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FOREWORD

The Internstionsl Symposiun on Ground-Based Studies of the Middle
Atmosphere vas held at Schverin, German Democratic Republic, frou May 10 to 13,
1983. It wvas organized by the Academy of Sciences of the Geman Democratic
Republic, and hosted by its Central Institute of Solar-Terrestrial Physics
(Heinrich Hertz Institute) under the direction of Prof. Dr. W. Mundt,

The aim of this synposiun vas to point out the valuable contribution which

. ground-based investipations, with their particular capabilities for long-tem
continuous monitoring of atmospheric processes and paraneter variations on
various time scales, can render to the scope of the Middle Atnosphere Program.
We believe that the sycposiun has well served its function to provide a useful
forum for the exchange of ideas, resulte, and experiences, and t¢ sid the nutual
stimulation between ‘meteornlogical® and 'aeronomical' approaches to the
problems of the niddle atrmosphere.

Ve vish to thank the GDR National Cocmittee on Geodesy and Geophysics and
. the international organizations that co-sponsor the symposiun: The Scientific
Cormitiee on Solar-Terrestrial Physics (SCOSTEP), the International Association
of Geomagnetism and Aeronomy (IAGA), and the Conmittee on Space Research
¢ (COSPAR).

The volume contasina the extended abstracts of almost all of the 16 invited
and 28 contributed papers prescnted at Schwerin. We would like to thank the HAP
Publications Comnittee with its chaimman, Prof. C. F. Sechrist, Jr., for
providing the possibility to publish this report as a volune of the landbook for
MAP. The assistance of Belva Edvards, Penny Roth, and Edward Lovckamp in the
production of this voluze is gratefully scknowledged.

8 J. Taubenhein c
Chaiman, Prograz Committee eand Editor N
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NEUTRAL ATHOSFHERE PROPERTIES DETERMINIKG D-REGION ELECTRON DENSITIES

J. Taubenhein

Acadeny of Sciences of the GDP
Central Institute of Solar-Terrentrial Phyrics
(Heinrich Hertz Institute)
DDR-1199 Berlin-Adlershof, GDR

A rather large number of papers of this syoposium is devoted to the iono=

spheric D region, which is situated pear the upper boundary of the wmiddle
atmosphere. Thie has a historical root, as it was the phenomenon of D region
tyinter anomaly', first discovered by Sir Edward Appleton more than forty years
ago, which gave the first impulse to look for seasonal meteorological
peculiarities of the middle atmosphere. Up to now, however, the number of
festations of peteorological control of the D region ijonization
(sec, e.g., TAUBENHEIM (1983)), as well as the arsenal of cxperimental
techniques, including very efficient ground-based ones, for its measurement have
steadily grown. This is a permanent challenge both for geronomers and for
meteorologists to test their insight into niddle atmosphere processes with the
physical interpretation and evaluation of the phenomena of the D layer.

various mani

For investigating the meteorological control of D region jonization, the
height region between 75 znd 85 km is particularly appropriate. At these
altitudes, ion production is almost exclusively due to photoiouization of the
minor atmospheric constituent nitric oxide (XO) by qunsi-monochromntic solar
Lyman-alpha (La) radiation, so that the equilibriwm formuls for the electron
density, N, in this case takes the simple form

Nt - G,0¢ ! o, By Igu exp(-1), (1)

where Oqff¢ is the effective recombination coefficient, 0j and oy, 8re the
ionization cross section and number density of nitric oxide, rcspectively, Iia
is the extraterrestrial La photo £lux, snd 1 is the optizal depth for La at the

altitude in question.

Absorption of La in the Earth's atmosphere is virtually exerted by mole~
cular oxygean only, which is a major constituent. Therefore, in the homosphere
its optical depth is proportional to the neutral air pressure, P,

1« p BEC X» : . 2)
where X is the zenith angle of the incident solar radiation, On the other
hand, the effective recombination coefficient is determined by the relative
composition of positive from nolecular (N0+,+p *+, represcnted below by the sub-
-%HZO) , etc., represented by the

script mi) snd cluster ions (1ike not.u.0, H n
hich being remarkably

-subscript ci), the recombination coeffilients of w
different in magonitude,

S (CIWO LI W Mea ) 3)

Ceff
where the sum has to be extended over all species of positive ions. Since the
rate of conversion of molecular ions into cluster jons strongly depends on
temperature, the resulting ion composition will vary vith teaperature and,
consequently, a.¢¢ (after eq. (3)) end.N (after eq. (1)) vill be sensibly
podulated by peutral gir temperature variations (DANILOV and SIYONOV, 19823
DANILOV zund TAURERHEIH, 1983). The molecular-to-cluster ion conversion rate
varies with T~ where the value of n depends on the details of the ion-
chemical reaction scheme adopted by the respective authors. BREMER et al.
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(1981) claim a value n = 7.2, which leads to a temperature dependence of the ion

percentage distribution and of .ff 85 shown in Figure 1 (for mid-latitudes at
80 km height), ¢
& .
\ WINTER
s SO°N
z“ i
= »o
g >
¥ i+
» . 2
“{:::::\\ Figure 1. Upper part: Ratio (per cent) of clustered
”0./_ 25% 0% A ions to total electron density near 80 km in mid-
[eeusren'l/fe) latitude winter, for different temperatures, -
Lower part: Temperature dependence of effective
o recombination coefficient, aeffy derived from the
WINTER curves shown above,
’ of 50N
£
Loy
2t
Pead !

v m X
T K] ——

Finally, according to eq. (1), the electron density depends on the nitric
oxide concentration. At this altitude level, Nyo 18 mainly controlled by down-
ward transport of neutral NO (or N) from the thernosphere, partly by eddy
diffusion but probably evea more efficiently by a bulk transport with the
vertical component ot the wind circulation, since the photochemical lifetime of

neutral NO molecules at medium and high latitudes is of the order of one day or
more.

The only 'non-meteorological® factor in eq. (1) is the La irradiation,
which can be either taken from direct satellite measurcments (e.g., BINTEREGGER
(1981)), or parszmetarized as a function of solar activity parameters (c.g.,
VIDAL~MADJAR (1977), BOSSY and NICOLET (1981), LEAN.and SKUMANICH (1583)). It
turns out, however, that at least in the mid-latitude winter variability of D
region electron densities, the La control is by far overshadowed by the
meteorological influences (TAUBENHEIM, 1983).

In subsequent papers of the symposium (COSSART and PAKHOMOV, 1983; LAUTER,
1983) a ground-based measuring technique of low-frequency radio reflection
(phase) heights will be presented which is capable for a day-by-day monitoring
of the altitude at which a pre-sclected fixed value of electron density, N
is attained. This technique is in use since many years continuously at
Kuehlungsborn, An example given in Figure 2 shows how well these 1.f,
reflection heights follow the variations of the height of the 0.0l mbar isobaric
surface, thus indicating a dominant Pressure contrel through the optical depth
of the La radiation. Further, from these mcasurements we can eagily derive a
daily characteristic, f = 1n sec Xgo (specified in more detail in LAUTER et al.
(1984)), which describes the day-to~day variations of the state of ionization at
80 km height, 1Its deviations, Af, from a certain reterence state (to be chosen
frou the observed data tipe series), can be interpreted in temrms of the

corresponding deviatiops of pressure, a,r¢, and NO density at the 80 km level:
from eqs. (1) and (2) follows

re
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Af Aln p + Aln In [cixLu/Nr )<nNO/°eff)] (4)

In this formula, the dominant role of pressure variations is obvious, however

modified to a lesser degree by a %o (i.e., circulation) and an o (i.e.,
temperature) control. eff
83 ' ’ ' r
o2 UF ReF u:/sfy ]
T &4 ——. / © 4
S w) "///” \\“0’//’ !
”
5 » " ‘/ J
% 7 4 ./ p
.y ‘/<7’ |
7% 4 1975 1978 001 NBAR WEIGHTS y
DiC N un  uN N Fig
! 07 14 21 28 4
' Figure 2. Heights of the 0.0l mbar surface at a grid-
point 60°N, 10°E taken from LABITZKE et al. (1978),
compared with LF radio wave reflection heights ob-
served at Kuehlungsborn, in winter 1975/76.
; Figures 3 and 4 illustrate the analysis of meteorological control in

