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It is shown, using results of direct numerical simulations, laboratory experiments, measurements in
the atmospheric boundary layer, in troposphere, in stratosphere, and the satellite infrared radiances
data that in many cases the temperature fluctuations in buoyancy driven chaotic and turbulent
atmosphere can be well described by the distributed chaos approach based on the Bolgiano-Obukhov
phenomenology. A possibility of analogous consideration of the atmospheric dynamics on other
planets (Venus, Mars, Jupiter and Saturn) has been briefly discussed using the data obtained with
the Phoenix lander and the radio and infrared observations.

I. INRODUCTION

At free convection the fluid or gas are driven by
the density fluctuations produced by temperature
(humidity) differences (see, for instance, Ref. [1]).
The mean flows in forced convection (especially with a
wind shear) can drastically change the fluid dynamics
and result in non-universality of the observed spectra
of the atmospheric temperature fluctuations. On the
other hand, one can expect that the free convection
can be characterized by universal types of the spectra.
Therefore, the atmospheric free convection can be used
for the fundamental studies of the buoyancy driven
turbulence. In many cases the universal types of the
spectra can be also observed in the buoyancy driven
convection despite presence of a considerable wind.

The deterministic chaos in the atmospheric motions
was also discovered on a simple model of free convection
[2] (see for a recent review Ref. [3]). In present paper the
deterministic chaos approach has been generalized on
the case with randomly fluctuating parameters and takes
the form of distributed chaos, that allows consideration
of thermal convection with large Rayleigh (Reynolds)
numbers typical for atmosphere. This consideration is
based on the Bolgiano-Obukhov phenomenology [4]-[7]
and supported by comparison with direct numerical
simulations, laboratory experiments and atmospheric
measurements in a wide range of the spatio-temporal
scales.

In Section II the free convection in the Boussinesq ap-
proximation and the Kolmogorov-Bolgiano-Obukhov ap-
proach for the inertial-buoyancy range have been consid-
ered both for unstable and stable stratification. In Sec-
tion III the Bolgiano-Obukhov spatial distributed chaos
has been introduced. In Section IV results of laboratory
experiments for large Rayleigh numbers have been dis-
cussed and compared with the predictions made for the
Bolgiano-Obukhov spatial distributed chaos. In Section
V these predictions have been compared with results of
measurements made in the atmospheric boundary layer
(over sea and land) and with results of measurements in

the Martian atmospheric boundary layer (using the data
obtained with the Phoenix lander). In Sections VI-VIII
the predictions have been compared with measurements
in the troposphere, tropopause and stratosphere for the
low-, mid- and high-latitudes bands. In Section IX this
approach has been applied to the spatial temperature
fluctuations in clouds. In Section X an analogous con-
sideration for the Venus’s, Mars’s, Jupiter’s and Saturn’s
atmospheres has been briefly discussed using the recent
observational data.

II. FREE THERMAL CONVECTION

The buoyancy driven convection in the Boussinesq ap-
proximation is described by equations [8]

∂u

∂t
+ (u · ∇)u = −∇p

ρ0
+ σgθez + ν∇2u (1)

∂θ

∂t
+ (u · ∇)θ = S

∆

H
ezuz + κ∇2θ, (2)

∇ · u = 0 (3)

where θ is the temperature fluctuations over a temper-
ature profile T0(z), p is the pressure, u is the velocity,
ez is a unit vector along the gravity direction, g is
the gravity acceleration, H is the distance between the
layers and ∆ is the temperature difference between the
layers, ρ0 is the mean density, ν is the viscosity and κ
is the thermal diffusivity, σ is the thermal expansion
coefficient. For the unstable stratification S = +1 and
for the stable stratification S = −1.

These equations at ν = κ = 0 have an invariant

E =

∫
V

(u2 − SσgH
∆
θ2) dr (4)

where V is the spatial volume (see, for instance, Ref.
[8]). It can be readily shown that presence of a global
rotation does not change the invariant Eq. (4).
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FIG. 1: Power spectrum of the temperature fluctuations at
Pr = 1 and Ra = 6.6 × 106 (onset of the convective turbu-
lence).

