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Abstract—The ERA-Interim archive data and circulation calculations using a middle and upper atmosphere
model (MUAM) have been used to study dynamic processes in the middle atmosphere. Variations in zonally
averaged atmospheric characteristics have been analyzed based on observational data and model calculations.
In the middle atmosphere within a range of 10–30 days, synchronous temperature variations are observed
within zones extended horizontally and vertically. Horizontally, the sign of such variations changes in the region
of jet streams (and remains unchanged at the equator) and, vertically, their sign changes within the stratopause
and mesopause regions. The nature of these variations is almost independent of the phase of the quasi-biennial
cycle in the equatorial stratosphere. These variations are global in nature and similar to oscillations in merid-
ional circulation cells.
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1. INTRODUCTION
The low-frequency atmospheric variability within

periods of 10–30 days includes variations caused by
traveling Rossby waves, quasi-stationary waves associ-
ated with both orographic and thermal anomalies, and
nonlinear interactions [1, 2]. One of the most complex
dynamic phenomena in the middle atmosphere is a
sudden stratospheric warming (SSW) [3–5], during
which the polar vortex breaks down. In this case, in the
high latitudes, the air temperature may rise several tens
of degrees. Throughout almost the entire middle-
atmosphere thickness, zonally averaged meteorologi-
cal parameters (such as velocity, temperature, etc.)
that characterize the polar vortex dynamics signifi-
cantly vary and both thermal and baric anomalies
increase along latitude circles. One can morphologi-
cally represent the SSW as a result of the dynamic
interaction between the polar cyclonic vortex and one
or a few anticyclonic vortices in the middle atmo-
sphere [6].

The SSW is associated with intrinsic instabilities of
jet streams in the middle atmosphere [7–9] or with
external factors, such as stationary planetary waves
propagating from the troposphere, blockings, and dis-
turbances caused by convective processes in the trop-
ics [3, 6, 10]. However, it is unclear to what extent
these mechanisms are related, whether the SSW is, to

a greater extent, an explosive amplification of natural
oscillations in the middle atmosphere or a result of
external energy transportation and interaction of
waves and vortices with the mean flow.

Zonal averagings that make it possible to isolate
the life cycle of disturbances and study their relation
to external factors and background quasiregular
oscillations in the middle atmosphere are a conve-
nient diagnostic method of studying dynamic pro-
cesses. It is known that zonally averaged characteris-
tics vary within a wide frequency range (from sea-
sonal to diurnal variations) [11]. Such variations
within a period of 40–50 days are usually associated
with orographic excitation [12] and the Madden–
Julian oscillation [11, 13]; the 10- to 30-day interval
has been much less studied.

Current reanalysis archive data may be used in
studying oscillations in the stratosphere and lower
mesosphere. Model calculations are necessary to
study processes in the upper mesosphere and lower
thermosphere. To this end, a middle and upper atmo-
sphere model (MUAM) [15] was used in [14]. Such
calculations reproduced a lot of regularities in the dis-
tribution and dynamics of zonally averaged circulation
characteristics during SSWs at different phases of the
quasi-biennial oscillation (QBO) and the Madden–
Julian oscillation. It is particularly important that such
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model calculations make it possible to monitor exter-
nal factors that may generate not only quasiregular
oscillations in the upper atmosphere, but also explo-
sive processes of the SSW type.

The MUAM model and the scheme of numerical
experiments are described in Section 2. The QBO
effect was specified using an additional term in a prog-
nostic equation. Calculation results were compared
with the ERA-Interim archive data individually for the
western and eastern phases of the QBO in different lat-
itudinal zones and at different atmospheric heights.
Both trends and high-frequency oscillations were elim-
inated using moving average windows of 10 and 30 days.
In order to analyze the propagation of disturbances
both vertically and meridionally, the latitude–time
and height–time diagrams and the curves of cross-
correlation between variations in zonally averaged
velocity and temperature in different latitudinal zones
and at different atmospheric levels were plotted. Sec-
tion 3 gives the results of calculations of cross-correla-
tion curves on the basis of the ERA-Interim data and
model calculations. The degree of agreement between
observational and model data and the features of dis-
tributions of cross-correlation curves are analyzed.