: individual winter data series of this type. The variations of a 'relative

. electron density index' at 80 km, defined by 1 + 0.8 x/f, are presented for the
. late winter periods of 1980/81 (Figure 3) and 1981/82 (Figure 4). The step

) curves ghow the march of the 5-day (pentade) mean values of the observed dsta of
Kuehlungsborn, where in both cases the second pentade of December was adopted as
the reference level (Af = 0). The dashed curve gives the long-term average (25
years) of these observed data. They are characterized by the midwinter
ionization at 80 km being generally higher than in spring (and summer), thus
representing the well-known 'average winter anomaly' of the D region. Froum both
diagrams it can be noted (as well as from other years, not shown here) that
major stratospheric warmings lead to a sudden decreace ('breakdown') of winter=-
anomalous electron densities near 80 km (LAUTER and ENTZIAR, 1982). Further,
Figure 3 shows evidence that the extremely cold stratospheric temperatures in
December 1980/January 1981 (cf. LABITZKE and GORETZKI, 1982) were associated

vith)an exceptional enhanccment of D region ionization (LAUTER and ENTZIAN,
1982),

~ ~ -
N e
deend,

Figure 3. Electren density variations near 80 km in
winter 1980/81, derived from ground~based radio
observations (curves), and from model calculations
(crosses, circles) as described in the text,
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Figure 4. Same as Figure 3 but for winter 1981/82.

An approach to the interpretation of these ground-based radio data is
represented by the crosses and open circles in Figures 3 and 4, which are values
calculated by means of eq. (&), making use of rocket data of pressure and
temperature measured near 80 km altitude over Volgograd (published in CAO
BULLETIN), at a latitude comparable to those of the radio paths observed at
Kuchlungsborn, The crosses are the first-order spproximation by taking into
account the pressure variation only (first right-hand term of eq. (4)), the open
circles are the second-order approximation computed with both the pressure
variation and the temperature-induced LI variation (as in Figure 1).

The agreement of the crocses and circles with the step curves in Figures 3
and 4 is only partly satisfactory. Obviously, the general seasonal variation
between December and March can be well understood in terms of the pressure and
temperature variations., Also, the sudden increase of ionization in the second
half of December 1980, as well as the 'breakdown' with the stratwam event in
late January 1982 are clearly explainable by the combined effect of pressure and
temperature near 80 km. The duration of the ionization excess in January 1981,
and its sudden breakdown in the last pentade of January, however, are not well
reproduced by the Volgograd rocket data of pressure and temperature. This may
partly be due to the fact that Volgograd is not near enough to the Kuehlungsborm
observation paths to expect a good point-to-point correlation, On the other
hand, however, there is no doubt that sudden changes of neutral NO content, for
which no data are available, will also sensibly influence the D region ioniza-
tion through the secord term of equation (4)., A plausible scenario (TAUBEMHEINM,
1983) predicts that variations of pressure, temperature, and NO advection rear
80 km are jointly contrclled by the circimpolar vortex of the strato-mesospheric
circulation system in tna* way. that with intensification of cyclonic vortex
motion the mesospheric preasure is enhanced lowered, temperature enhanced, and
downward NO transport i3 etrengthened, which altogether act 'cooperatively' in
enhancing the D regios el:ctron density (cf. eq. (4)), and vice versa.

Therefore we may ctnclude that D region electron density variations, which
can be readily monitored by ground-based techniques, can provide an cfficient
diagnostic tool for the detection of perturbations of the circulation state of
the middle atmosphere,

The author is indebted to Prof. E. A, Lauter and to Dr. G. v. Coseart for
providing the results of phase-height measurements at Kuehlungsborn,.
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VARIATION OF DERIVED MESOSFUFRIC NITRIC OXIDE IN KELATION
TO WIND AND TEMPLRATURE IN WIKTER

M. Friedrich

Department of Communications and Wave Propagation
Technical Univerxity Craz
Inffeldranse 12, A-8010 Craz, Austris

K. M. Torkar

Space Research Institute of the Austrian Acadeny of Scicnces
c¢/o Tecknical University Craz
Austria

As a pood approximation changes of the NO-density are solcly responsible
for clanges of the non-auroral D-region. Under the assunption that other ion
production processes are either known or negligible, one can hence derive (XO)
from electron densities using a suitable effective electron loss rate, In the
Winter Anonaly Campaign 1975/76 ninetcen rocket payloads carricd electron den-
sity measurcments on fifteen days., On two of these days (NO) was mecasured
in-situ by photometers. For these days one can cstablish the production not due
to Lyman=a and KO, This rest production can then be applied to all (N0)
derivations based on electron density measurecments.

In addition, in this cxapaign winds and tenperatures were ncasured fron the
ground to approximately the base of the thermosphere. The derived field of KO
densities between December 1975 and February 1976 from 70 to 100 kn is coapared
to corresponding fields of winds (zonal and meridioral), temperatures, pressure
and Richardson numbers. The derivation of the latter is dependent on a number
of assunptions and should stizulate discussion rather than being a result
per-se.,

INTRODUCTION

D-region electron densities are almost erclusively the rcason for radio
vave absorption. In order to explain the large excursions of absorption in
wvinter ('vinter anomaly'), the following cause-and-effect scheme may help to
identify or reject various causes (Figure 1).

. Absorption at the frcquencies and altitudes in question (>l Miz, 70 to 10C
kn) is proportional to electron density and collision frequency v, (because
£ > v, ). The rollision frequency is == according to laboratory heasurements =-
to a very good approximation proporticnal to neutral pressure. The latter is
fairly well kncwn from cmpirical models (better than ¢10X) and the
proportionality factor varies only slightly with temperaturc (:5% between 200
and 300 K, AGGARWAL and SETTY, 1980). Hence variations of the collision
frequency can only contribute to the regular, seasonal behaviour of absorpticen,
but not to the day-to-day variations by factors of two or more.

It is thercfore the electron density N, which must undergo large
variations. For steady state (appr. at noon) N, is balanced by the square root
of the ion-pair production q divided by the effcctive electrons loss rate v.

The latter is an inverse function of temperature; however, cven the large
variations observed in winter ('wamings') can -- according to model c¢alcula=-
tions -- only account for changes of ¢ by as much as perhaps :50%. The con-
centration of atomic oxygen has great influence on the nature of the positive
ions (molecular or cluster) which have widely different recombination rates; 0
also drastically alteérs the relative distribution betveen clectrons and negative
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Figure 1. Sinplified cause-and-effect scheme for variations of ionospheric ra-

dio wave absorption., Parsmeters ceasured in the Winter Anomaly Campaign
1975/76 are wnderscored by full, derived quantities by broken lines.

ions. Yonetheless, the concentration of O has its main influence at heights
belov 80 km which contribute only little (ca. 307) to the total radio vave
absorpticn, Furthermore, the variation of [0} is, even according to different
models and measurements, rcasonably predictable (within a factor of 2, cf. e.g.
THOMAS and BOWMAN, 1972; DICKIKSON et al., 1980; SOLCMON et al., 1982).

The ion-pair production rate g is a function of the relevant fluxes and the
overhead absorbing air column. The latter is -- similsr to the colligion
frequencies -- rather vell known fron pressure models of the lover theraosphere,
and certainly does not change sufficiently to cxplain the observed effects in
R . Also the main daytize ionising fluxes vary, evea over a sunspot cycle,
only by nuch less than a factor of two for Lyman-a, of five for Lycan-g and of
ten for the lesa important pediua X-rays. The often proposed fluxes of charged
particles may contribute to g at geomagnetically higher latitudes in torth
Anerica (cf. the argumentation by FAEMLUM, 1967), but can safely be ruled out in
Europe (THRANE et al., 1979). Trspped particles, however, constitute a possible
mechanisy for the observed after-effects of geomagnetic disturbances (cf.
HARGCREAVES, 1973; TORKAR et al., 1980).