Corresponding generalization of the Kolmogorov-
Bolgiano-Obukhov approach for the inertial-buoyancy
range of the spatial scales [6] provides a relationship be-
tween characteristic temperature fluctuations θc and the
characteristic wavenumber scale kc

θc ∝ (σg)−1ε2/3k1/3
c (5)

where the generalized dissipation/transfer rate

ε =

∣∣∣∣∣d〈u2 − Sσg d∆θ
2〉

dt

∣∣∣∣∣ (6)

〈...〉 denotes spatial averaging.

When the buoyancy forces dominate over the inertial
forces (see for the stable stratification Ref. [6] and for
the unstable one Refs. [9]-[11]) one can use

εb =

∣∣∣∣d〈θ2〉
dt

∣∣∣∣ (7)

instead of the ε and then one obtains

θc ∝ (σg)−1/5ε
2/5
b k1/5

c (8)

instead of the relationship Eq. (5).

III. SPATIAL DISTRIBUTED CHAOS

For the bounded and smooth dynamical systems the
exponential frequency spectrum

E(f) ∝ exp(−f/fc) (9)

is usually associated with deterministic chaos (see, for
instance, Refs. [12]-[16] and Section VI).
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FIG. 2: Horizontal power spectrum of the experimentally ob-
served temperature fluctuations near the lower boundary at
Ra ∼ 1011.
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FIG. 3: The same as in Fig. 2 but near the middle of the
mixed layer.

For the spatial (wavenumber) domain this spectrum is
replaced by the spectrum

E(k) ∝ exp(−k/kc) (10)

(see, for instance, Ref. [12] and references therein).

In the buoyancy driven unstably stratified thermal
convection at the Prandtl number Pr = ν/κ ∼ 1
transition to turbulence occurs at the Rayleigh number
Ra ∼ 106 [17]. Figure 1 shows (in the log-log scales)
power spectrum of temperature fluctuations at Pr = 1
and Ra = 6.6 × 106 obtained in a direct numerical
simulation reported in Ref. [18] (the spectral data were
taken from the Fig. 11 of the Ref. [18]). Two branches
of this spectrum correspond to different number of the
Fourier modes: the upper branch to a small number
whereas the lower branch corresponds to the most of
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the modes. Therefore, the only lower one has a physical
significance. The dashed curve in the Fig. 1 indicates
the exponential spectrum Eq. (10). The dotted arrow
indicates position of the kc.

Transition to turbulence usually results in fluctuations
of the parameter kc. These fluctuations can be taken into
account by an ensemble averaging

E(k) ∝
∫ ∞

0

P (kc) exp−(k/kc)dkc ∝ exp−(k/kβ)β

(11)
The stretched exponential in the right-hand side of the
Eq. (11) is generalization of the exponential spectrum
Eq. (10). An estimation of the asymptotic (at large kc)
behaviour of the probability distribution P (kc)

P (kc) ∝ k−1+β/[2(1−β)]
c exp(−γkβ/(1−β)

c ) (12)

(where γ is a constant) can be made from the Eq. (11)
[19].

The Eqs. (5) and (8) can be considered in a general
form

θc ∝ kαc (13)

When θc has a Gaussian distribution [6] relationship
between parameters α and β

β =
2α

1 + 2α
(14)

follows immediately from the Eqs. (12-13).

For the Eq. (5) α = 1/3, hence β = 2/5 and

E(k) ∝ exp−(k/kβ)2/5. (15)

For the Eq. (8) α = 1/5, hence β = 2/7 and

E(k) ∝ exp−(k/kβ)2/7, (16)

Generally the parameter kβ has no direct geometrical
meaning, but sometimes it can be related to spatial scales
of the dominating coherent structures.