2. DESCRIPTION OF MODEL EXPERIMENTS

2.1. Simulation Method

The three-dimensional nonlinear MUAM (within
a height range of 0–300 km) implemented on a grid of
size 5.625° in longitude and 5° in latitude and with
56 height levels [15] was used to simulate the thermal
regime and general circulation of the atmosphere. The
integration time step was 225 s. The last MUAM ver-
sion included a new parameterization of the effects of
orographic gravity waves [16] and new climatic distri-
butions of ozone [17] and water vapor in the tropo-
sphere [18], which take into account the longitude
dependence. The dimensionless log-isobaric height
x = –ln(p/1000), where р is pressure in hPa, is a verti-
cal coordinate of the model. The lower boundary con-
ditions at a level of 1000 hPa are the geopotential-
height and temperature distributions in January,
which take into account zonally averaged values and
stationary planetary waves with zonal wavenumbers
m = 1–5. The Japanese reanalysis (JRA55) data [19]
for the neutral phase of the El Nino–Southern Oscil-
lation (ENSO) according to the Multivariate ENSO
Index (MEI) were used to eliminate the influence of
the ENSO phenomenon in calculating the lower
boundary conditions.

The QBO effect was specified by an additional term
in the prognostic equation for the zonal velocity com-
ponent, which is proportional to the difference
between calculated and climatic distributions of zon-
ally averaged wind velocity values for the western and
eastern phases of the QBO. The additional term was
introduced within a latitude interval of 17.5° S–17.5° N
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
at heights of 0–50 km. The characteristic time of
“attraction” of the model zonally averaged f low to the
MERRA reanalysis data was 5 days.

2.2. Scheme of Numerical Experiments
Numerical experiments were carried out individu-

ally for the eastern and western phases of the QBO.
The length of each realization was 400 model days.
During the first 120 days, only a daily mean warming
of the atmosphere was taken into account. Daily
warming variations and an additional equation for
geopotential disturbances at the lower boundary of the
calculation domain were gradually introduced from
the 121st day to the 330th day. From the 331st day to
the 400th day (January 1–March 11), the calculations
were performed with consideration for variations in
the Sun’s zenith angle. Such a gradual introduction of
daily warming variations and the additional equation
on the 121st, 122nd, through the 130th days made it
possible to obtain the ensembles of the fields of hydro-
dynamic quantities, which consist of ten model reali-
zations calculated with different initial conditions.

2.3. Methods of Data Processing
Zonally averaged values of air temperature and

zonal wind component were analyzed and compared
based on model calculations and observational data.
Both trends and high-frequency oscillations were
eliminated using moving average windows of 10 and
30 days [21]. For a convenient comparison of varia-
tions within different latitudinal zones, time series
were normalized to the difference between maximum
and minimum values. Let us denote the zonally aver-
aged temperature and zonal wind component
(obtained after data processing) by Т* and U*, respec-
tively. Then both U* and Т* distributions were plot-
ted on the latitude–time and height–time diagrams.
These latter and the curves of cross-correlations
between U* and Т* variations within different latitu-
dinal zones and at different atmospheric heights were
plotted to analyze the propagation of disturbances
vertically and meridionally.

3. CALCULATION RESULTS
3.1. Horizontal Transport

Figure 1 gives an example of time variations in both
U* and Т* distributions at a level of 10 hPa (~30 km)
according to observational data for winter 2017 (on the
right) and model calculations (on the left) for one of
the realizations for the QBO western phase. The bot-
tom graphs show the variations in zonally averaged
temperature in the polar region. Two episodes of
stratospheric warmings are pronounced in late Janu-
ary and late February.

Good qualitative agreement is seen between model
calculations and observational data. In both cases, the
 Vol. 56  No. 4  2020
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Fig. 1. Latitude–time diagrams for the T* and U* distributions according to MUAM (on the left) and ERA-Interim (on the right)
data. The graphs (at the bottom) of variations in the zonally averaged air temperature in the polar region according to the MUAM
(on the left) and ERA-Interim (on the right) data.
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TEMPERATURE TEMPERATURE
15- to 30-day oscillations are of global character and
they are not limited by only the high latitudes of the
Northern Hemisphere. In the Southern Hemisphere,
the disturbances reach ~50° S according to observa-
tional data and ~70° S according to model calcula-
tions. Torsional oscillations propagating in the meridi-
onal direction are a portion of these disturbances. Such
torsional oscillations are well-pronounced within a lat-
itude interval of 30°–60° N according to both observa-
tional and model data. Transports between different
latitudinal zones are less pronounced in the T* varia-
tions; here, synchronous oscillations (in phase or anti-
phase) that occupy extended latitudinal zones domi-
nate. The T* variations are similar to temperature
fluctuations in convective cells with upward and
downward motions alternating in time. The boundary
IZVESTIYA, ATMOSPHER
lines of upward and downward motions coincide with
the average climatic position of jet streams.

