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ABSTRACT

Provided that the mean zonal and meridional wind components are known the average
vertical velocity component and the momentum and heat sources of the mean meri-
dional circulation can be evaluated applying the steady state equations of the forced
mean circulation. Monthly meridional cross sections of pressure, temperature and wind
given by Groves (1971, 1969) have been used to determine the mean vertical motion
and the rates of momentum and heat changes which are required to maintain the
mean circulation as described by the cross sections in the region from 70-100 km
altitude. Naturally, the results completely depend on the empirical wind model chosen.
A striking feature of this model is the occurrence of mean meridional wind components
nearly as large as the zonal components. The strong mean meridional winds, often
ascribed to an insufficient amount of observations, implies large vertical velocity com-
ponents, which would lead to effects contradictory to the actual behaviour of the
atmosphere if the wind model were very inaccurate. Yet the calculated results cor-
respond with circulation processes postulated from various phenomena such as for
instance, the radio wave absorption of the lower ionosphere and seasonal composition
changes in the thermosphere. Therefore it is supposed that large mean meridional
velocities as given in Groves’ (1969) model on the whole reflect the behaviour of the
upper mesosphere and lower thermosphere. The resulting seasonal and spatial varia-
tions of the heat and momentum sources lead to the assumption that very effective
transport processes exist in the region between 70 and 100 km height and that they
are caused by fluctuations (for instance waves of different types) which cannot simply

be simulated by an eddy diffusion coefficient.

1. Introduction

In studies of the general circulation in the
lower atmosphere it is & well known method to
treat the mean meridional circulation as partly
forced by small-scale and large-scale eddy trans-
ports of momentum and heat. These transports
appear as additional sources (and sinks) be-
sides the heat and momentum sources of radia-
tion, friction, and other processes. For inves-
tigations of the upper atmosphere it is of great
interest to know the influence of eddy transports
on the observed average field of motion and
temperature. This study is concerned with the
atmospheric region from about 70 to 100 km.
In this region it is impossible to obtain the
characteristics of the large-scale eddy transports
in the same direct way as in the lower atmos-
phere by using e.g. daily weather maps. Hence
we have to look for indirect information on
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momentum and heat sources in the upper at-
mosphere. The steady state equations of the
forced mean meridional circulation as given by
Gilman (1964) reveal such information if they
are applied to the observed mean temperature
and velocity field of the upper mesosphere and
lower thermosphere. It is the aim of this study
to demonstrate that such an analysis can lead
to at least plausible results on the dynamics
of that region even if, compared with the lower
atmosphere, only a relatively small amount of
observations is available. The equations of the
mean meridional circulation are given in Sec-
tion 2. The influence of the different heat and
momentum sources is obtained as the sum of
the source strengths resulting from a mixture
of different processes some of which are absent
or inefficient in the lower atmosphere, for in-
stance chemical reactions, tidal and gravity
wave transports. It is an obvious but regrettable
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limitation of the proposed method that the ef-
fects of these processes cannot be separated.
Nevertheless, it will be informative to see the
temporal and spatial variations of the sinks and
sources and also the vertieal motion {Section 3)
and compare them with the seasonal and lati-
tudinal changes of some typical upper atmos-
pheric phenomena (Section 4). The limitations
of upper atmospheric data are outlined by
Murgatroyd (1969). The crucial point of the
intended analysis is the use of average meri-
dional velocities. In contrast to the mean
circulation in the lower atmosphere large aver-
age N-S wind components are found in the
region near the mesopause. The data given by
Groves (1969) and discussed in the following
sections show mean meridional components
nearly as large as the zonal components. This
is often thought to be the influence of standing
waves on the average values which are derived
from observations made at relatively few and
not uniformly distributed sites. On the other
hand, it cannot be excluded that the vertical
motion in the region from 70 to 100 km is more
prominent than at lower heights and thus al-
lows strong mean meridional winds. It should
be noted that the following analysis based on
the preliminary wind model of Groves (1969)
can only lead to preliminary results. In the last
section some arguments in favour of these results
and hence in favour of the gross feature of the
wind model used will be discussed.