IV. LABORATORY EXPERIMENTS

In the paper Ref. [20] results of a laboratory sim-
ulation of atmospheric free (unstable stratification)
convection were reported. The experiment was per-
formed in water at Rayleigh number Ra ∼ 1011. The
convection chamber horizontal dimensions were 122 ×
144 cm with the depth 76 cm.

Figure 2 shows a horizontal spatial power spectrum
of the experimentally observed temperature fluctuations
near the lower boundary (the spectral data were taken
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FIG. 4: Four power spectra of the temperature fluctuations in
the atmospheric surface layer over sea at near free convection
conditions.
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FIG. 5: Power spectra of the temperature fluctuations in the
atmospheric surface layer over land at near free convection
conditions.

from Fig. 13a of the Ref. [20]). The dashed curve in
the Fig. 2 indicates correspondence to the stretched
exponential Eq. (15).

Figure 3 shows a horizontal spatial power spectrum
of the experimentally observed temperature fluctuations
near the middle of the mixed layer (the spectral data were
taken from Fig. 13b of the Ref. [20]). The dashed curve
in the Fig. 3 indicates correspondence to the stretched
exponential Eq. (16).
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V. ATMOSPHERIC BOUNDARY LAYER

A. Free convection

The Ref. [24] reports results of measurements of the
temperature fluctuations in the near free convection
(at unstable stratification) by a fixed probe over sea
surface (the height of the tower was ∼ 12m above the sea
surface). The weather was calm and the sea surface was
aerodynamically smooth. In the air the r.m.s. horizontal
velocity fluctuations were comparable to the wind gusts.
Results for four data sets obtained during a day were
reported: two with comparatively high temperature
fluctuations and two with low ones. Figure 4 shows
the four power spectra of the temperature fluctuations
corresponding to the four data sets (the spectral data
were taken from Fig. 1c of the Ref. [24]). These are fre-
quency spectra. However, in the case of free convection
the mean flow velocity U0, usually used for the Taylor
hypothesis [6],[12] relating f and k: f = U0 k/2π, can
be replaced by a characteristic velocity of advection by
the energy-containing eddies past the probe [21],[22]
(see also Ref. [23] and references therein) and we should
compare the observed frequency spectra with the spatial
(wavenumber) spectral prediction.

The solid straight line is drawn to indicate the ”-5/3”
power law for the strong fluctuations case [6], whereas
the curved solid line is drawn to indicate the stretched
exponential Eq. (16) for the weak fluctuations case.

The Ref. [25] reports results of measurements of the
temperature fluctuations in the near free convection
over land. The measurements were produced by ’Eddy-
covariance’ tower (at 2.29m height) and Sodar/RASS
system in the morning hours (from 07:35 to 08:40 UTC)
over a corn field. Moderate to high buoyancy fluxes
and a drop of the wind speed result in domination of
buoyancy over shear. The occurrence of large-scale
turbulence structures (plumes) were registered. The
free convection conditions occur at about 50 percent of
the 92 days of the measurement period. Figure 5 shows
power spectrum of the temperature fluctuations (the
sonic spectral data were taken from Fig. 6h of the Ref.
[25]). The dashed line is drawn to indicate the stretched
exponential Eq. (16) and the dotted arrow indicates
position of fβ .

B. Non-free convection

It is well known (although not well understood) that
the free-like convection behaviour can be often observed
under conditions which seem to be rather different from
the free ones.

Figure 6, for instance, shows power spectrum of
the temperature fluctuations airborne measured in the

-2 -1 0 1

-3

-2

-1

0

1

2

log
10

 kz

lo
g
1
0
E
(k
) 

  
a
.u

.

exp-(k/k
β
)2/7

k
β
z = 0.0029

FIG. 6: Power spectra of the alongwind-sampled temperature
fluctuations in the unstable atmospheric surface layer over
ocean.

0 1 2
-2

-1

0

1

2

3

log10 k   [rad/km]

lo
g

1
0
E

(k
) 

  
a

.u
.

exp-(k/kβ)2/7

kβ = 0.0633  rad/km

FIG. 7: Power spectra of the alongwind-sampled temperature
fluctuations over a flat and uniform land terrain with a large
upward heat flux.