In the daytime D-region the doninant process is the jonisation of nitric
oxide (KO) by the strong and fairly constant ¢olar Lyran-a line. Hence varia-
tions of the ion production must be due to variations of the concentration of
NO. Nitric oxide in the D-region (uesosphere to lower thermosphere) originates
-- according to model computatione == in the E-region due to a variety of
processes including ionisation by soiar X-rays or charged particles. It is
subsequently trassported downwards by eddy diffusion or vertical winds and
destroyed by photo-dissociation during trensport. Hence, (KO} ia the E-regicun
is larger during solar maximum (or PCA), vwhereas its concentration in the D=
region follows the production not directly, because of the likewise increased
photo-dissociation at tizes of high solar activity.
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The wain candidates for vinter ancmalous absorption are therefore local
variations of [KO] by either horizontal winds (transport from arcae of higher
concentrationa, such as the polar regions), or a variation of the vertical
traneport efficiency, i.e. the cddy diffusion coefficient. In the following tne
emphasis is therefore on derived [NO) as a function of tecperature gad
horizontal wind,

DERIVATION OF NITRIC OXIDE

The Winter Anowaly Canpaign 1975/76, conducted at the Spanish rocket range
"El Arenosillo", vas aimed at identifying the causes of cnhanced radio wave
absorption in vinter, More than cleven institutes participated with various
weasuriaents aboard rockets, balloons and satellites, as well as ground based,
For a description of the campaign and its original aics and the launch strategy
sec OFFERMANN (1977s8) and (1979). Parareters of the schmatic in Figure ]} which
were neatured or derived are underscored by full and broken lines, respectively.

On two days of that caapaign (“salvo days") [NO] was measured by a
dedicated instriment, a y-band photometer, between SO and 110 knm (BERAN and
BANGERT, 1979). However, on another twelve days between December 17, 1975, and
February 8, 1976, elcctron densities were measured (FRIEDRICH et al., 1979).

Figure 2 shows the time and altitude coverage of the measuraents of
clectron densitics and neutral tanperatures,
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Figure 2. Height coversge of the electron density and temperature neasure-
pents during the Vinter Anocaly Campaign. Days of wmissing radiance data
of the satellite Nimbus-6 are also indicated,



TAUBENHEIM (1977) dewmonstrated a method of deducing [NO) from eclectron
densities N,. For cteady state the fecilowirg relations hold:

q =N 2 (v = effective electron loss rate)
(4
q = [NO]-: +q (.~ = ionisation cross section, e ™ local
Ly=4 Trest i i ducti
Lyvan—uflux, qp.qp = ion pair production not
due to Lyman-.snd NO)

Hence the NO-density is:

nd
Ny -
v qr .

“Ly-a

Apart fron the measurcd electron densitics Ko the quantities ,, q, and the
local Lyman-1 flux have to be known. cst

The electron loss rate  could in principle be cooputed using an ion-
chemical model (e.g. TORKAR and FRIEDRICH, 1983); here, however, an cnpirical
wean derived from many daytime rocket flights is used, i.e. when both q and N,
were available. Figure 3 shows these empirical loss rates as a function of
neutral density. The broken lines indicate the regions of the standard
deviation (on a logarithmic scale).

LOSS RATE.cnds™

Figure 3. Collection of electron loss rates vs. neutral number density
from daytice rocket flights. Dashed lines indicate the range of the
standard deviation,

The ion production qp,., is m2inly due to solar X-raye at higher altitudes
(>80 k=) and galactic cosmic rays below 70 kn. On the two days when [NO) was
neasured one can deduce the rest production directly., For other days this q
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is applied with a suitable correction for the slightly different solar zenith
angles.

The absorption of solar Lyman-. is computed using standard atmospheric
podels (COLE and KANTOR, 1978 and MSIS i.e., HEDIN et al,, 1979), One can thus
derive [KO) not only on the two salvo daye, but for a total of fourtecen days in
the period of the Winter Anonmaly Cempaign.

Every day the signal strength of a transmitter at Aranjuez on 2.83 Miz vas
ueasured, Two receiver sites were in operation: one at the rocket range “El
Arenosillo” and the other at Balerma., The paths' mid-points were some 250 km
fron the rocket trajectories. The absorption was available as Lo (extrapolated
subsolar value at x = 0°) and the exponent n of the cmpirical relation L = L,
(cos :)". In the further treatcent the two absorption data sets which proved

to be very similar were averaged, i.e. Lun - Luleuz and n - (nl + nz)/Z.

The derivation of a statistical relationship between [NO) and A3 absorption
requires reasonable pargmeterization of the NO-density, In a first order
approximation [NO] . N.J “ L= if changes of the ray geometry and production
rates other than by Lyuan-i are neglected. 2n altitude profile of [0} which
is not too far froo current model calculations may consist of a region with
constant mixing ratio below approx. the mesopause and of an exponential increase
above that height. The latter assumption is only valid well below the known
naxioun of KO in the lower thermosphere.

[NO) on a particular day was approximated by

ugu- “a ¢ azcxp(njh)
p total atnospheric density

wvhere the coefficients a; are at the same time functions of a normalieed
absorption L75 for a zenith angle of 75° which is about the mean throughout the
electron density measurements and the exponent n, in the form:

2
3, by b lygeb
with

(.Sﬂﬁléi)“

1‘175 - L(t) } C.()Sx([.), X

L75 is thus the absorption measured at the time of the rocket flights,
corrected for the solar zenith angle dependence which hae been derived on that
particular day.

In a nultiple regression analysis the nine parameters b,, are found which
deternine [KO) as a function of height, L;s, 8nd n,. One can“now, although
solely based on statistics, compute NO-profiles for every day from absorption
data. Figure 4 shows the variation of {KO] thus derived between 70 end 100 ka
and Dee, 17, 1975, and Feb, 8, 1976, The profilcs are nct unique, are, howvever,
plausible and poseible. The latter was tested by inserting the [KO} into an
ion-chenical scheme (TORKAR and FRIEDRICH, 1983) to compute electron densities
for various solar zenith angles. The diurnal variation of simulated absorption

sgreed ressonably well with the one actuslly measured (L., ») on the particular
days.

RELATION TO OTHER, RELEVANT MEASUREMINTS

A scenario ocuch as shown in Figure 1 had been anticipated long before the
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Figure 4. Variation of (N0O) deduced from absorption measurements during
the Winter Anomaly Campaign.

Winter Anomaly Campaign (e.g. ZIMMERMAN and NARCISI, 1970). The choice of the
instruments for the campaign was therefore either to be able to rule out certain
explanations of enhanced absorption, such as charged particles, changes in the
Lyman-a and X-ray fluxes, or to support certain concepts such as enhanced [NO]
end its transport (wind measurements). Of relevance to the concept that NO-
transport is the dominant cause for winter anomaly, are the wmeasurcments of
winds, temperature and pressure,

From the balloon and rocket-borne temperature measurcments (cf. Figure 2)
one can -~ with a little interpolation -~ establish a temperature field up to 70
km., In additinu, theve are radiance data available from the PMR (= Pressure
Modulator Radiometer) sboard the satellite Nimbus-6. The weighting function
peaks somewhere just below 80 km and has a wideth of about 20 km., Temperatures
above 70 km were deduced by inserting the temperatures below that height (from
the rocket and balloon data) into the weighting function; the temperatures from
an atmospheric model (COLE and KANTOR, 1978) were modified untii agreement
between the radiances modelled and observed by the satellite instrument was
achieved. The departures from the reference were forced to return at greater
height (>90 km) since the rediance data are no longer relevant for these
heights, The resulting temperature field is depicted in Figure 5 from the
ground to 110 km, With the temperatures of that figure and the ground pressure,
altitudes of coustant pressure were established using the hydcostatic equation,
Figure 6 shows these levels, crosses indicate the corresponding altitudes of the
10 pa values on World Meteorological Days as derived by LABITZKE et al. (1979),
Figure 7 shows the zonal and meridioral winds which were measured betveen 1500
and 1800 LT by the same rockets as indicated in Figure 2 (after REES et al,,
1979).

Many auvthors have sought connections between radio wave absorption and
temperature (BOSSALASCO and ELENA, 1963; OFFERMANN, 1977b) or with winde (e.g.
DIEMINGER et al., 1974), None of these sttempts was particularly convincing,
not even if a multiple correlatiov was applied (REES et al., 1979), Similarly,
the present data show no striking .onnection to derived [NO] (absorption),
except perhaps increased NO-densities following the temperatures around 80 km
with a delay of a few days., One could similarly try to associate winter anomaly
to southward winds (early Jan, 1976), although after the time of winter
anomalous absorption (February) winde are also directed southward, The relation
to the zonal winds is even less conclusive.
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Figure 5. Temperatures during the Winter Anomaly Campaign.

