
in foF2 variations. Fluctuations of the first and the second
groups occur more often in stratospheric temperature and,
especially, foF2 variations than do the others. But they are
rather uncommon in mesospheric temperature variations.
Fluctuations of the fourth group with periods >40 days are
dominant in mesospheric temperature variations.
In order to study the occurrence of wave oscillation of
diﬀerent groups, the probability of finding an oscillation of
these groups for a given month has been calculated as the
number of the oscillations found for corresponding month,
during two years considered, averaged by the total number
of these oscillations of the corresponding months of available
data. Figure 6 illustrates seasonal dependency of probability
of wave occurrence in parameters under consideration. The
16-day oscillations have maximum occurrence during the
first half of year in stratospheric temperature variation, and
in variations of mesospheric temperature during autumn:
winter, while during other months their activity is small or
almost disappears (e.g., in variations of mesospheric temperature). This result is a good agreement with those obtained
previously [21]. There is no marked strong seasonal dependence in foF2 variations the PWTO of 16-day period. There
is a trend towards increased wave activity during summer
[22]. The planetary wave type oscillation of 24-day period
is predominant during summer in variations of mesospheric
temperature. In variations of stratospheric temperature and
foF2 this wave appears during almost the entire year.
As for the oscillations with a period of 33 days, they
appear almost the entire year: in the mesospheric temperature, these waves often appear during the winter and
spring, in foF2 variations they occur during equinox, and in
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Figure 6: The seasonal dependence of the probability of wave occurrence: T30—in the stratospheric temperature, T80—in mesospheric
temperature, ΔfoF2—in critical frequency deviations.
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Table 1: Correlation coeﬃcients between occurring oscillations with periods of planetary waves in variation of the temperature parameters
and the ionospheric parameter for some periods.
16-day period

24-day period

33-day period

43-day period

K1,2 = 0.39

K1,2 = 0.59

K1,2 = 0.17

K1,2 = 0.918

K1,3 = 0.266

K1,3 = 0.166

K1,3 = −0.54

K1,3 = 0.39

K2,3 = −0.475

K2,3 = 0.398

K2,3 = −0.41

K2,3 = 0.34

The first parameter: the stratospheric temperature at 30 km; the second parameter: the mesospheric temperature at 80 km; the third parameter: the deviations
of foF2.

variations of stratospheric temperature their wave activity is
maximal during autumn equinox.
The seasonal dependence of occurrence of oscillations
with periods more than 40 day shows semiannual structure
the most pronounced in variations foF2.
It should be remarked that there is the seasonal dependence of occurrence of oscillations with period of 10 days in
foF2 variation. These oscillations seem to be present mainly
during both equinoxes, specially during autumn equinox.
For each of the selected groups of oscillations, we
calculated the correlation coeﬃcients between the number of
days of fluctuations occurrence during the year by months in
the variations of stratospheric temperatures with analogous
variations in mesospheric temperature and in foF2 with
regard to the >0.90 confidence level by the Fisher criterion
(Table 1).
It was seen that for 24-day and 43-day periods of
PWTO a statistically significant correlation between the
occurring oscillations in the stratospheric and mesospheric
temperature variations was found. In addition, we obtained a
weak correlation between fluctuations with a period of 18-19
days in the stratosphere with the 17-18 days fluctuations of
the electron density (r = 0.598). It indicates a few similarities
of wave structures revealed in stratosphere, mesosphere, and
ionosphere. The major similarity is the existence of the
wave activity in the stratosphere, the mesosphere, and the
ionosphere during winter. As shown in [8], 50% of PWTO
intensity in the F2 layer ionosphere occurs due to solar variability. Prominent variations of the solar origin occur with
about 27-28 days which is approximately the solar rotation
period and its subharmonics. It is possible that in the winter
this wave activity in F2 layer ionosphere may be enhanced
by the forcing upward propagating 18-day wave with large
vertical wavelength [15, 22]. But the solar influence may not
only produce a positive correlation between solar parameters
and ionospheric characteristics. Changes in the wind system
due to solar-induced changes in temperature and pressure
lead to changes in mass transport that can cause negative
correlation. Because of this, the question of atmosphereionosphere coupling by PW remains open. The complexity
of the possible relationships between the middle and lower
atmospheric parameters and the ionospheric characteristics
dictates a need for further investigation under national and
international programs using multidisciplinary approach,
based on continuous coordinated observations in order to
test the hypothesis that the planetary waves in the stratosphere and mesosphere have influence on the ionosphere.

3. Summary
The activity of the planetary wave-type oscillations in the
stratosphere, mesosphere, and ionosphere has been studied
using temperature variations at 30 km, 80 km heights and
F2-layer critical frequency variations (foF2) at Irkutsk (52◦ N,
104◦ E) under low solar activity conditions for the time interval 2006-2007. The spectral analysis of the wave structure
in the stratospheric and mesospheric temperature variations
and in the foF2 variations has revealed the existence of
fluctuations with periods of planetary waves, having diﬀerent
amplitude characteristics. These oscillations have periods
typical for planetary waves and their wave activity is the
strongest during winter. There is a considerable diﬀerence:
in the ionosphere the dominant periods are shorter than the
typical periods of planetary waves in the stratosphere and the
mesosphere.
In the stratosphere the maximum fluctuation amplitudes
are observed in oscillations with periods of 20–30 days
during winter. In the mesosphere maximum amplitudes are
detected in oscillations with periods of 30–35 days during
winter and autumn the and in oscillations with periods of
25–45 days in the winter. The largest PWTO amplitudes in
foF2 variations were recorded during equinoxes.
A statistically significant correlation between the occurring oscillations with the 40 days in the stratospheric and
the mesospheric temperature variations and between the
occurring oscillations with the period of 18 days in the
stratospheric temperature variations and in the variations of
foF2 was founded.
The obtained results are in agreement with those
obtained previously by other researches and provide additional information on oscillations with periods of planetary
waves in the stratosphere, the mesosphere, and the ionosphere over Eastern Siberia.
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