Weastern Atlantic ocean at 50m level above the water
surface during cold air outbreaks [26]. The measure-
ments were made in near-shore areas of roll vortices and
cloud streets under considerable mean wind shear. The
alongwind-sampled spectral data were taken from Fig.
4 of the Ref. [26] (k is the alongwind wavenumber, z is
the height above the ocean surface). The wavenumber
was calculated using the Taylor hypothesis k = 2πf/Va,
where Va is the relative velocity between the aircraft and
air. The dashed line is drawn to indicate the stretched
exponential Eq. (16).

Figure 7 shows power spectrum of the temperature
fluctuations airborne measured in Eastern Colorado at
100m level above a flat, uniform and treeless land terrain
with a large upward heat flux (the alongwind-sampled
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FIG. 8: Power spectrum of the alongwind temperature fluctu-
ations observed in the Martian atmospheric boundary layer.
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FIG. 9: Vertical wavenumber power spectra of temperature
fluctuations for the troposphere: the low-latitude band.

spectral data were taken from Fig. 13 of the Ref. [27]).
The heat transporting eddies (thermals) were elongated
along the wind (the mean wind speed was ∼ 10 m/sec).
A cold front had passed over the area several ours earlier.

C. Martian atmospheric boundary layer

Main physical properties of the ’climate and meteo-
rology’ related to the Martian atmosphere turned out to
be surprisingly similar to those of the Earth atmosphere
(see for a review Refs. [28],[29]) and references therein).
Although the Martian atmosphere (consisting mostly of
CO2) is thinner than that of Earth the thermal (buoy-
ancy driven) convection processes in this atmosphere
are no less vigorous and substantial than those in the
Earth atmosphere. The main difference in this respect
is the strong influence of water (in different phases) on
the Earth’s atmospheric dynamics, whereas the dust is
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FIG. 10: As in the Fig. 9 but for the mid-latitude band.
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FIG. 11: As in the Fig. 9 but for the high-latitude site (Davis,
Antarctica).

the rather significant factor in the Martian atmospheric
dynamics. Therefore it is interesting to compare the
above results obtained for Earth with those available
now for Mars .

We have already seen in the Earth atmospheric bound-
ary layer (Figs. 6 and 7) that the free-like convection
behaviour can be observed under conditions which seem
to be rather different from the free ones. Figure 15 shows
power spectrum of the alongwind temperature fluctu-
ations observed in the Martian atmospheric boundary
layer by the Phoenix lander (the spectral data were
taken from Fig. 8 of the Ref. [30]). The measurements
were made at about 2 m height above the Mars surface
(k is the alongwind wavenumber, z is the height above
the surface, see the Ref [30] for more details). As for
the Fig. 6 the wavenumber was calculated using the
Taylor hypothesis k = 2πf/V , where V is the mean
wind speed. The dashed line is drawn to indicate the
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FIG. 12: Horizontal power spectra of the temperature fluc-
tuations in the lowermost stratosphere (near the tropopause)
over the South Pacific, for high dissipation rates.
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FIG. 13: As in the Fig. 12 but for small dissipation rates.

stretched exponential Eq. (16).

VI. TROPOSPHERE

Systematic studies of the tropospheric and strato-
spheric temperature variability were made by the
Australian Bureau of Meteorology over Australia and
Antarctica using high-resolution radiosonde measure-
ments . These measurements cover a longitude range of
78oE - 159oE and a latitude range of 12oS - 68oS and
were performed for the time period 1990-1993 years. In
the paper Ref. [31] results of a spectral analysis of the
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FIG. 14: Horizontal power spectra of the temperature fluctu-
ations in tropopause over North Atlantic.
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FIG. 15: As in Fig. 9 but for stratosphere.

data were presented and we have chosen three latitude
bands: Gove, Darwin (low latitudes), Wagga, Albany,
Adelaide (mid-latitudes), Davis (high-latitude site,
Antarctica) . The tropopause over Darwin is located
near 16 km whereas over Davis it is near 9km.