From the observations, but also from theoretical considerations, it appears

unrecalistic to expect a correlation to the wind velocities, their directions, or
temperatures, i.e. NO transport from the dark polar region and the temperature
control of the electron loss rate contribute only negligibly to the observed
variations of absorption. Reither the ionising fluxes, nor the electron loss
rates showed significant variations, hence the winter anomaly observed in that
- campaign muet have been of the truly meteorological type ("NO-anomaly"). Since
there was no evidence for horizontal transport, downward eddy transport is
expected to have been the main cause of the absorption anomaly.

A measure of turbulence, which in turn gives rise to eddy transport. is the
Richardson number.

e B T 4T
% (dvz/dh)z + (dv /d)*

g acceleration due to gravity

T temperature -1
I adiabatic lapse rate (9.8 K km ')
h  height

v, zonal wind component

vy meridional wind component

Ry below 0.25 initiate turbulence, whereas below 1 maintaine it, In Figure 8
areas are indicated where Ry is below ! and 20, These values do not indicate
turbulent regions, but suggest that turbulence is likely to have occurred at
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Figure 6. lcights of constant pressures built up from the temperatures in
Figure 5. Crosses mark the corresponding heights from the analysis by
LABITZKE et al. (1979). Strzight lines represent the reference atmosphere.
other times of the day (outside 1500 to 1800 LT). Unfortunately, again no
clear-cut relation can be seen, but one has to bear in mind that the wind data
- . are restricted to 95 km, whereas transport from above that height ie probably
: more relevant for the D-region NO-demsities.
CONCLUSIONS
The daily derivation of NO-densities as demonstrated here is an indirect
method, however, backed by two direct measurements and tested by eimulating the
diurnal variation of absorption. No unique connection to temperature, wind or
Richardson number could be found, but perhaps sophisticated atmospheric theories
can explain the occurrence of large KO-densities from this unique set of iono-
spheric/atmospheric data.
ACKNOWLEDGEMENTS
The radiance data of the eatellite Nimbus 6 were generously made available
by Dr. C., D. Rodgers of the University of Oxford, The Austrian participation in
the Winter Anomaly Canmpaign was covered by Grant 2671 of the Austrian Research
Council.
f” . v -



L eg N s -
TN .
r/'\ trg \‘,&"
;
i
. 14
L]
.
1
9
}
s
T . -
/ Figure 7. Zonal and meridional wind field (inm s 1y
. after REES et al. (1979). N = northwards, W = west-
' ward,
\ privrr Nime 7Y,
. o i Yooy [
. e0; “ 7/ /
70
£ eopn
Jw_za
£0%~
012 .
2
20! g -
LA (9% J
DEC ! MN U FB
) *11] we
Figure 8. Height and time variation of Richardson numbers below 1
and 20 deduced from the data in Figures 5 and 7.




. ey mur

15

REFERENCES

Aggarwal, K. M. and C. S. G. Setty (1980), Indian J. Radio Space Sci., 9, 105.

Beran, D, and W. Bengert (1979), J. Atmos., Terr. Phys., 41, 1091,

Bossalasco, M. and A. Elena (1963), Compt. Rend., 256, 4491.

Cole, A. F. and A. J. Kantor (1978), Air Force Reference Atmospheres, AFGL-TR-
78-0051.

Dickinson, P, H. G., W. C. Bain, L. Thomas, E. R. Williams, D. K, Jenkins and
N. D. Twiddy (1980), Proc. R. Soc. London, 369, 279.

Dieminger, W., G. Rose and H, U, Widdel (1974), Naturwissenschaften, 61, 225,

Friedrich, M., K. M. Torkar, K. Spenner, G. Rose and H. U. Widdel (1979), J.
Atnos, Terr. Phys., 41, 1121,

Hargreaves, J. K. (1973), J. Atmos. Terr. Phys., 35, 291,

Hedin, A. F,, C. A, PReber, N. W. Spencer, H. C. Brinton and D, C. Kayser (1979),
J. Geophys. Res., 84, 1.

Labitzke, K., K. Petzold and H, Schwentek (1979), J. Atmos. Terr. Phys., 41,
1149,

Maehlum, B, (1967), J. Ceophys. Res., 72, 2287.

Offermanun, D. (1977a), Geophysics, 44, 1.

Offermann, D, (1977b), in Dynamical and Chemical Coupling Betueen Neutral and
lonized Atmosphere, B. Grandal and J. A. Holtet (eds.), D. Reidel Publ,
Co., pp. 235-~252. )

Cffermann, D, (1979), J. Atmos, Terr. Phys., 41, 1047,

Rees, D., A. F. D. Scott, J. M. Cisneros, J. M, Satrustegui, H, Widdel and
G. Rose (1979), J. Atmos, Terr. Phys., 41, 1063.

Solemon, S., P, J. Crutzen and R. G, Roble (1982), J. Geophys. Res., 87, 7206,

Taubenheim, J. (1977), Space Res., XVII, 271,

Thomas, L. and M. R, Bowman (1972), J. Atmos. Terr. Phys., 34, 1843.

Threne, E. V., B. Grandal, O. Hagen, F. Ugletveit, W. Bangert, D. Beran,
M. Friedrich, A. Loidl, H. Schwentek and K. M. Torkar (1979), J. Atoos,

Terr. Phys., 41, 1097.
Torkar, K. M., M. Friedrich and P, Stauning (1980), J. Atnos. Terr. Phys., 42, \
183,

Torkar, K. M, and M, Friedrich (1983), J. Atmos. Terr. Phys., 45, 369.
Zimmerman, S. P, and R. S, Narcisi (1970), J. Atmos. Terr. Phys., 32, 1305,

" - e C——— . - s

~






i

LR P

16 N85'20453

MIDDLE ATMOSPHERE TEMPERATURE AND DYNAMICS AS REVEALED
FROM D-REGION OBSERVATIONS

A. D, Danilov

Institute of Applied Geophysics
Glebovskaya 20-b
Moscow 107258, USSR

The concept of so-called meteorological control of the ionospheric D-region
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
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.

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
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:

T e e bt e
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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
TH

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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ABSTRACT

Radio wave absorption data covering almost two years from Europe to Central
Asia are presented. They are normalised by relating them to a reference
absorpiion, Every day these normalised data are fitted to a mathematical
function of geographical location in order to obtain a daily synopsis of radio
vave absorpticn. A film of these absorption charts was made which is intended
to reveal movements of absorption or absorption anomaly. In addition, radiance
(temperature) data from the lower D-region are also plotted onto these charts.
No conclusions are drawn; the new procedure to evaluate absorption data is -- at
the present stage of processing ~- merely intended to stimulate discussion and
interest,

INTRODUCTION

Radio wave absorption in the HF range occurs predoninantly in the iono-
sphere's D-region, i.e, at heights where absorption L is proportional to both
electron density and collision frequency v, Since v is very well predictable
via atmospheric pressure (cf. e.g. FRIEDRICH and TORKAR, 1983) it is the
electron density N, which determines the day-to-day variations of L. At high
latitudes all changes of N, are attributable to variations of the ionising
fluxes i.e. of charged particles; at low or middle latitudes, however, the
fluxes responsible for the formation of the daytime D-region (solar Lyman-q,
X-rays, etc.) do not vary drastically, not even in the course of a sunspot
cycle. The observed day-to-day variations in (mid-latitude) radioc wave
absorption by factors of 2 to 3, notably in winter (winter anomaly), are there-
fore generally attributed to changes in the concentration of nitric oxide (KO},
the only component of the middle atmosphere (nesosphere) which can be ionised by
the relatively strong solar H Lyman-aline. The following analysie is plausible
if one assumes that changes in the NO-concentration are the principal cauge for
changes of absorption.