2. Equations and data

The equations governing the mean circula-
tion have been derived and published by several
authors. In this paper the notation of Gilman
(1964) is used who refers to Saltzman (1961).

List of symbols

¢, ¢, A, p time, latitude, longitude, pressure as
independent variables

mean zonal and meridional wind
(positive W -~ E and S ~ N)
dp/dt, time and zonal average
mean temperature

radius of the earth

Coriolis parameter

specific heat at constant pressure
gas constant

mean molecular weight of air

U, v
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The dynamic stability
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are defined applying the zonal and time aver-
ages v and 7. In the following dynamical
equations all dependent variables on the left
hand side represent averages with respect to
time and longitude (8/04 = 0). If steady state
conditions (8/¢ = 0) and hydrostatic equilibrium
are assumed the zonal momentum equation,
the thermodynamic equation and the conti-
nuity equation are

ou
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G and H represent the sum of all momentum
and heat sources expressed as force per unib
mass and temperature change, respectively, and
include the contributions due to eddy trans-
ports, planetary, tidal and gravity wave trans-
ports and, possibly, other macroscopic transport
processes. The relative importance of these pro-
cesses is not yet known. Therefore we will
generally speak of fluctuation effects or pro-
cesses. The momentum source (@ > 0) or sink
(G < 0) can be written as

= 1 ] d
F — — (v’ cos’ @) — — (W w’)- (6)
acos” @ dg op

In this equation the bar indicates the zonal and
time average, whereas the deviation from the
mean (with respect to longitude and time) is
indicated by & prime. ' represents the mean
viscous frictional force per unit mass. In con-
trast to studies on the lower atmosphere fric-
tional effects due to turbulence (small-scale
eddies) should not be included in F. For in
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Fig. 1. Quasi-meridional cross section of the mean
zonal wind component in. m/s for 1 Jan. (northern
lat.) and 1 July (southern lat.) after Groves (1969)
with log p as ordinate. p is the pressure in N/m?
The heights indicated at the right hand side cor-
respond to the equatorial height of the constant
pressure levels. Positive winds are towards the east.

most investigations on transport effects above
the mesopause the small and large scale eddy
and wave transports are jointly treated as
“turbulent’’ diffusion because of the lack of
information needed for the separation of the
different processes. Thus the general expression
‘“turbulence’’ is somewhat misleading in the
work on the lower thermosphere. Furthermore,
it is not clear if the motion in that region is
turbulent in a hydrodynamical sense (Layzer
& Bedinger, 1969). From composition measure-
ments it can be concluded that viscosity effects
are much less important than those of the fluc-
tuations below about 100 km height. There-
fore the zonal momentum source G' can be re-
garded as a mere fluctuation parameter in the
lower thermosphere.
The heat source in eq. (4) is given by

Q )
H=——- ——— (v Tcosg)
¢, @COBQIP
R
- — (0’ T} + o' T (7)
D Mec,p

where @ represents mean diabatic heating rates
due to thermal conduction, radiation, chemical
reactions, and friction. Similar equations as for
the zonal motion can be obtained for the meri-
dional motion and the kinetic energy. In this
paper the analysis is restricted to the zonal
momentum equation (3) which does not contain
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the geopotential (because &/éA =0) and thus
enables the determination of a simple fluctua-
tion parameter for the atmospheric motion,
whereas the mean energy equation (4) reveals
additional information on temperature fluctua-
tions. The evaluation of G and H strongly de-
pends on the quality of the mean meridional
circulation data. It is assumed that the data
published by Groves (1969) can be accepted for
this purpose and that eqs. (3)-(5) can be applied
to them (cf. last section).