Figures 9-11 show the vertical wavenumber power
spectra of temperature fluctuations for the troposphere:
the low, middle and high latitudes, respectively (the
spectral data were taken from Fig. 6 of the Ref. [31]).
The dashed curve is drawn to indicate the stretched
exponential Eq. (16).
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FIG. 16: As in Fig. 10 but for stratosphere.

VII. TROPOPAUSE

It is known that the stratification is especially strong
in the tropopause inversion layer (see, for instance
Ref. [32] and references therein). In a recent paper
Ref. [33] a spectral analysis of the data obtained
during the long-distance flights over the South Pacific
near New Zealand (the DEEPWAVE experiment [34])
was performed. The measurements were made in the
lowermost stratosphere. Figures 12 and 13 shows the
horizontal power spectra of the temperature fluctuations
for high and small dissipation rates respectively (the
spectral data were taken from Fig.4b of the Ref [33]).
The dashed curve is drawn to indicate the stretched
exponential Eq. (16).

In another recent paper Ref. [35] results of an analo-
gous experiment over the North Atlantic were reported.
The measurements were made in the tropopause or
slightly above the tropopause region. Figure 14 shows
the horizontal power spectra of the temperature fluctua-
tions (the spectral data were taken from Fig. 6b of the
Ref. [35]. The dashed curve is drawn to indicate the
stretched exponential Eq. (16) (the Taylor hypothesis
can be used for transformation of the frequency spec-
trum into a wavenumber one) . It is interesting to note
that the data shown in the Fig. 14 were obtained for
the time period 18.19 - 19.18 UTC, whereas for the time
period 14.20 -15.00 UTC the spectral data shows clear
indication of the scaling k−5/3 spectrum (cf. Fig. 6a in
the Ref. [35] and Fig. 4 in present paper).

VIII. STRATOSPHERE

Figure 15 shows the vertical wavenumber power
spectra of temperature fluctuations for the stratosphere
at the low latitudes band (Gove, Darwin). The spectral
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FIG. 17: As in Fig. 11 but for stratosphere.

FIG. 18: The observation points along the vessel cruise (the
routine ozonesonde observational points are also added).
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FIG. 19: Vertical power spectra of the temperature fluctua-
tions in the lower stratosphere.
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FIG. 20: Vertical power spectrum of the temperature fluctu-
ations in the winter troposphere (over Illinois).

data were taken from the Fig. 6 of the Ref. [31] (cf.
Fig. 9 of the present paper). The dashed curve is
drawn to indicate the stretched exponential Eq. (16).
Figure 16 shows the vertical wavenumber power spectra
of temperature fluctuations for the stratosphere at the
mid-latitudes latitudes band (Wagga, Albany, Adelaide)
and Fig. 17 shows the vertical wavenumber power
spectra of temperature fluctuations for the stratosphere
at the high-latitudes latitudes band (Davis, Antarctica).
The spectral data for the Figs 16 and 17 were taken
from the Fig. 6 of the Ref. [31] (cf. Fig. 10 and 11 of
the present paper). The dashed curves in the Figs. 16
and 17 are drawn to indicate the stretched exponential
Eq. (15). One can see that, unlike for the troposphere,
for the stratosphere the spectral law is changing from
the Eq. (16) into Eq. (15) at the mid- and high-latitudes.

In paper Ref. [36] results of the 4 year ozonesonde ob-
servations in the lower stratosphere were reported. Mea-
surements were made over a latitudinal region 60oS-43oN
with a research oceanic vessel as a base. Figure 18 shows
the observation points along the vessel cruise in 1988
year (November and December). The additional points
correspond to the routine ozonesonde stations at Naha,
Kagoshima, Tsukuba and Sapporo. Vertical distribution
of temperature in the altitude range 19-27 km were mea-
sured.