DATA BASE AND NORMALISATION

There have been numerous attempts to study the morphology of winter
anomalous absorption (e.g. BEYNON and WILLIAMS, 1976), in recent times notably
by SATO (1981) who used fnmin date from stations in Europe, the USSR and North
Anerica. The aim was to find a connection to geomsgnetic activity, but the
analysis is severely hampered by the relatively coarse classification of | S

In the present treatment we use absorption, i,e. loes of signal strength
relative to absorption-free reflection. Both the methods Al (vertical
incidence) and A3 (oblique incidence. i.e. reception of a distant transmitter)
are used, Table 1 gives the acronyms of the various data sets, path lengths,
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Figure 1. Absorption measurements of the available stations., NA is
the daily . integrated riometer-absorption at Raresarssuaq, Greenland,
and RZ the Zurich sunspot number, all other acronyms are explained
in Table 1. Between bars indicates 60 dB, the smooth lines are
the sinulated reference absorptions and the dashed lines show the
days used as examples for absorption patterns (Figure 3).

AA and AB which use the same tranemitter but different receivers (distance of
the path mid-points ca, 120 km). Hence the observed razid variations must be
considered to be of ionospheric origin and not -- &g one might be tempted to
believe -~ poorly maintained equipment or local interference.

Due to different path lengths, frequencies and the type of measurement
(daily integroted absorption Lj» moon-absorption L, ., etc.) the various data
sets show nccessarily diffcrent seasonal trends and variabilities. lcnce the
obeerved absorptions at various locations ©ay be covered up by the above
ucntxoned. expected systematic effects., Therefore a procedure was sought by
vhich in a firet approximation these differeaces can be eliminated.
Conscquently & reference absorption for each data set and each nonth was cal-
culated, For this purposs electron densities were conputed for the
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Table 1.
¢ § weight v E " rean atsarption height
E £ @ [~}
™ - " = bl .
. ~ 9 0O (s
‘ K S I IS - I A -
. iz | xm type E 3 ;§ L i 3
HK')} Horby-xuhlungsborn 1.178 ) 225 | cosy » 0.2 - - 55.(M, 12,7E | 92.72 90.1)
JR Jultusruh 2,000 - noon 1.61] 0.6% S4.6N, 12,40 | 91,24 104.C8
: KN | Kiel-Neustrelitz 2,775 220 | cosy »0.2 | 0.42 | 0.75 | 93.9N, 11.6E | 98,50 | 99.43
NN Norddeich-Neustrelitz 2.614 [ )95} cosy = 0.2 - 1.0% | %3.0N, 10,1E | 91,25 89.83
NL | Norddeich-Lindau 2,618 296 | 2 ¢ 0.93}0.77 |s2.88, 8,76 | 90.26 | 98,57
b8 | ve Bilt 1.850 [ 7 | noon 1.53} 0.90 | s52.1N, .28 | 90.89 | 9€.47
LP?)| Luxembourg-Prague 6,090 { €10 | noon - - S0.1N, 10.)E | 89.02 96,15
cG Coburg-Craz 2.630 | 502 | 1 1,00 0.96 | 48,78, 13.2E | 87.69 95.29
K2 Rostov-cn-Don 2.000 ¢ - | 1y 0.87| 1,07 {47,258, 39,78 | 92.73 93.96
ke Rostov-on-Don 4.000f - |1 0.48) 0,74 | 47.25, 39,7 | 63.35 83.13
A Alma Ata 1.700 | - | noon 0.97} 1,09 | 43.3N, 78.9C | 88.57 £9.55
A2 Alma Ata 2.200 - noon 1.52] 1,136 43,3N, 78.9F { 90,73 93.04
S Priftina-sofia 1.412 1170 cosxy =0.2 | 0.7V 1.26 | 42,1, 22.2e | 93.37 92.29
T Tbilisi .00 | - |z t.02f 1,10 |4at.an, 44.5c | 90.38 92.97
AA Aranjuez-El Arenosillo | 2,830 | 424 rooat) 0.90| 1.07 | 38.6N, S.2w | 87,14 €9.51
g A8 Aranjuez-Balerma 2,830 | 374 :p 1.13) .17 38,48, 1.2w | 88.0) 90.45
PA | Patras " g 0.87] 1.05 | 38.0n, 23.86 | B6.34%}] Bo.96%)
AS Ashkhabad 1.800 | - | noon 1,041 1,12 §37.9n, 58,0k | 88.98 89.94
90,00 { 93.31
') not used in the further analysis, possibly ground wave propagation
) not used in the further analysis
") monitors the 31 and 49 m broadcast band; appr, linearly related to Rome-Athens on 6,080 Miz)
(ILIAS and GUPTA, 1979)
- o) except March 22 to June 30, 1976; cosy = 0.2 - .
*) except December 1975 to February 19765 Lp ’ .
s) applies to Rome-Athens :
frequencies and (path mid-point) coordinates., Subject to the availability of
the raw data, daily integrated absorption (Lp, cf. ROSE and WIDDEL, 1977), was
uged, otherwise values at noon or come constant solar zenith angle were
employed, Figure 1 shows the daily values of all stations from October 1974 to
June 1976,
The lowest curve is the sunspot number, whereae the uppermost curve
represents the average daily riometer absorption at Narscarssuaq (Greeanland).
The latter is included as a measurc of particle influx into the auroral zone,
since a connection of charged particle fluxes and mid~latitude absorption has
often been sought (e.g. MAEHLUM, 1967; TORKAR ct al., 1980). However, only the
northernnost data (JR) of February and October 1975 possibly show scme direct
influence of particles, On the other hand, ecven the relatively large sumspot
numbers in August 1975 do not show up as cnhanced absorption in any of the data. ,
In most data one cap clearly observe the larger absorprion in winter, however,
all show & larger variability in winter. Of special interest are the data scts .
[
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corresponding conditions of each station (noon, cosx = 0.2 or at four typical
solar zenith angles x with equal time-spacing for Lp) using the ion-chemical
model for low solar activity described elsewhere in detail (TORKAR and FRIEDRICH
1983), 1In this steady-state couputation the neutral atmosphere, including the
minor species, is taken from other published models, in particular [¥0] from
RUSCH et al. (1981), Absorption was then computed by a WKB ray-tracing calcul-
ation over a spherical Earth, The full SEN and WYLLER (1960) magnetoionic
formulae were employed, the magnetic field taken from CAIN et al. (1967) and the
collision frequency set proportionsl to pressure from the AFGL seascnal
atmoSphc:%c nidcl (COLE and KAMTOR, 1978). The proportionality factor of
6.7x107 m? a~1 N~1 is the one recormended by FRIEDRICH and TORKAR (1983) based
on a number of rocket measurements of v. The reference absorption thus

obtained is indicated in Figure ] as emooth lines., Outside winter one can see
reasonably good agreement for the data KN, NL, CG, Tl. AA and AB. There is
notably an excess of the simulated absorption of HK. This may be due to ground
wave propagation at the fairly low frequency (1,178 ¥Hz) of the path which is
rmainly over sea water. Another feature of the simulated absorption is, that at
higher latitudes in summer the observed absorption ([KO]) is consistently higher
than in the model (JR, XM, KL, DB, LP and also PS).

For further evaluation the daily absorption values were divided by the
corresponding reference absorption. This new quantity (absorption enhancement
AE) removes the different sensitivity of the various measurcments provided the
geometry of the ray (penetration into the ionosphere) is the same.

AE should, therefore, be proportional to an electron density ratio or the
square of the ratio of ion production rates; if one asswmes that NO and Lyman-a
is the dominant production process of the absorbing D-region, AE is equal to
(tvoJ/twol )%,

Before combining all absorption measurcments, normalized via AE in the
above manner, it was tested to what extent the various data sets measure the
same physical phcnomenon. Figure 2 shows relative contributions of the various
layers of height h to the total absorption of some of the stations using the .
reference ionosphere (summer), where 1.(h) is defined as: . !

1 = 1y 1(h) dB/kn km_l
r iy dh T L7 dB ?
One can see that the height regiona contributing to absorption differ greatly L e

from station to station. For want of more uniform data, all absorption measure- ‘
nents were nevertheless trecated as if they represented the same height regions,

Hence an absorption "drift" from e.g. JR to AS could just as well mean a down-

ward motion of enhanced electron (or HO) density at both stations.