The wind data are given by Groves for dif-
ferent latitudes, heights, and the first day of
each month. Instead of height, pressure is used
in this study as the vertical coordinate. The
transformation of the original data from the
@, h-system to the ¢, p-system is done by means
of the pressure tables of Groves (1971). The
temperatures are also taken from this publica-
tion. Figs. 1 and 2 show the average wind com-
ponents « and v in January and July. It is as-
sumed that both hemispheres show identical
seasonal variations with a phase shift of 6
months (most observations are made in the
northern hemisphere and 1 January, south, re-
presents 1 July, north). Groves’ original tables
contain temperature and pressure values be-
tween 0° and 70° latitude up to 110 km height.
Values of the mean horizontal wind are given
for the region from 60 to 130 km. The latitude
range covered by wind data decreases with
increasing height. If averages are available up
to 70° lat. (wind in the region 60-85 km, T and
p up to 110 km) they are extrapolated to 90°
lat. assuming that the mean horizontal velocity
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Fig. 2. Quasi-meridional cross section of the mean
N-8 wind component in my/s, positive towards
north. 1 Jan./1 July. Compare the legend of Fig. 1.
After Groves (1969).



328

A. EBEL

Table 1. Ewvaluation of the wind component w normal to the isobaric surfaces (1 Jan., 40° lati-

tude)

p=pressure, h=height, I =static stability, w =dp/dt. Negative w means downward motion

ow

P h 1T Olnp o w
(Nm-?)  (km) (KmN-1)  (Nm~—2s71) (Nm—2s~1)  (em s71)
0.007 112.4 3.7 x 108 1.05 x 10-8 0.0 0.0
0.011 108.6 7.9 x 10~ 5.61 x 10-% 1.0 x 10-2 -0.7
0.017 105.3 1.7 x 10~4 1.38 x 10-7 5.3 x10-8 -2.2
0.027 102.2 3.4x10-*  2.36x107 1.4 %107 —34
0.042 99.3 6.2 x 10— 3.77 x 1077 2.8 x 10-7 —4.1
0.067 96.4 1.0 x 10-38 4.90 x 107 4.8 x 107 —4.5
0.105 93.6 1.6 x 10-3 6.89 x 10~7 7.4 x10-7 —4.3
0.165 90.8 2.7x10-3 1.10 x 10-¢ 1.1 x 10-¢ —-4.1
0.261 88.1 5.4 x10°3 1.64 x 10-* 1.8 x10-¢ -4.0
0.412 85.4 7.6 x10-3 2.44 x 10-8 2.7 x 10-¢ -39
0.649 82.6 1.2 x 10-2 3.94 x 10-¢ 4.1x10-¢ -3.8
1.02 79.9 2.0 x 10-2 6.30 x 10-¢ 6.4x10-8 -3.8
1.62 71.0 3.3x10-2 8.36 x 10-¢ 9.8 x10-¢ —3.8
2.55 74.1 5.2 x10-2 1.10 x 10-% 1.4 x10-3 -3.5
4.02 71.2 8.3 x 10-2 1.69 x 10-5 2.0 x 10-8 —3.3
6.34 68.1 1.4 x 10~ 2.32 x 10— 3.0 x10-8 -3.2

and the mean horizontal temperature and pres-
sure gradients vanish at the pole. Then the tempe-
rature and pressure are extrapolated up to heights
of 130 km applying the empirical formula of Wald-
teufel (1970) for the thermospheric vertical
temperature profile. The pressure between 110
and 130 km is calculated assuming a linear de-
crease of the molecular weight of the air from
28.96 at 90 km to 26.05 at 135 km. The extra-
polation is carried out to facilitate the numerical
treatment of the data. The results described in
the following section are only slightly affected
beyond 70° lat. and above the pressure level of
logp~ —1.7 (p in N/m?). Because of the un-
certainty of w above that level the analysis of
the velocity field is normally restricted to layers
below.

