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. The concept of so-called meteorological control of the ionospheric D-region
i is presently undergoing development (see, e.g., TAUBENHEIM, 1983; DANILOV and
TAUBINHEIM, 1983). According to this concept the electron concentration in this
region is governed not only by solar and geomagnetic parameters (W, x, Ap,

etc,) but strongly depends on the temperature and dynam.cal regime of the meso-
sphere and stratosphere. The aim of this paper is to congider how the above
connection between D-region and meteorological parsmeters can be used to obtain
some information about middle atmosphere temperature and dynamics. For this
purpose it is worthwhile summarizing briefly the essential points of the
meteorological control concept.,

The best illustration of the meteorological control presents the well-known
phenomenon of Winter Anomaly in radio wave absorption (WA)., There are two
components of the WA. Average absorption, L, in the SW-band ir winter is higher
than that in swmer ("normal" WA compovent)., On some winter days ("anomalous"
days of WA) L is wmuch higher thsn on previous and following days. Since the
increase of L is due to the enhancement of electren concentration, [e), at
- altitudes 75-85 km (FRIEDRICH et al., 1979; OFFERMANN, 1979), WA provides a

T good example of [e] variations in the D region, which are not directly connected
with any changes in solar zenith angle X, solar or geomagnetic activity.
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Using a data bank of rocket {e} measurements, compiled by DANILOV end

LEDOMSKAYA (1983a), it was pointed out by DANILOV et al. (1982), that there is

one more difference in [e] behavior in the upper D region between summer and

vinter, If ve look to the electron concentration at fixed altitude in suxmer

there is nearly no day-to-day scattering of the data and the variation with x

is well pronouaced. In winter, however, even for undisturbed days (non-anomaly
. days) there is strong day~to-day scattering of [e]. This is illustrated in

Figure 1, where rocket data for 80 ko height taken from the above-mentioned data -
) bank, only for quiet geomagnetic conditions (Kp<4) and middle geomagnetic I

latitudes, arc presented.

To explain the effects of the neteorological control mentioned above one
should exmmine possible mechanisms of neutral atnosphere influence on the
electron concentration. The principal approach to the problem is rather simple.

The electron concentraticn in the upper D region is governed by the photo-
chemical equilibrium equation.

2
q = [e] L (1)
vhere q is the ionization rate and a.rr the effective recombination
coefficient, Thus changes in [e] can be due to variat
or both. To reveal the mechaniems of meteorological ¢
look for the dependence of q and ¢
strato-megosphere,

ions of either q, or Aoff
ontrol it is necessary to
of f o0 the meteorological cituation in the

It is widely known (MITRA and ROWZ, 19725 MITRA, 1974; DANILOV, 1975) that
the effective recombination coefficient depends on the positive ion composition:
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Figure 1. Electron concentration versus solar zenith
angle X at 80 km (DANILOV et al., 1982) for quiet
conditions (Kp < 4) and middle geomagnetic lati~
tudes (A = 30-52°).
a*(no+, 02"') + f+ u*(clust+)

@ g™ ¥ (2)

1+ f

£t being ‘an’ ion composition parameter, £t = [clustt}/(NO* + 0,%], and G*(N0+,
0.7), a*(clust™) the dissociative recombination coefficients for rormal and
clustered positive ions, respectively. Though the constants a* themselves
depend on neutral temperature as T™", with n = 0.5 to 1, the major effect on
the meteorological control through Grf is due to f  variations.

It was shown by DANILOV and SIMONOV (1981, 1982), that f+ has a well
pronounced seasoral variation: at fixed altitude f° is higher in summer than
in winter, and that this change of £t accounts for a variation of the effective
recombination coefficient, the latter being under quiet conditions in summer
1.5 to 2 times higher than in winter. This seasonal effect in a,¢¢ explains
the existence of the normal component of the WA (average [e] in quict conditions
being about a factor of 1.5 higher in winter than in summer).