CONSTRUCTION OF ABSORPTION PATTERHS

The normalized data (absorption enhancement AE) still include variations
due tc very local effects. Instead of constructing AE-patterns by interpolation
between the individual measurcments, all AE-values were fitted by analytical
functions. The number of locations, or -- more importantly -= the number of
simultaneously available measurements, restricts the order of the analytical
expression which can be fitted to the data. The simplest ferm is a plane in
general position rvequiring only three, preferably evenly spaced, points. A
somewhat higher ievel of complexity == a circular paraboloid -~ was chosen which
is determined by four parameters, namely location and value of the maximum, and
the curvature. This form is employed at the present stage of tne znv.lysis;
higher orders have been tested, but found to lead to unrealistic excursions. Im
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Figure 2. Relative absorption contributions of
different heights of some stations together with
the average absorption profile of all data sets
(summer),

an attempt to account for the different height coverages (ef. Figure 2) weights
w were given to the different data sets according to:

- 12
v =1 [T dn/Tan

Here 1 is the average specific absorption of all measurements divided by the
average integral absorption. Its height variation is also shown in Figure 2.
Table 1 contains these weights for January and July, but for the further
conputation these weights were also established for all other months.

Furthermore contained in this table is the mean height of the absorption
derived from the same nodel conputations. Those data which are based on
Lp [= L /(1 + n)] were given additional daily weights according to the quality
of the fit L'= L (cosx)® which led to the establishment of L, and n. For every
day four parameters were determined by fitting a paraboloid to all log(AE)~
data by a least-mean-square procedure. 1In the film contours of absorption
enhancenent of 0.8, 1.0, 1.3, 1.6 etc. are shown. In order to avoid too rapid
fluctuations of the absorption (AE-)patterns, running means of the four para-

meters are used, i.e. 502 of the day in question and 25% each of the previous
and following days.,

The curves are fitted to the data in geographic Cartesian coordinates and
the contours of constant absorption enhancement then transformed to the
projection in which the satellite temperature data are available. In the film
only those stations which provided data on the day in question arc indicated by
small circles, Figure 3 shows two examples where however, all possible stations
are indicated with their acronyms. From October 1975 on radiance (temperature)
data ot the PMR (= Pressure Modulator Radiometer) of the University of Oxford
aboard the satellite NIMBUS-6 are available. The weighting function of the
highest channel 3000 peaks scmewhere just below 80 kn. The temperatures at that
height are surely not decisive for enhanced electron densities (electron loss
rates), but may be an indication of an unstable atmosphere, turbvlenc: and — in
consequence -- of transport of NO into the D-region.

Wit s 9
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+

14571876 24 MAY
res2 = 43 n=10

a)

00871976 8 JAN
res2 - .35 n=-11

b)

Figure 3. Examples of absorption patterns obtained
by fitting an analytical function to the AE values
end mesosplteric temperatures. (a) typical summer,
May 24, 1976, (b) winter anomalous day January 8,
1976. r**2 is the quality of the fit and n the
number of available data for the day.

CONCLUSIONS AND IMPROVEMENTS

The quality of the presently available raw data does not permnit to draw
final conclusions concerning the magnitude or the motions of absorption. Hore
careful screcning of the absorption data is cnvisaged, but also the reference
absorption model, which mainly hinges on the adapted [NO]-model, may have to be
revised. For the derivation of velocities of absorptior patterns it may perhaps
suffice to use the running mean as a reference, thereby avoiding errors intro-
duzed by an unrepresentative reference absorption.
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IONOSPHERIC ABSORPTION ON 1539 KHZ IN RELATION TO SOLAR IONIZING RADIATION

J. Roska

Geophysical Institute
Czechoslovak Academy of Sciences
141 31 Prague 4, Czechoslovakia

ARSTRACT

Radio wave absorption data on 1539 kHz for the summer period of 1978-1980
are considered in relation to variations of solar X-ray and La radiaticn. It
is shown that under non-flare conditions La dominates in controlling abrorption
and that X-rays contribute about 10X to the total absorption. Optimus:
regression equations show that absorption is proportional to the m=-th power
of ionizing flux, Fy,,, where m < 1. The rolec of correcting La values,
measured by the AE-E satellite, is discussed.

It is generally accepted that Lyuan-a radiation plays the dominant role in
the formation of the D region., But the contribution of different ionizing
radiations in the lower ionosphere has not been cstablished too well. 1In this
paper the results of a statistical analysis of A3 absorption data are presented
in relation to solar X-ray (1-8 A) and Lyman-q fluxes, Radiowave absorption
data measured on 1539 kHz at the Panska Ves Observatory, Czechoslovakia,
(reflection point 50°16'N, 11°47'E, distance 350 km, equivalent frequency, 0.7
Miz) are used. The data set consists of the summer months (June-August) of
19/8-1980, separately for the afternoon and forenoon at y = 60° and ;0*. SWF
events and absorption data considerebly affected by geomagnetic storms have been
excluded., X-ray {lux data were taken from Solar-Geophysical Data bulletins
(1979-1961). In the case uf Lyman-a irradiance the question of experimental
data is more complicated. The Lyman-a flux values used in this paper were .
adopted from AE~E sstellite measurements (HINTEREGGER, 1981). It is very well
knowa that there are open questions about absolute Lyman-a flux values measured
by the AE-E satellite. Figure ! shows the development of wounthly mean values of !
Zurich sunspot number R,, soler flux at 10.7 ¢m and also Lyman-a flux fer the
whole period wder study. An unexpected enhancement of Lyman-q flux value can
be secn at the beginning of 1979, It should also be noted that the values of
Lyman—-uflux observed during cycle 21 are higher than for cycle 20, and this
increase is not matched by corresponding increases in the sunspot nuzder or in
the solar flux at 10.7 cm. As BOSSY and HICOLET (1981) have demonstrated, the
differcnces can be explained only by systematic errors and cannot be neglscted.
We have corrected these Lyman-a flux values in the following way. As can be
seen from Figure l, the vatio of Lyman-a to Lyman-g fluxes also significantly
increased at the beginning of 1979. If we take into consideration that the
Lyman-a to Lyman-3 ratio decreases in a solar active region (BONKET, 1981), we
may claim that this ratio should not incresse with inecreasing solar sctivity.

We can assume that the ratio of Lyman-q to Lyran-g is close to its value for
average solar activity and has not changed during the whole period studied. We
have used this assumption to correct the Lyman-a flux values. As can be seen
from Figure 1 the corrected Lyman-a flux values are in better agreeacnt with

the development of solar activity. In this study both corrected and wicorrected
Lypan- a data were uged.

To derive the relation between absorption and ionizing fluxes, we calculate
expressions of the type

L=AF"+BF"asc¢
X a

vhere L is radio vave absorption (in decibels), and F is the flux of tonizing
radiation, using the least-squares mecthod for all data sets with m betveen 0.3 -

N e e i - -
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Figure 1. The develcpment of monthly mean values of Zurich
sunspot number R, solar flux at 10.7 cu Fip,7, the solar
Lynan=t flux F, (circles, uncorrected values; crosses, cor-
rected values) and ratio of Lyman-u to Lyman-i fluxes, F /Fg,
over the period 1977-1980, ("7" indicates insufficient number

_of data.) . . :

2.4, The criterion for estimating the optimum cquations is the value of C
(about 5 - 10X of the total absorption). All values of m, A, B, C for these
optinum expressions are given in Table ) for uncorrected Lyman-a data and in
Table 2 for corrected data. For some data scts it was not possible to derive
optimwr equations.

let us first consider the exponent m. Its values are distributed between
0.3 - 1 for the uncorrected data and between 0,35 - 0.8 for the corrected values
of La. A considerable part of the n values is close to the value of 0.5 to be
expected from the equilibrium equation, In all cases in which we were able to
derive m for both data sets the exponents m are smaller for the corrected than
for the uncorrected data.