3. Results

The integration of eq.(5)iscarried outdown-
ward from the uppermost level where &w/op
can be computed and always starts with w, = 0.
This procedure evidently leads to large errors
of w near the upper boundary. Yet at lower
levels the contribution of the integration con-
stant o, to the computed w will considerably
decrease provided the actual w, is not to large

and o not too small (region of no vertical mo-
tion). An estimation of w, can be made by
means of the static stability I'. In eq. (4) the
rate of temperature change resulting from the
advection term is of the order of 10-¢ K/s
(v~30 m/s, AT~0.5 K per degree lat.}. If a
markedly larger value H, is assumed for the
rate of change due to vertical motion the first
term of eq. (4) can be dropped and a value w,
can be determined which will lead to H, at a
height where T is given:

HI
Wz r (8)
Applying this relation to the upper level where
the integration starts the maximum error made
by choosing w, = 0 can be determined introduc-
ing a reasonably large value of H,. The follow-
ing considerations are based on a value H, =
+10-% K/s or +86.4 K/day. In Table 1 an
example of the integration of dw/olnp = péw/op
is given. At the upper level 1/T"'=3.7 x 10~ N
K-t m-? and hence w, = + 3.7 x10-8 N m-2 -1,
This is the range in which w, can be chosen
provided |oT'| <|H,| and thus represents the
maximum error of the w values (fifth column
of the table). From the level p = 0.027 N m—?
(h =102.2 km) downward the error is less than
309% of the computed w and this percentage
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Fig. 3. Latitudinal variation of the mean velocity
component w (cm/s) normal to the isobaric surfaces
at heights of about 72, 85, and 95 km in the northern
hemisphere. Positive values represent upward mo-
tion.

value continually decreases as |w| increases.
Starting the integration at the level 96.4 km
(H,/T = +1.0x10-% N m~2 s-1) the error of w
would be less than 309 from about 90 km alti-
tude downward. Similar conditions as in the
case demonstrated in Table 1 are found at all
seasons and latitudes with two exceptions: (a)
At latitudes poleward of 50° the integration
has to start at lower levels because of the lack
of data above approximately 90 km altitude.
This leads to larger values of w, (~ £10-¢ N
m-2 5-1), (b) In regions where w~ 0 large abso-
lute errors have to be taken into account.
Fortunately, this only applies to a very small
fraction of the analysed data. In some of the
following figures dashed lines indicate the re-
gions where all values within the framework of
the applied model presumably exceed the error
of approximately 309%. Based on the above
considerations these regions are determined by
a simplified procedure: Below and at 40° lati-
tude the level is determined where |w | normally
exceeds a value of 5 x 10-7 N m~2s~! progressing
from upper to lower levels. At higher latitudes
a value of 5 x 10-% N m=2 s~* has been adopted.

The last column of Table 1 contains the
velocity component w (em/s) normal to the iso-
baric surfaces, computed from w. Further re-
sults for w are shown in Fig. 3 demonstrating
the latitudinal variation at three levels near
the solstices and equinoxes. Interpreting the
values of July and October formally as results
from the southern hemisphere one can say that
during the equinoxes the zones of upward and
downward motion are nearly symmetrically
distributed with respect to the equator. Re-
gions with downward motion above the meso-
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pause are found above regions with upward
motion below the mesopause and vice versa.
Near the solstices the antisymmetrical distribu-
tion of zones with downward and upward mo-
tion is obvious at the levels above the meso-
pause. The curve for w at 72 km height seems
to be composed of a symmetrical and an anti-
symmetrical part, the latter showing the well
known downward motion in the winter hemi-
sphere and upward motion in the summer
hemisphere. It is interesting to note that dur-
ing the winter, downward motion exists at all
heights between about 30° and 50° lat. and up-
ward motion between 5° and 20° lat. More de-
tailed information on the distribution of w with
respect to height and latitude can be obtained
from the cross-sections for the heat source H
(Figs. 5 and 6). The contour lines of H are
nearly identical to those of w (negative values
in regions of downward motion).