Figure 19 shows vertical wavenumber power spectra
of the temperature fluctuations (averaged over all
observations). The spectral data were taken from Fig. 5
of the Ref. [36]. The dashed curve is drawn to indicate
the stretched exponential Eq. (15).

The spectral law Eq. (15) was also observed in the tro-
posphere. Figure 20, for instance, shows vertical power
spectrum of the temperature fluctuations observed in the
winter troposphere over the very flat terrain in central
Illinois using the several hundred balloons. The spectral
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FIG. 21: As in Fig. 20 but in the lower stratosphere.
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FIG. 22: Horizontal power spectra of the temperature fluc-
tuations at the cloud top interface for the dimensionless time
t = 3.

data were taken from Fig. 3 of the Ref. [37]. Figure 21
shows, for comparison, the power spectrum obtained at
the same conditions but in the lower stratosphere. The
spectral data were also taken from the Fig. 3 of the Ref.
[37].

IX. CLOUD TOP INTERFACE

The estimate Eq. (5) and, consequently, the spectrum
Eq. (15) can be also applied to a certain range of scales
and to certain areas of the clouds where the buoyancy-
inertial effects dominate over other physical effects. In
this sense the cloud top interface is of especial interest.
In recent paper Ref. [38] a direct numerical simulation
of mixing through an atmospheric warm cloud and
clear air interface, including collision and coalescence
of the droplets, was performed using a Boussinesq-like
approximation. The transient evolution of the cloud
top interface was studied with an initial mono-disperse
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FIG. 23: As in Fig. 22 but for t = 18.

cloud droplet population. Initial Taylor-Reynolds
number of cloud and air were taken as Reλ = 90 and
20 respectively. An unstably stratified temperature
profile was used in this simulation, and on the horizontal
plane the initial water vapour and temperature fields
were uniform. The buoyancy force was generated by
the variations of water vapour density and temperature.
The initial eddy turnover time was used in order to
obtain a dimensionless time for this simulation.

Figures 22 and 23 show horizontal power spectra
of the temperature fluctuations obtained at the top
interface for the dimensionless times t = 3 and t = 18
respectively (the spectral data were taken from Fig.
5f of the Ref. [38]). The dashed curves are drawn to
indicate the stretched exponential Eq. (15).

Already first NASA geosynchronous meteorological
satellite (SMS-1) provided the thermal infrared (10.5-
12.6µm) images which allowed estimate the cloud bright-
ness on the global scales. For these images the lower tem-
peratures correspond to higher intensity levels. There-
fore, for these images the colder tops of the clouds are the
dominant feature. Figures 24 and 25 show power spec-
tra of the fluctuations of the cloud brightness vs. plane-
tary wavenumber k for a mid-latitude zone (25-60oN) and
for an equatorial region (15oN-15oS), respectively . The
spectral data were taken from Fig. 4 of the Ref. [39].
The dashed curves are drawn to indicate the stretched
exponential Eq. (15).

X. ATMOSPHERE OF VENUS, MARS,
JUPITER AND SATURN

Although the Venus’s, Mars’s, Jupiter’s and Sat-
urn’s atmospheres are rather different from that on
Earth it seems that the thermal convection also plays
very significant role in their atmospheric dynam-
ics. Moreover, as we will see below, the same spectral
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FIG. 24: Cloud thermal infrared brightness fluctuations
power spectrum at the mid-latitudes zone (25-60oN).
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FIG. 25: As in Fig. 24 but for the equatorial region (15oN-
15oS).
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FIG. 26: Vertical power spectrum of the temperature fluctu-
ations in the Venus’s atmosphere.
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FIG. 27: Vertical power spectrum of the temperature fluc-
tuations in the Mars’s atmosphere in the altitude range of
3-20km.
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FIG. 28: As in Fig. 27 but in the altitude range of 15-32km.

law Eq. (15) can be applied to these atmospheres as well.