This result differs from the results of an analogous analysis of absorption
on the frequency 2775 kHz and 1178 kHz for the period 1969-1972 made by
LASTOVICKA and BOSXA (1982), where the value of m was evidently m > 1. The
cause of this differencc is not clear yet, Ratios of X-ray and Lyman-a con-
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Table 1
60°* 70°
a A B¢ L/, w A B ¢ Ly,
1978 a - - - - - 0.8 1.7 10.85 3.80 0.04
19/9 ¢ 0.75 3.1 10,4 3.7 0.09 - - - - -
1979 a 0,30 3,90 29.3 10.9 o0.08 1.0 1.7 5.8 1.97 0.06
1960 £ 0.45 10.4 15.3 6.2 0,36 0.65 5.1 9.3 4.6 0.22
1980 a 0.5 6.6 16.6 8.5 0.20 0.6 3.4 2.9 4.9 0.11
Table 2
60° 70°
n A B [ L/L, o A B c Lx/L,
1978 £ 0.35 13.6 19.2 5.7 0.37 - - - - -
1978 a - - - - - 0.5% 1.7 16.5 4.2 0.04
1979 £ 0.45 6.9 19.8 4,23 0.19 - - - - -
1979 a - - - - - 0.8 3.1 10.3 3.9 0.10

tributions to total absorption, L,/L,, for the cquations {rom Table 1 and 2,
have been calculated using nean ionizing fluxes for all the individual data
sets. The values of L‘/L‘ lic between 0.04 - 0.37 and clearly display the
dominant role of Lyman=1 radiation in absorption. The typical contribution of
X-rays to the total absorption under non-flare conditions is about 10X, For the
corrected data sets, the contribution of X-rays is slightly greater than for the
uncorrected data. Median values of the correlation coefficients between radio
wave absorption and ionizing fluxes arc: ol = 0.33 and ¢l = 0.40, . . -
respectively. For Lyman-: the correlation is slightly weaker than for X-rays
and this result was not significantly influenced by correcting the Lyman—

flux, This is probably due to the Lyman=u variability being small conpared to
the variability of X-rays.

It can be concluded that the correction of Lyman—i data did not change the
results of the analysis significantly. The derived values of the exponent n are
in good agreement with the theorctical assunmptions. '
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INDIRECT PHASE HEIGHT MEASURIMERTS IN CFNTRAL AKD EASTERN
EUROPE FOR MONITORING D REGION TLASMA

. GC. v. Cossart

Acadeuy of Sciences of the GDR
Central Institute of Solar-Terrestrial Fhysizs
Obrervatory of lonosphere Research
DDR-2565 Kuhlungsborn, GDR

S. V. Pakhomov

State Cormittee of the USSR of
Hydrometcorology and Environmental Control
Central. Acrological Observatory
Dolgeprudny. Moscow Region, USSR

Lov-frequency propagation experizents for the investigation of the lower
part of the ionospheric D region were at first used by BRACEWELL et al. (1951)
at Cembridge in the early fifties. Avong these was the method of indirect phase
height measurements which has been further developed by LAUTER (1958) at
Xuhlungsborn for continuous monitoring of the lower ionospheres It is based
upon field strength mecasurenents of commercial radio transmitters in the
frequency range between 50 and 200 kHz at distances from 500 to 1500 kn., The
- field strength records show characteristic diurnal variations with maxima and
: minima, produced by interference betwveen the ground wave and the ionospherically
reflezted sky wave, the phase difference between which varies in correspondence
to the diurnal variation of the reflection height. The upper part of Figure 1
gives tvo exaaples of field strength records on radio frequencies of 164 kliz and
155 kliz at distances of 1023 km and 1359 ka, recpectively. The variations
during forenoon and sfternoon arc quasi-sycmetrical vith respect to the real
noon at the propagation path nidpoint.

From investigations in the LF-range (SMITH, 1973) it is known that the
domirant [:rt of downconming sky wave is the extrzordinary component. On the
basis of the magneto-ionic reflectioa condition we can calculate the electron
density necessary for reflection of the -cxtraordinary component at a given
frequency and angle of incidence. For trequencies ranging frou S0 to 200 Wiz,
these calculated reflection electron densities are between 250 and 550 el ¢ .
The diurnal height variation of the level where electron density has this given
value governs the interference pattern. The height difference corresponding to
two successive interference extruma ranges from 2 to 5 kn, depending on fre-
quency and propagation path length. The coordination of the individual field
strength extrema to correaponding reflection heights is in priociple anbiguous,
but if two or more simultancons indirect phase height mcasurments arc available
this ambiguity can be ramoved so that a definite absolute height can be ascribed
to each extreauwm. This coordination can also be achieved by comparison with
rocket-measurcd electron density profiles obtained in the same location.

In the following a very simple approach of interpretation is attampted on

the basis of geometric-optic consideration. The lower part of Figure 1 shows an
example of height determination frow Ceasuraients on two frequeucics, The tices
of field strength extrema are referred to the respective solar zenith engles,
X, at the propagation path widpoint and coordinated to the corresponding geo= :
petric heights. The diurnal variation of the rcflection height renges between
75 and 85 km. The relation between the reflection heights and the logarithm of
the Chapman function of y is linear, forming during forenoon and afternoon two
straight lines with different slopes. The difference betvecn the forenoon and
af ternoon branches corrcsponds to & distinct tice difference of about 10

%
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Figure 1. (a) Field strength records of LF signals on long~
distance transmicsion paths at Kuehlungsborn. (b) Diurnal
variation of apparent reflection height by coordinating
each field strength extremun to its triangulation height.

minutes.

During daytime the normal electron denmsity in the D-region betwcen 70 and
85 km is mainly produced by nitric oxide ionization due to golar Lymsn-a -
radiation. Molecular oxygen is considered as the main absorber for solar
Lyman-q-radistion. On the besic of this concept it can be shown that the
height of a level of constant elcctron demsity in the D recgion indeed varies
linearly with ln Ch X, just as does the reflection height in our indirect phase
height ceasurcments, The time lag between the forenoon and afternoor values is
due to recomtination processes in the ionospheric plasma whereas the average of
the forenoon and afternoon values approximately represents cquilibrium
conditions in the D-region., In this case the slope will represent the mean
scale height of the neutral atmosphere,

In order to check the validity of this kind of interpretation, field

strength measurements on two LF-measuring paths were installed in the Soviet

Union, with their path nidpoints situated very near to the rocket sounding
station Volgograd.

A series of electron density profiles measured at Volgograd by rockets up

4
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to a height of 85 kn at different solar zenith angles well confirms the
aseumption that the reflection height is connected with a fixed value of
electron density. Figurc 2 shows the height of this ref lection electron density
obtained by rockets in comparison with the reflection height detcrmined at the
samc solar zenith angle from indirect phase height measurmments. The slope of
the regression line does not show the cxpected 45° angle. The variation of the
reflection height in dependence on y is larger than the corresponding change of
the fixed electron density level. This result can be explained by variable
additional phase changes of the downcoming signal dne to variations of electron
denoity below the reflection height. Thus, one has to be aware that the
accuracy of phase height determination is somewhat reduced by this effect,
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Figure 2. LF reflection height (218 kHz/1463 kn)
in comparison with corresponding heights derived
from rocket-measured electron-density profiies.

An impressive demonstration of the effectiveness of indirect phase lLeight
measurements is the appearance of solar flare effects in the records. The
strongest observed cffects secm to decrease the reflection height by as much as
15 km. But some part of this amount may be also due to a flare-induced
additional phase change below the reflection level.

It can be shown that the reflection height depends on the variation of the
optical 'depth for the ionizing solar Lyman-c-radiation; that means it depends on
air pressure. It has turned out that an appropriate characteristic for
describing the day-to-day variations is the inverce Chapmen~function, Ch™%y,
of the solar zenith angle value at which the diurnal course of the reflection
height crosces a given height level. This quantity is mainly connected with the
presgure variation, &s confirmed by comparison with the seasonal variation of

8ir pressure measured by rockets.