The reason of f'seasonal variation is in the strong temperature dependence
of the formation rate of clustered ions (DANILOV and TAUBENHEIM, 1983;
SMIRNOVA et al., 1983). Reactions, leading to cluster ions, first of all the
reaction

+ + ot . N
NO* 4 N, + N, » KO H,+ N, 3)
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have an inverse temperature dependence, whereas most of the reverse reactions
destroying clusters have a direct dependence on temperature, As a result, the
net effectiveness of cluster formation from NOY ions p(no*) has a strong
inverse temperature dependencei Figure 2 from SMIRNOVA et al, (1983) shows the
life time, (xo?) = 1/8(n0t%), as a function of temperature according to ARNOLD

and KRANKOWSKY's (1980} ion composition data and to calculations based on REID'S
(1977) theoretical scheme. One can see, that the experimental and the
theoretical data fit each other and lead to a very strong temperatare dependence

of the type of B(HOY) « T-14,

!gtnm S
y

120 160 200 240
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Figure 2; Life-timg of NO'ions against clustering
( v(xo%) = 1/B(10")) versus neutral tempera-

ture. Points:data from in situ jon composition
measurements (ARNOLD et al., 1980), solid curve:
calculations, based on theoretigel scheme cf ion
transformation with (H,0) = 10_6(H), dashed
curve:same with (H,0) = 5 x 107°(M) (Smirnove

et al., 1983).

It is per:inent to stress here that such a strong temperature sensitivity

of cluster formation efficiency is a vital fact for the eristence of a strong oy

temperature control of the electron concentration.

Recently, the annual variations of the efficiency B of cluster ion forma-
tion were calculated using a theoretical echeme and temperatures from CIIA model
(SMIRNOVA et al., 1983). The results are shown in Figure 3 (curves) together

with values of B estimated from experimental data of ion

composition. As it is

seen from Figure 3, theoretical calculations based on CIRA podel well reproduce

the observed features of the annual behavior of B.

Sumzar B values are higher

than winter ones, the amplitude of summer—to-winter variations teing larger at

high latitudes.

The arrows in Figure 3 show variations of B if T is
the CIRA values. It is secn that these relatively small
rather strong effects in B, Further estimates show that
in sumner and winter produce rearly equal changes of £*.
variations in £ virtually do not influance a,¢f¢ (and so
so that o s g*(clust’). In winter (when ¢¥ 1g of the
effective recombination coefficient is very sengitive to

changed by +20° from
changes in T lead to

these B variations both
But in suamer the

{e]) because £+ >> 1

order of 1) the

¢t wvariations so that

changes in £+ induced by temperature variations would lead to [e] variations of

the order of factor 2 at middle latitudes and factor X in the auroral region.
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Thus, day-to-day variations of the electron concentration in winter meutionad
above can be accounted for in terms of day-to-day temperature variations in the
nesopause region, which are nuite able to reach 15-20°,  An essential point
should be stressed here. The difference in lhe ion composition between winter
and summer conditions leads to quite a differeat reaction of {c) to szall varia-
tione of the neutral temperature. So these variations would make nearly ro
effect in summer, but produce considerable day-to-day variations in winter.
During WA events usually a temperature increase is observed which is tesponsible
for the observed decrcase of f* during WA (see below).

_y
198,85

Figure 3. Annual variation of the effectivencss B of
clustered ion formation at 80 ka (Smirnova et al.,
1983). Dots: values of B, calculated from simuita-
necous data on electron concentration and ion composi-
tion. Solid and dashed lines: annual variation of

B at middle (% 40°) and high (% 79°) latitudca, re=-
spectively, calculated with detailed model of clustered
ions formation using the temperature from CIRA wmodel.
Arrows show the limits of B if 220° temperature devia-
tions from CIRA values are used in the calculations.