To demonstrate the predominance of the
dynamie stabiliby term in eq. (3) the momentum
sources are computed in two different ways.
Firstly, eq. (3) has been applied introducing @
from eq. (5). Secondly, ® has been replaced by
the value which is obtained from eq. (4) when
no heat sources are present. The results in Fig. 4
(40° lat., 1 Jan. and 1 July, curves o and b)

-20
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a2 s
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a k50
g |84
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L 78
04
L72
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r r v . - . |66
450 400 50 0 S0 100 W0 200xK07°mfs?
200 50 0 0 150 200 mAsd)
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G (40°N)
Fig. 4. Vertical profiles of the momentum source G
for 1 Jan. (1.1.), 1 April (1.4.), 1 July (1.7.) and
1 Oct. (1.10.) at 40° N. The horizontal scales repre-
gent momentum changes per unit mass and per
second (upper scale) and per day (lower scale). The
height indicated to the right corresponds to the
altitude of the constant pressure surfaces at 1 April.
Continuous and broken curves: Heat sources present.
Dotted curves b: Without heat sources. Pressure in

N/m?2.
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F4g. §. Quasi-meridional cross section for the source
strength H in 10~% K/s (or 0.864 K/d), 1 Jan./1 July,
p in N/m?. The right vertical scale gives the height
of the constant pressure levels at the equator.
Dashed lines indicate the regions with errors of, the
 integration presumably larger than 30 %.

clearly show that the accuracy of the values
for the momentum sources G is more dependent
on the accuracy of the mean meridional velocity
than on that of the vertical velocity component.
The equinoctial profiles of G {1 Apr. and 1 Oct.)
are calculated including o from eq. (5). It is
evident from the profiles that the layers from
about 70 to 100 km height at 40° lat. act as
heat sinks during the winter and change to heat
sources during the summer. A reversal takes
place somewhere near the equinoxes. The large
values of G may now justify the neglect of
oufot in eq. (3). A similar argument (large H)
holds for 87/at as can be seen from the following
results.

As already mentioned the heat sources H in
the upper atmosphere reflect the changes of
the vertical motion with respect to altitude,
" height, and season. H is very nearly symmet-
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Fig. 6. Distribution of the heat sources H (in 10-5
K/s) at 1 April/l Oct. Compare the text of Fig. 6.

Fig. 7. Seasonal variation of the heat source H (in
10-% K/s) at 40° N. The height scale (right hand
side) corresponds to 1 April. Pressure in N/m2.

rically distributed in the upper mesosphere
and antisymmetrically in the lower thermo-
sphere during the solstices (I'ig. 5). The transi-
tional region extends from about 75 to 85 km.
The absolute values are somewhat greater in
the summer hemisphere. Near the equinoxes
(Fig. 6) the distribution of H tends to be sym-
metrical in the whole region up to about 95 km.
Unfortunately, the change in symmetry above
100 km is based on less reliable date, so we must
dispense with the discussion of the implica-
tions arising from the seasonal asymmetry re-
garding temporal variations of other atmos-
pheric parameters. The seasonal changes of H
are shown in Fig. 7 for 40° N. The 12-month-
period is the predominant variation at all
levels. Comparing Figs. 5, 6 and 7 one finds
that a change of phase of the annual variation
oceurs between high and low altitudes above
about 85 km.