The abovementioned features are characteristic of
all realizations of model calculations and observa-
tional data obtained in different years. This is sup-
ported by the correlation coefficients (see Figs. 2–9)
calculated with a shift of –40 to +40 days between time
variations in T* and U* within different latitudinal
zones at heights of ~30 km (Figs. 2–5) and ~55 km
(Figs. 6–9) and averaged over 10 model realizations
and the ERA-Interim data over years with different
QBO phases. The QBO phases were determined from
zonally averaged velocity values for the equator at a
level of 10 hPa. The chosen (for calculations) years
with the QBO western phase included 1993, 1995,
1997, 1999, 2002, 2004, 2006, 2008, 2011, 2014, and
IC AND OCEANIC PHYSICS  Vol. 56  No. 4  2020



DYNAMICS OF ZONALLY AVERAGED CIRCULATION CHARACTERISTICS 381

Fig. 2. (Top) Coefficients of correlation between T* (a, b) and U* (c, d) variations within different latitudinal intervals, which
were averaged over ten model realizations at a height of ~30 km. The left and right graphs correspond to the QBO western and
eastern phases, respectively. The dashed curve corresponds to the autocorrelation at the equator; the curves from light blue to dark
blue correspond to the coefficients of correlation between the equatorial zone (0° N) and latitudinal zones of 10°, 20°, 30°, 40°,
50°, 60°, 70°, and 80° N. (Bottom) Rms deviations in the correlation coefficients calculated over ten model realizations.
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2017 and the years with the QBO eastern phase
included 1994, 1998, 2000, 2001, 2003, 2005, 2007,
2010, 2012, and 2015.

On the left, the graphs correspond to the QBO west-
ern phase and, on the right, they correspond to the
QBO eastern phase. According to all realizations of
model calculations and the ERA-Interim data, during
both QBO western and eastern phases, the T* variations
within both middle and high latitudes are opposite in
sign to those in the low latitudes. The U* variations
within both low and high latitudes are more complex in
character: in the high latitudes, these variations are
shifted in phase with respect to those in the low latitudes
by approximately 5–10 days.

The bottom graphs show the rms deviations of the
correlation coefficients. The correlation coefficients
exceed the rms deviation within a shift interval of –10
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
to +10 days and the double rms deviation within a shift
interval of –5 to +5 days. This implies that the statis-
tical scatter in individual realizations is insignificant,
and the features of the dynamics of the disturbances
(which are shown in the diagrams) are characteristic of
all realizations.

The differences between the graphs of the correla-
tion coefficients at heights of 30 and 55 km are insig-
nificant. The basic feature of the T* variations is that
the anticorrelation of disturbances within both low
and high latitudes is the same at different heights
according to both model and observational data. The
evidence of the transport of disturbances in the merid-
ional direction is seen in the intermediate latitudinal
zones; however, these conclusions are not quite reli-
able, because the amplitude of such variations with
increasing shift most often does not exceed the rms
 Vol. 56  No. 4  2020
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Fig. 3. Same as in Fig. 2, but according to the ERA-Interim data.
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deviation. Note that the correlations between varia-
tions in different latitudinal zones are not limited by
only one hemisphere, which is supported by the dia-
grams given in Fig. 1 and the graphs of the correlation
coefficients given in Fig. 6. Figure 6 shows the distri-
butions of the coefficients of correlation between the
T* variations at the equator and those within latitudi-
nal zones of 80° N to 80° S at a height of ~30 km. The
correlation coefficients were calculated individually
for the winter–spring and summer periods. In winter
of the Northern Hemisphere, the graphs demonstrate
the already known T* anticorrelation between the high
and low latitudes. However, the air temperature varies
within a latitudinal zone of 0°–40° S synchronously
with its variations at the equator; i.e., its variations
cover both the Northern and Southern hemispheres.

In summer, such variations are also global; how-
ever, the character of their relations is different: syn-
chronous T* variations within a latitudinal zone of
~0°–40° N anticorrelate with T* variations within a
latitudinal zone of 40°–80° S. If the fact that, in sum-
mer, there are no sudden stratospheric warmings in
IZVESTIYA, ATMOSPHER
both the Northern and Southern hemispheres is taken
into account, one can state that the regularities found
in these variations relate to the background character-
istics of circulation in the middle atmosphere.