The role of the humidity variations on B values also has been considered
by SMIRKOVA et al. (1983). The curves in Figure 3 are calculated for
{H,0] = 107°[M). If the H,0 mixing ratio is enhanced to 5 x 107%, the
correspornding enhancement of B is higher in winter (about factor 4) and lower
in summer (factor 1.5-2),

Resuming, the above calculaticas show that the experimentally observed
seasonal veriations of the ion composition (which, as shown above. leads to the
systematic sumer-to-winter difference in the electron concentration) can be
accounted for by seasonal changes of the mesospheric temperature. The
reasonable assumption about the existeuce of day~to-day tomperature variations
of :20° explains the scatter of the le] data in winter, During WA events the
observed temperature enhancement can well account for the detected decrease of fV
and thus coantribute to the [e] increase, Atmospheric temperaturc is therefore
an important paramacter strongly influencing the upper D-region ionization-
recombination cycle through the channel:
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It is wvidely known that the principal ion production process in the upper
D-region in absence of solar flares and corpuscular intrusion is photciopisation
of nitric oxide molecules by solar Lyman-a enission. Since nitric oxide is not
practically produced in the midlatitude D-regiou, one may expect that the
influence of the chemical processes and the temperature on its concentration
should be rather weak. But [NO] should be very sensitive to chenges in strato-
wesospheric dynamics because it is transport proccsses that govern the nitric
oxide distribution in the D-region. The NO influence on the D-region behavior
is strongly confirmed by the fact that during WA cvents nitric oxide concen=
tration at 70-50 ko has been found to be nmuch higher than during normal days
(BERAN and BANCERT, 1981).

Calculations, bascd on rocket experiments in which [e] and the ion
conposition have been measured esinultaneously (DANILOV et al., 1982), also
show that in order to account for strong incrcase of [e] during WA cvents one
has to assume (in addition to the decrease of a .. due to decrease of £*) an
increase of (N0} up to a factor of 10. The same cstimates, on the other hand,
show no pronounced diffcrence between sverage q values for quiet summer and
wvinter days, which oeans, that for quiet conditions there is no regular scasonal
difference in [NOJ.

) The increase of nitric oxide concentration on some winter days giving rise

to WA events is the strongest known manifestation of meteorological influence on
the D region. Knowing the mechanisas of the influence, we would be able to get

informastion about the dynamices of the mesosphere and lower thermosphere from D=

region observations.

There are tvo main processtes which are able to supply HO to the mid-
latitude D-region: downward transport from the L region due to eddy diffusion
and mean motion, and equatorward transport of KO molecules from the high
latitude D-region, where those molecules are formed because of corpuscular
intrusion. Estimates show (LAUTER et al., 1976; DANILOV and LEDOMSKAYA, 1982),
however, that in order to get a sufficient effect on midlatitude [KO] through
the second process one has to have rather strong latitudinal gradient of [KO} of
about a factor 10 betwcen nid- and high latitudes, which does not agree with
satellite observations. Nevertheless, some correlation between [e] in the D-
region and equatorward horizontal circulation has been found (GELLER et al.,
1976; HESS and GELLER, 1978).

Thus, the main source of KO in the midlatitude D-region is downward trans-
port from the E-region, where KO molecules are produced in the ion reactioms.
Concentrations of nitric oxide at 70-90 km depend strongly on the value and the
vertical profile of the eddy diffusion cocfficient, K,. Figure & shows {no}
distributions calculated by DANILOV and LEDOMSKAYA (1983b) with various
assumptions about the K, profile. It is seen from Yigure & that by varying K,
in reasonable limits of 109-2x107cnis~! one can get any nitric oxide values in
the interval 100-107¢n-3, which means that one can account for any
experimentally observed NO variations includigg increase of {KO} by a factor 3-5
in WA conditigns. Not accounted for are only very high [KO]} values of the order
of 10°-107cmn™? reported by some authors during strong WA events. To explain
these values in terms of increased cddy diffusion one has to assume very high K¢
values above 2x107cnds~! which seem to be unrealistic. Further estimates show
that enhanced mean notions are effective in transporting [XO] molecules down-
wvard to the D-region, when turbulence is weak (K, low), but cannot provide
esgential input to HO downward {lux when Kt is high.