Later on some arguments will be given to
the effect that the main contribution to the
heat sources probably comes from transport
processes due to fluctuations caused by waves
or eddies. In the light of such an interpreta-
tion the upper mesosphere near 40° lat. is a
region from which heat has to be transported
throughout the year (negative H due to down-
ward motion below 78 km altitude, Fig. 7). The
location to which the heat is transported cannot
be identified by the method described in the
foregoing section, but is seems reasonable to
assume that the main transport is directed to
regions with positive H. In the case of hori-
zontal transport such regions are found in the
equatorial zone of the upper mesosphere and,
with the exception of the winter months, at

Tellus XX VI (1974), 3



HEAT AND MOMENTUM SOURCES OF MEAN CIRCULATION

high latitudes (Figs. 5 and 6). In the vertical
direction such regions are found in the lower
thermosphere from March to October. If ver-
tical transport takes place during the winter it
must penetrate the lower and/or upper boundary
of the analysed region because no layers with
positive H are present near 40° lat. In par-
ticular, the seasonal variation of such vertical
transports is of interest for the theory of upper
atmosphere dynamics. This will be seen in the
next section after discussing some indications
which may support the results on mean mo-
mentum and heat sources as derived from
Groves’ wind model.

4. Discussion and concluding remarks

The most convenient parameter for checking
the applicability of the empirical meridional
circulation model published by Groves (1969) is
the vertical velocity component. For we have
to see whether our results agree with other ob-
served phenomena and their theoretical—or
hypothetical—explanation which is often given
in terms of vertical motion. The only informa-
tion on mean horizontal winds which is not in-
cluded in the analysed circulation model comes
from the observation of noctilucent clouds. One
finds an average motion of 40-50 m/s towards
SW (Fogle, 1972; Schroeder, 1972) for summer
conditions near the mesopause at 50° to 60° N.
This agrees fairly well with the corresponding
average velocity of Figs. 1 and 2.

Observations of the radio wave absorption in
the lower ionosphere have a good spatial re-
solution and may provide us with more com-
prehensive arguments for the validity of the
results described in the last section. It is now
generally accepted that the absorption and
especially the winter anomaly of absorption
strongly depends on the dynamics of the lower
thermosphere, the mesosphere, and maybe the
stratosphere (Schwentek, 1968; Labitzke &
Schwentek, 1968; Gregory & Manson, 1969;
Sechrist, 1972). The winter anomaly is charac-
terised by an enhancement of the absorption
at middle and high latitudes during the winter
and is confined to the layer above about 85 km
(Lastovi¢ka, 1972). Regarding the latitude de-
pendence between 30° and the polar region one
finds a clear antisymmetry with respect to the
equator with increasing absorption values to-
wards the polar region in the winter hemisphere

Tellus XXVI (1974), 3
22— 742892

331

and decreasing values in the summer hemi-
sphere.

Below the mesopause the absorption behaves
quite normally with a maximum in the summer
and a minimum in the winter caused by the
variation of the suns ionizing radiation. Similar
differences between the layers above and below
the mesopause are found for the change of the
vertical motion (Fig. 3). Above 85 km and at
latitudes || > 30° downward motion appar-
ently corresponds to the anomalous absorption
regime and vice versa. The equatorward bound-
ary of the anomaly appears as the region of
reversal from downward to upward motion.

From Fig. 3 a trend to upward motion in the
summer hemisphere and downward motion in
the winter hemisphere is obvious at all levels.
Sueh a circulation system has been postulated
by Kellog (1961) to explain the warm winter
mesopause and cold summer mesopause. Ver-
tical motion influences the composition of the
thermospheric gas mixture by generating de-
partures from diffusive equilibrium eonditions
and/or causing seasonal changes of the composi-
tion near the so-called turbopause. Therefore
circulation systems similar to that derived in
Sect. 3 and extending to layers above the
analyzed region have often been used for the
interpretation of the seasonal anomaly of the
ionospheric F-layer (anomalous large electron
density in winter at middle and high latitudes,
cf. e.g. Yonezawa, 1959) and are now widely
adopted as a possible explanation of the thermo-
spheric winter Helium and summer Argon bulge
over the polar caps (e.g. Johnson & Gottlieb,
1970).