Unfortunately, the features of the filtering method
used do not make it possible to estimate the regions of
generation and propagation of oscillations. Normaliz-
ing time series to differences between maximum and
minimum values eliminates any information on oscil-
lation amplitudes in different latitudinal zones. In
order to fill this gap, at least, partially, we have ana-
lyzed latitudinal variations in differences between
maximum and minimum values in the time series of
zonally averaged temperature and velocity. If the time
series are limited by seasonal intervals, then the maxi-
mum and minimum values of the series will most
likely be neighboring or corresponding to one and the
same phenomenon; however, there remains some
probability that their maxima and minima correspond
to different events. The role of these differences
decreases in averaging over different years.
IC AND OCEANIC PHYSICS  Vol. 56  No. 4  2020
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Fig. 4. Same as in Fig. 2, but at a height of ~55 km.
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Figure 7 gives the graphs of latitudinal variations (at
a level of 10 hPa) in differences between maximum
and minimum time series of zonally averaged tem-
perature (dashed curve) and velocity (solid curve) over
140 days beginning from January 1. These graphs are
averaged over 20 years from 1997 to 2017. The curves
have characteristic inflections that are especially pro-
nounced in normalizing to the latitude-circle length.
Figure 7 gives the curves normalized to the latitude-
circle length for zonally averaged temperature (red)
and velocity (blue) reduced to latitude 40° N. One can
expect that, within latitudinal zones without intensi-
fied or damped oscillations, the normalized quantities
will be represented graphically in the form of straight
lines, and for zones in which oscillations intensify
(damp), the difference values will increase (decrease).
The graphs of rms deviations (thin lines) are plotted to
estimate the validity of the variations.

Analyzing Fig. 7, one can see that the high latitudes
with maxima at latitudes of approximately 70–80° are
a possible region of oscillation generation. This is eas-
ily seen in the graphs of the differences between maxi-
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
mum and minimum temperatures and in the graphs of
zonally averaged velocity variations. The variations
within this region exceed rms deviations and, thus,
they are most likely real. Within a latitudinal zone of
40°–60° N, the variation amplitudes have a second, less
pronounced maximum; a slight increase in the vicinity
of the equator; and a maximum within latitudes of 50°–
60° S, but only for zonally averaged velocity.

It should be noted that, unlike the troposphere, in
the stratosphere, variations in the zonally averaged
quantities are more difficult to interpret, because, in
winter, parallel with the polar vortex, one or a few anti-
cyclonic vortices are formed in both the stratosphere
and mesosphere. The interaction of these formations
determines the dynamics of circulation in the middle
atmosphere during SSWs. It is difficult to diagnose
this dynamics only on the basis of zonally averaged
values. Therefore, in addition, the Fourier series
expansions of values along latitude circles are usually
used. For comparison, Fig. 8 gives the graphs of the
differences in zonally averaged velocity (blue solid
curve) and temperature (red dashed curve) values,
 Vol. 56  No. 4  2020
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Fig. 5. Same as in Fig. 3, but according to the ERA-Interim data.
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Fig. 6. Distributions of the coefficients of correlation between T* variations at the equator and those within latitudinal zones of
80° N to 80° S at a height of ~30 km. The correlation coefficients were calculated individually for the winter–spring (on the right)
and summer (on the left) periods.
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which are similar to the graphs in Fig. 7, but for a level
of 500 hPa. It is seen that the amplitude of the varia-
tions in zonally averaged velocity and temperature is
smaller at this level than in the stratosphere. In this
IZVESTIYA, ATMOSPHER
case, maximum temperature variations and, to a lesser
degree, zonally averaged velocity variations are shifted
(when compared to the stratosphere) toward the mid-
dle latitudes. Maximum oscillation generation occurs
IC AND OCEANIC PHYSICS  Vol. 56  No. 4  2020
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Fig. 7. Graphs of the latitude dependence of the differ-
ences between maximum and minimum time series of zon-
ally averaged temperature (dashed curve) and velocity
(solid curve) over 140 days beginning from January 1 at a
level of 10 hPa. The curves normalized to the length of lat-
itude circles correspond to zonally averaged temperature
(red) and velocity (blue) reduced to latitude 40° N.
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Fig. 8. Same as in Fig. 7, but at a level of 500 hPa.
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at a latitude of approximately 40°, i.e., in the region of
a subtropical jet stream. In the Southern Hemisphere,
the amplitude of temperature variations increases
approximately to 50° S and then decreases. The ampli-
tude of zonally averaged velocity variations remains
constant to this latitude circle and, further south-
wards, also rapidly decreases.