Therefore, turbulence provides the major dynamical mechanisms of
meteorological control, influencing nitric oxide distribution, thereby changing
the ion production rate q. Thus the eddy diffusion coefficient K, wight be in
principle corsidered as one of the "governing" meteorological parameters for
the D-region.
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Figure 4. Calculated nitric oxide profiles (DANILOV and
LEDOMSKAYA. 1982), using various values and vertical profiles
for cddy diffusion coefficient X_, Curves labelsd 1.2.3.4.9
are expoyen&i!} profiles with K (g0 kn) e 2 x 197, 1,2 x 10
1.8 x 10/ c’s » Tespectively. “In thece calculstions a con-
stant value of 0.5cm 5~1, respectively. Curyes 5,7,8 ape profiles
with mAx&mu? at 90 kn and X (50 km) = 2 x 107, 1,2 x 10 .

1.8 x 107 cus » respectively, In these calculations a
constant value of 0.5¢m ¢ vas accepted for the velocity of
the mean downward notion,

Un[ortunntely our knowledge about the turbulence regime in the niddle
atnosphere, its nature, sources (e.g., wave dissipation, wind shears),
characteristic scales, scasonal variations eic., is rather scarce. Valuable
information can be found from Bass-spoctronmeter measurements of the turbopause
level h_ (DARILOV o ale, 1979, 1980). 1In particular it vas found that h ,
supposed to be inversely proportional to K , is decreasing with the incredze of
the neutral temperature at 120 kn (pANILOV et al., 1979), This result initially
obtained for high latitude reasurerents, has recently been confimed for nid=-
latitude flights. It hag been interpreted by KALGIN and POKHURKOV (1981) as
confimation of the theoretical statement that the value of K, near the turbo-

pauee should be inversely proportions! to the temperature gtaéient between the
nesopause and the turbopause:

-1

K o* (dt/dh)HO-IZQ Knn,

If so, we can try to connect teaperature variations observed in WA events with
the suggested incresse of turbulence. 1In fact, terperatures at the nesorause
ievel during WA days are 20-50 K higher than during quiet days (e.g., OFFERMANK,
1979; OFFERMANN ot al., 1979), but there is no increase of T at turbopause
heights, sometimes even some decrease is detected. That means that on WA days
dT/dh at 80-120 yg is much lower than on normal days, which can account for
higher K‘ values and consequently for higher (KO] in the D-region. This con-
ception 1s schenatically illustrated in Figure 5,

Now, the very important question is for the causes of the above increase of
the tenperature, and whether this increase ie the reason for the enhancement of
turbulence as described above, or hoth temperature and K, variations are due to
the same initial source. This question js still open, but there is a strong
temptation to connect both facts with the dissipation of the wave energy in the
upper wesosphere. Unfortunately we etill know very little about the nechanisms
of wave propagation through the middle atnosphere, about the conditions of its
energy digsipation etc., so at the movent it is difficult even to identify thege
waves - internal fravity, or Planetary waves. But it secms worth mentioning :
(see €<8+s DICKINSON, 1968; CELLER, 198!) that the penetration of planctary
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Figure 5. Schezatic representation of the processes of NO transport on
norwsal and WA days.

vaves through the stratosphere is possible only during periods of west—to-east
sonal circulation, which take place only in winter. If that is so ond if
dissipation of the planetary waves causes the above effects in T and K , then
ve have at least an explanation why the Wiater Aromaly is observed during vinter
only.

Thus, all the above can be refermulated in terms of our initial task to get
information about the middle atmosphere from D-region observations, The regular
scatonal variations of electron concentration in the upper pD-region give a good
indication on the mplitude of sizmer-to-winter variation of neutral
tenperature, HMore detailed information, including vater vapor concentration,
can be obtained if both [e] and ion composition are measured together. Day-to-
day variationa in [e] (or L as the wore widely available parmieter) may provide
information about day-to-day changes in T. Days of anonalous winter absorptionm
shov that there is an incrcase of tamperature at cesopcuse heights and an
intensification of turbulence at 80-120 km. as well as an increase of nitric
oxide concentration in the mesosphere, and presumably an erhancement of wave
procestes, At the modern stage of our D-region studies the above relations can
be used to get more information about the character of tcmperature variations
and the nature and variations of the turbulence and wave procecsces.
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