A most interesting support for the analysis
carried out in this paper comes from theoretical
considerations of Volland & Mayr (1972) on
thermosphere dynamies. They derived predomi-
nantly antisymmetric wind cells for solstice
conditions and symmetric modes for equinoctial
conditions. Comparing their results with the
vertical motion shown in Fig. 3 one can inter-
prete the curves for January/July above the
mesopause as superposed wind cells, one ex-
tending from the summer pole with an upward
flow to the winter pole with a downward flow
(mode 1) and the other three situated between
40° S and 40° N (presumably mode 5, i.e. five
wind cells between the poles). During the
equinoxes the symmetric mode 4 (four cells) is
the prevailing mode in the lower thermosphere
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Fig. 8. Vertical profile of the heat source H at
1 Jan. (1.1.), 1 April (1.4.), 1 July (1.7.), and 1 Oct.
(1.10.). Latitude 40° N. H in K/s (upper scale) and
K/d (lower scale); heights at the right hand side of
1 April. The dotted curves show the radiative tem-
perature change derived by Kuhn (1969, 1971) for
winter (W) and summer (S) conditions assuming a
CO, relaxation time of 2 x 10-% s (STP).

according to Fig. 3 (w Apr./Oct.). Several dis-
crepancies between the theoretical and empirical
results will be found, for instance the position
of the wind cells or a slight antisymmetry during
the equinoxes. Yet they are of minor importance
regarding the principal similarities. At the end
of Sect. 3 it was suggested that seasonal varia-
tions occur in the seasonal heat transport in the
layer between 70 and 100 km altitude. The
theory of thermospheric density variations is
based on time variations of the energy sources
one of which is thought to be the atmosphere
below the mesopause. It is therefore interesting
to note that the period during the winter when
the energy flow from below into the thermo-
sphere is probably best developed at 40° lat.,
corresponds to the period when the thermo-
spheric density maximum of the annual varia-
tion is observed. Similar considerations hold for
the semiannual density variation regarding the
heat sources in the region from 70-100 km alti-
tude at low latitudes.

Supposing now that the empirical circulation
model of Groves (1969) leads to at least qualita-
tively correct tesults on the heat and momentum
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sources we can look for processes which may
explain the seasonal and latitudinal variations
diseribed in Sect. 3. From the work of Kuhn
(1969, 1971) it follows immediately that radia-
tive processes, which essentially influence the
heat balance of the lower thermosphere, cannot
themselves produce the calculated distribution
of H in Fig. 5 where regions with sources and
sinks are found above 90 km. The calculations
of Kuhn only yield negative rates of tempera-
ture changes in that region. The disagreement
between these rates and the heat source H is
demonstrated in Fig. 8, for summer and winter
conditions including equinoctial H-profiles for
comparison. For instance, positive rates are
found by Kuhn below the mesopause whereas H
is always negative due to downward motion
in this special case. The theoretical values are
probably too small above the mesopause (Kuhn,
personal communication). But revised model
parameters will not remove the apparent dis-
crepancy. Similarly detailed comparisons are
not possible for other diabatic processes (e.g.
chemical heating). Also, they can probably not
explain the variations of H. So it must be con-
cluded that ‘“‘fluctuation processes” essentially
contribute to the heat fluxes. That these pro-
cesses can by no means be simulated by a
simple eddy diffusion coefficient K can easily
be proven by means of the momentum source
G which implies fluxes against the gradient of
momentum and thus leads to negative eddy
diffusion coefficients in many cases. Regarding
this coefficient K as a small-scale eddy para-
meter, one may infer that large-scale fluctua-
tions, e.g. atmospheric waves, cause the most
effective transports of heat and momentum in
the upper mesosphere and lower thermosphere.
(For a more detailed discussion c¢f. Murgatroyd,
1971.) As long as we do not know the actual
transport processes indicated by the mean
circulation we are far from understanding the
atmosphere between the mesopause and so-
called turbopause.
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NCTOYHUKU TENJA 1 UMITYJBbCA CPETHEN HNUPKVJIALUN HA
BBICOTAX 70-100 KM