Although the mechanism of exciting oscillations is
not clear, such an increase in the oscillation amplitude
in the subtropical jet-stream region in the troposphere
and in the vicinity of the polar vortex in the middle
atmosphere seems quite natural. In fact, both baro-
clinic and barotropic instabilities are most likely to
develop precisely in these regions, and it is in these
regions where the storage of available liable energy is
maximum. The character of the variations in zonally
averaged velocity and temperature makes it possible to
assume that their variations reflect natural global
oscillations rather than oscillations caused by local-
ized sources. This assumption relates to a greater
extent to circulation in the middle atmosphere than in
the troposphere.

3.2. Vertical Transport

The fact established on the basis of analyzed obser-
vational data is that, during SSWs, temperature distur-
bances propagate in a downward direction (from the
mesosphere to the stratosphere); in this case, the signs
of temperature variations for the mesosphere and the
stratosphere are most often opposite [4]. This feature
is supported by model calculations; moreover, it turns
out that the character of variations depends on the
QBO phase [14].

To analyze the vertical dynamics of the processes in
more detail, we have plotted the T* and U* distribu-
tions in the height–time diagrams within a latitudinal
zone of 60°–90° N for both the QBO western and
eastern phases. Figure 9 gives an example of the dia-
grams for two arbitrarily chosen realizations of model
calculations. The range of vertical levels covers the
stratosphere, mesosphere, and lower thermosphere.

In the mesosphere, the transport of disturbances in
a downward direction is easily seen in the T* and U*
distributions. In the stratosphere, one can see motions
in both downward and upward directions; however,
upward motions dominate in temperature and down-
ward motions dominate in zonally averaged velocity.
The character of motions is the same during both the
QBO western and eastern phases. Opposite signs of
temperature disturbances in the stratosphere and
mesosphere are the main feature of the T* distribu-
tions. This feature is observed in all realizations of
model calculations. Figure 10 shows the distributions
of the coefficients of correlation between time varia-
tions in T* (top) and U* (bottom) within a latitudinal
zone of 60°–90° N at different atmospheric heights
with respect to variations (at a height of 35 km), which
IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS 
were averaged over ten model realizations. The graphs
correspond to the QBO western (on the left) and east-
ern (on the right) phases.

In the graphs of the correlation coefficients, the
main feature of the distribution of T* variations is eas-
ily seen—their opposite character in the mesosphere
and stratosphere; moreover, in the mesosphere, the
shift of the correlation curves corresponding to differ-
ent heights implies the downward transport of distur-
bances for both the QBO western and eastern phases.
Within an interval of time shifts from –10 to +10 days
and from –5 to +5 days, the correlation coefficient
values exceed the value of rms deviation and doubled
rms deviation, respectively.

Figure 11 gives the T* and U* correlation curves
plotted according to observational data. Unfortu-
nately, the ERA-Interim archive data are limited by a
 Vol. 56  No. 4  2020



386

IZVESTIYA, ATMOSPHERIC AND OCEANIC PHYSICS  Vol. 56  No. 4  2020

ZORKALTSEVA et al.

Fig. 9. Vertical T* and U* distributions for the QBO western (on the left) and eastern (on the right) phases.
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Fig. 10. (Top) Coefficients of correlation (calculated with a shift of –40 to +40 days) between T* (a, b) and U* (c, d) time varia-
tions at different atmospheric levels with respect to those at a height of 18 km, which were averaged over 10 model realizations.
The left graphs correspond to the QBO western phase (a, c) and the right graphs correspond to the QBO eastern phase (b, d).
(Bottom) Rms deviations in the correlation coefficients calculated over ten model realizations.
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Fig. 11. Curves of correlation between T* and U* according to observational data.
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level of 0.1 hPa, so in Fig. 11 there are no anticorrela-
tions between temperature variations in the middle
atmosphere, which are characteristic of model calcula-
tions. However, an agreement up to a height of ~55 km
is easily seen between the correlation curves plotted on
the basis of model calculations and observational data.