In paper Ref. [40] the vertical wavenumber spectra
of temperature fluctuations obtained for the Venus’s
atmosphere were reported. The data were obtained
during the Venus Express mission for the period from
July 2006 to June 2010 by the radio occultation method.

Figure 26 shows a vertical temperature power spec-
trum averaged over the latitude bands 90-75oS and
75-90oN in the altitude range of 65–80 km (the spectral
data were taken from Fig. 3 of the Ref. [40]). The
dashed curve is drawn to indicate the stretched expo-
nential Eq. (15).

In paper Ref. [41] the vertical wavenumber spectra
of temperature fluctuations obtained for the Mars’s
atmosphere were reported. The data were obtained
during the Mars Global Surveyor radio occultation
experiments from January 1998 to September 2006. A
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FIG. 29: Power spectrum for the mid-infrared thermal emis-
sion for Jupiter’s south polar atmosphere (k is the horizontal
wavenumber).
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FIG. 30: As in the Fig. 18 but for a narrow circular path
outside of the cyclones’ belt near Jupiter’s South Pole.

3.6-cm wavelength radio signal was transmitted by the
Mars Global Surveyor and received on Earth.

Figures 27 and 28 show a vertical temperature
power spectrum averaged over the latitude band 75-
45oS in the altitude ranges of 3-20km (the spectral
data were taken from Fig. 3a of the Ref. [41]) and
of 15-32km (the spectral data were taken from Fig.
4a of the Ref. [41]), respectively. The dashed curves
are drawn to indicate the stretched exponential Eq. (15).

The recent papers Refs. [42],[43] reported an analysis
of the data obtained with the Jovian Infrared Auroral
Mapper (JIRAM) onboard the Juno mission for the
Jupiter’s South Pole atmosphere. Figure 29 shows an
example of the power spectra for the mid-infrared (ther-
mal) emission for Jupiter’s south polar atmosphere (the
latitudes higher than 82o S). This region was dominated
by the polar cyclones. The cyclones are characterized by
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FIG. 31: Power spectrum of the stratospheric temperature
fluctuations for Saturn (k is the vertical wavenumber).

thick clouds. At the presence of a thick cloud cover the
JIRAM is sensible to the temperatures of the cloud top.
The spectral data for the Fig. 29 were taken from the
Fig. 11c (the upper curve) of the Ref. [42]. The dashed
line in the Fig. 29 indicates the stretched exponential
decay Eq. (15).

Figure 30 shows power spectrum for the mid-infrared
(thermal) emission obtained with the JIRAM for a
narrow circular path outside of the cyclones’ belt near
Jupiter’s South Pole. For this region the cloud cover is
thinner than that for the region dominated by the polar
cyclones and the winds have low speed. The spectral
data were taken from Fig. 2 of the Ref. [43]. The dashed

line in the Fig. 30 indicates the stretched exponential
decay Eq. (15).

In the Ref. [44] a power spectrum of the temperature
fluctuations in Saturn’s stratosphere was reported.
The temperature fluctuations were obtained for the
vertical temperature profile at 55.5o S latitude using the
NASA Infrared Telescope on Mauna Kea. The inverted
occultation method was used for this purpose. Figure
31 shows the power spectrum (the spectral data were
taken from Fig. 7b of the Ref. [44]). The dashed line
in the Fig. 31 indicates the stretched exponential decay
Eq. (15).

XI. CONCLUSIONS

The Bolgiano-Obukhov phenomenology appears to be
adequate for the atmospheric free convection in the at-
mospheric boundary layer (both over land and sea) when
it is considered in the frames of the distributed chaos
approach. Moreover, it can be also applied to the at-
mospheric data for the temperature fluctuations even in
some cases when the free convection conditions are not
satisfied and for the planetary scales when the winds can
be considered as a part of the planetary-scale thermal
convection. The Martian atmospheric boundary layer
and the higher levels of the Venus’s, Martian’s, Jupiter’s
and Saturn’s atmosphere can be analyzed in the same
way.
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