Hcnonpsya cranuoHapHBE YPABHEHHUA BHIHYK-
JeHHOM cpemHedl NUPKYIALHU, MOMKHO OLECHUTL
CPEemHIOI0 BEPTUHAIbHYI0 KOMIIOHEHTY CKODOCTH,
HCTOUHHKM HMOyIbca U Tellla cpefHelt mepu-
AHOHANBHON IHUDPKYJIANUH NpPH YCIOBUM, UYTO
CpefHAA BOHANbHAA ¥ MEDPHAWOHAJIbHAS KOM-
IMOHEHTHL BeTpa u3BeCTHH. VCmoib3oBaHHLIE
CpefHNe MePHANOHAIbHEE Paspes:H [aBJIEHHHA,
TeMImepaTypel u Berpa mo I'poscy (1971, 1969)
MO3BOININ ONpPEAeNnTh CpefHee BePTHKAIBHOE
IOBMKEHHE, 4 TaKKe CKOPOCTH HN3MEHEHHA uM-
MyJbCca M Temua, TpeGyeMble AAs NOANED:KAHUA
cpenuell LMPKYJIANNM, NOpeacTaBiedHoli pas-
pesaMu Ha BeIcOTax 70-100 xar.

EcrecTBeHHO pe3ynbTaTeHl IOJHOCTHIO B33BH-
CAT 0T BHOPaHHOM 9IMIEPIYECKOll MOZeaN BeTpa.
VauBuTenbHON 0COGEHHOCTBIO ATOM MOumeaw
ARJIAETCA HANWYUE CPEJHUX MEePUAMOHAJILHBIX
KOMIOHEHT BeTpa IOYTH CTOJb ke OGOJbINX,
KaK J 30HAJbHBIE KOMIOHeHTH. CHiIbHEIE Ccpef-
HHE MepHMAMOHAJbHHE BeTPH, YACTO IIPUIIUCH-
BaeMble HETOCTATOYHOMY KOJUUeCTBY HaOIoOne-
Hul, TWOApasyMeBaloT GOJIbINNE BEPTUHKAIbLHEIE
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CKOPOCTH, YTO MOKET NpuBecTH K addexrram,
NPOTHBOpedaluM OGEIYHOMY IIOBefleHMIO aTMO-
cepsl, ecam MOAeNlb BeTpa OYeHb HeTOYHAA.
Bee e pesyubrarsl BHUUCIEHH COOTBETCTBYIOT
IMPKYJIANUOHHLIM IpPOLEeccaM, KOTOpHe NoH-
CKa3BIBAIOTCA PasiMYHBIMK  ABJIEHHMAMY, Ta-
KUMM, HaIpHUMep, KaK INOTJOIeHNe pPaguoBOIH
B HIMKHeHl uMoHOcdepe U Ce30HHEe U3MEHEHWH
cocraBa Tepmoceps. IloaTomMy MomHO mpen-
TMOJIOMUTb, 4YTO OONBIIME CpefHHMe MepUAMo-
HaJbHEIEe CKOpocTH B Mojean I'poeca (1969) B
IeJIOM OTparkaloT IOBeJeHNe BepPXHell Mes0-
chepel M HmkHeli TepMocepH. BriTekaomue
U3 MOJeNM Ce30HHBHE U IPOCTPAHCTBEHHBIE
U3MEHEHNd MNCTOYHNKOB Temda ¥ WMIYIbCa
NPUBORAT K JONYILIEHUIO, YTO HA BHCOTAX
70-100 xm OCYmWeCTBAAIOTCA OYeHL WHTEHCHB-
HHle TIPOIECCH TIePeHOCA, BHIBHBAEeMEe (IYyK-
TyaldAMH (HanpuMmep, BOJHAMU pasIWYHBEIX
TUIOB), KOTOpHE He MOTYT OHTh OIHCAHBI
npocTo Koaddunuenramu TypOyneHTHOHR mud-
Pysun.