4. DISCUSSION

An analysis of variations in the meteorological
parameters of the middle atmosphere showed the
presence of global oscillations in both zonally averaged
velocity and temperature according to the Era-Interim
archive data and model calculations. The scales of
oscillations along the meridian amount to tens of
degrees; there is agreement between oscillations devel-
oped in the Northern and Sothern hemispheres. The
vertical oscillation scale is tens of kilometers. The
oscillations change their sign in the region of jet
streams (and their sign remains unchanged at the equa-
tor). The sign of oscillations vertically changes within
the stratopause and mesopause; the oscillation period
is approximately 10–30 days. Torsional oscillations
propagating in a meridional direction are a portion of
disturbances. Such torsional oscillations are well-pro-
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nounced within a latitude interval of 30°–60° N accord-
ing to both observational and model data.

According to one of the most common points of
view, atmospheric oscillations are a result of both
baroclinic and barotropic instabilities, so they may
have a structure of the most unstable system eigen-
modes. To isolate such oscillations, the method of
analyzing equations via linear approximations was
proposed by Lyapunov [22]. Such an analysis results in
the normal modes of operators characterizing the
interaction of disturbances with a mean flow.

The first interpretations of the oscillations in the
middle latitudes were reduced to the projection of real
disturbances onto the Hough functions and spherical
harmonics that are the normal modes of zonally sym-
metric f lows [23–28]. However, the results of compar-
isons between normal modes and real disturbances
were not quite convincing.

The normal modes of differential operators
responsible for the interaction of disturbances with the
axisymmetric component and both mean-flow and
layer-thickness anomalies in a barotropic quasi-geos-
trophic model are compared in [26]. The normal
modes induced by meridional axisymmetric-flow gra-
 Vol. 56  No. 4  2020
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dients had the smallest increments and long oscillation
periods. The mean-flow and layer-thickness anoma-
lies increased the increments by almost an order of
magnitude. The characteristic time of the develop-
ment of instabilities was a few days and the oscillation
periods were from 10 days to a few tens of days; distur-
bances could propagate westward and eastward. The
periods, increments, and spatial structure of normal
modes were strongly dependent on the structure of
mean-flow anomalies and the parameterization of
turbulent viscosity.

The unstable normal modes of the climatic January
velocity-field distribution at a level of 300 hPa in an
evolutionary model with the linear Ekman attenuation
and fourth-order viscosity were studied in [27]. Calcu-
lations showed that the fastest growing mode had a
period of approximately 45 days and the characteristic
growth time was 6.8 days in the absence of linear
attenuation. During the half-period, the mode devel-
opment resembled the alternating introduction of
action centers with opposite signs over the Pacific and
Atlantic. One could see some similarity of the mode
obtained with the Arctic Oscillation and the propaga-
tion of alternating-sign disturbances from the pole
towards Central Asia.

Let us summarize the results obtained from the
studies of eigenmodes in hydrodynamic f lows. No
direct evidence of the existence of zonally symmetric
oscillations was obtained. It was found that normal
modes strongly depend on the form and amplitude of
mean-flow anomalies and viscosity parameterization.
However, in this case, some normal modes demon-
strated the dynamics whose features, being zonally
averaged, could be interpreted as the propagation of
torsional oscillations in a meridional direction and
changes in the sign of meteorological-parameter
anomalies within extended latitudinal zones. Thus,
despite the absence of direct evidence of the existence
of eigenmodes in large-scale f lows on the sphere
which have a zonal symmetry, one should not com-
pletely abandon this hypothesis.

However, another assumption, that the isolated
oscillations are a result of well-known low-frequency
normal modes propagating in a zonal direction east-
ward or westward, is more probable. Interacting with
zonal mean-flow inhomogeneities in the stratomeso-
sphere or in the upper troposphere, these modes may
generate secondary disturbances propagating in the
meridional direction and having periods corresponding
to normal modes. A high probability of such an inter-
pretation is supported by the fact that the model
includes the parameterization of the basic atmospheric
normal modes with periods of 5, 10, and 16 days
through the specification of additional warming
sources (localized in the troposphere), whose latitudi-
nal structure is specified using the corresponding
Hough functions [8].
IZVESTIYA, ATMOSPHER
Determining the spatial structure of meteorologi-
cal-field variations within a low-frequency range in
the middle atmosphere is particularly important in
interpreting the oscillations. To solve this problem,
one can use natural orthogonal function (NOF)
expansions (however, this method is not quite correct
because of formally mathematical conditions imposed
on the NOFs) or one-point correlations with time
shifts. Using these methods in the troposphere has
made it possible to discover so-called teleconnections,
the interpretation of which is still far from complete.
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