In Figure 3 the correlation is presented of daily pressure Yalucs obtained
by rockets at a height of 70 km with corresponding values of Ch™'y during the
winter of 1974/75. They are given as deviations from the mean seasonsl varia-
tion. The result shows a weak but significant correlation. This winter had
particularly large variations of air pressure. A similar investigation for other
vwinters did not show such a significant correlation, Thus, it must be assumed

that other quantities also influence the Ch~ly-values in the same crder of
magnitude,

A couparison of the slope of the mean daily variation of reflection height
vith corresponding temperatures measured by rockets is difficult, The slope

LT e e ok =

T
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Figure 3. Pressure deviation from seasonal variation
in 70 kn height in comparison with corresponding
Ch™!v values near 78 km height from December 1974
to March 1975,

results fror the whole diurnal variation of the reflection height; that means
that there is inevitably an averaging over a heipght range up to 10 kn where the
vertical temperature profile may considerably vary and likewise an averaging
over many hours where also consciderable temperature changes may occur. On the
other hand, it must be assumed that additional phase changes cauced by varia-
tions of electron density also influence the slope. Thus, on: ~annot expect a
good correlation between scale heights derived from the slope of the diurnal
phase height variation and instantaneous local temperatures messured by rocket.
The scasonal variation, however, of the slcpe is very siwmilar to the seasonal
variation of temperature in the altitude around 80 km,

In Figure 4 different data for the winter of 1974/75 are presented in the
following manner: The upper curve gives daily values of ionospheric absorption
at constant solar zenith angle x = 78.5°, The two curves below show daily
values of Ch™'x, They rise when the isobaric surface near 80 kn is rising and
vice versa. Curve (b) gives Ch™"x values from Easteru Europe and curve (c)
from Central Europe. The distance betwecn the path's midpoints is about 2400
km, Both curves show very similar variations, a hint to large-scale pressure
variations in this region. The lowest curve of the figure gives some pressure
values at 70 kn height measured by rockets in Volgograd. The vrcssure data show
similar large variations as those of the Ch~ly values, which confirm the close
connection between both of them, as also seen in the figure before. The varia-
tion of ionospheric absorption precisely follows inversely the changes of the
Ch™'y curves, i.e, large ionospheric absorption is connected with low pressure
and vice versa. The high variability in this winter is mainly caused by large-
scale chenges of pressure,

The rcsults of comparison between indirect phase height measurementes and
simultaneous rocket soundings in the D-region can be summarized as follows:

= The reflection height approximately varies with the height of a fixed
electron deneity; that means that 8 continuous patrol of one point of the
electron density profile is possible by these mecasurements.

- The interdiurnal variation of the value of the inverse Chapman function,
Ch™*(x), at the moment of crossing a given reflection height contains

i1
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Figure 4. (a) HF-absorption measurcnents (cos X = 0.2) in
Central Europe; (b), (c) Ionospheric D-region parameter
Ch'lx from LF indirect phase height measurements in
Eastern Europe and Central Europe near the 80-km level;
(d) Rocket data of pressure at 70 km height in Eastemn
Europe in winter 1974/75.

information about day-to-day chenges of atmospheric characteristics, nmainly
air pressure.

- Thus, indirect phase height messurements are a useful completion to rocket
measurements, because they allow continuous monitoring of the D-region also
between the rocket soundings and, therefore, support the valuation of the
rocket results according to the respective background.
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MEASUREMEKTS OF PARTIAL REFLECTIONS AT 3.18 MHZ
USING THE CW-RADAR TECHNIQUE

" J. Priese and W. Singer

Academy of Sciences of the GDR
Central Institute of Solar-Terrestrial Physics
(Heinrich Hertz Institute)
DUR-1199 Berlin, GDR

An equipment for measuring partial reflections using the FM-CW-radar
principle at 3,18 Miz, recently installed at the lonospheric Observatory
Juliusruh of the CISTP (HHI), is described. The linear FM~chirp of 325 kHz
bandwidth is Gaussian-weighted in anplitude and gives a height recolution of 1.5
ka (chirp length is 0.6 sec). Preliminary results are presented for the first
observation period in winter 1982/83.

INTRODUCTION

A partial reflection experiment vas put into operation in December 1982 at
Juliusruh (geographic coordinate 54.63°N, 13.38°E, L = 2,62) and is firstly
applied to study different D-region parameters such as electron density, height
of reflecting layers, and fading periods. This method gives an important
enlargement of the well-known groundbased methods such as Al/A3-absorption
neasurcoents, indirect phase-height measurements and meteor-wind observations,
vhich are being used in our Institute for diagnostics snd ronitoring of the
mesosphere and lower thermosphere.

T STRUMENTATION

The functional scheme of the transceiver equipment is given in Figure 1,
The chirp signal is generated by an ultra-linear VCO, the frequency ripplis of
which being smaller than 300 Hz over the vhole sweep width (further parameters
are listed in Figure 2). High linearity is obtained by matched forming of the
controlling voltage following a pover series of third order in tice (KALASS,
1977; KALASS et al., 1981). L

The envelope of the signal aaplitude is frequency weighted by Gaussian
band-pass-filters in both directions of transmitting and of reveiving; the 3
dB~band widths being 66.4 kiz. The Gaussian filters designed by TIMPL (1979,
1980) approximate the ideal Gauss~envelope with ripples smaller 0.2 dB down to
=70 dB (the ends of he truncated chirp). The filters are realized by band-
passes of l4th order,

The anplified signal is transmitted by an array consisting of 4 x 4
horizontal orthogonal pairs of balf-wave dipoles installed approximately /8
above the dissipative ground (n® = 30 + j 170); the dipoles of each pa2ir being
crossed vith a distance of 1 m. A gain of 16.5 dB (for one polarization)
referred to the isotropic radiator has been obtained by using the computed
values of the attached Socmerfeld~problem (PRIESE and SCHKEIDERHEINZE, 1983)
together with the measured current distribution as well as the resulting
radiation resistance of each dipole (PRIESE, 1980, 198l). The beas-widths (27°
in the E-plane, 28.5° in li~plane) have been meastred by means of a helicopter
(PRIESE, 1981). The orthogonal arrays are e.cited in phase quadrature and
opposite polarization are obtained be reversing onc of the feed systems,

The receiving array is separated about & wvavelengths from the transmitting
antenna and consists of 2 x 2 orthogonal pairs of resonant loops. The sum
signal will be mplified by 40 dB in an amplifier of low intermodulation
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distorti . (for the first observation period a half-wave dipole could be used
only). arter mixing of the undelayed with the reflected and therefore delayed
signal, the audio frequency components of the mixer spectrum contains the
information of height and emplitude of the partisl reflection. Following the
introduction to chirp theory by KLAUDER et al. (1960) it is well known that an
unweighted chirp-process results in an audio frequency spectrum with range-
sidelobes of the sin x/x-type. A sidelobe-compressiou is absolutely necessary
in order to avoid confusion of the spectra of the partial reflection levels
among one another as well as to suppress the sidelobe spectra of the strong E-
layer reflection and the mutual coupling between the antennas respectively.

Following a2 first idea of KLAUDER et al. (1960), Keiser introduced
Caussian weighting as a rigorous method to reduce the sidelobes, and prepared
the basic parameters of chirp, filters and transceiver (see reports bv BREMER et
al., 1973; KALASS et al., 1981). Furthermore, the chirp process resuits ip the
important compression gain of the signal compared with a ccnstant-frequency
pulse of the same envelope. Power gain N and delay resolution T are given for
an infinite chixp by

N = /r/o ¢ AT, AT 2 /7 o m/Kz.

Based on the desired values of 1 = 10 us (corresponding to a height resolution
of 1.5 km) and a compression gain of N = 43 dB the signal processing parzmeters
shown in Figure 2 have been derived. Additional efforts have been made to study
the effects of sweep truncation as well as of phase and emplitude distortions of
the chirp (KALASS et al., 1981).

Last not least, the sudio frequency spectrum of a detached partial
reflection level is obtained (after some omissions) in the form

f _ T ]2) .
5.4 Hz 10 us .

X RETIN .z
Aout(f) v exp{- 3 [NATf - Atl } = exp{ 3 [

The 3.4 db width of this spectrum is about 5.4 Hz, so the Fourier-analyzer must
have the same frequency resolution and is hardware realized by active low-pass
filters of 2.7 Hz bandwidth (KALASS, 1977) following the outputs of the
quadrature demodulators., The spectrum of each sweep is analyzed for 30 height
channels from 47.5 km to 91 km with a stepsize of 1.5 km. The A/D converter has
a resolution of 11 bits. For each sweep the amplitude height profile is
recorded on magnetic tape. The data reduction will later be dope on an all-

purpose KRS 4200 computer. - L e

The equipment has two different modes of operation. In the continuous mode
sweeps are transmitted with 2 repetition frequency of 1.25 Hz, in the inter-
mittent mode 10 consecutive sweeps are cmitted at the beginuing of each minute.
Tn both modes it is possible to observe either with a fixed polarization
(ordinary or extrzordinary) or with polarization switching.

PRELIMINARY RESULTS

Data have been evaluated for days with high radio wave abeorption (wiuter
anomaly) and low absorption in December 1982 and January 1983 to investigate the
variability of electron density in winter. For vinter anomaly conditions the
data of December 24, 1982 and January 12, 1983 are presented. On these days,
Al-absorption values on 3 mezsuring paths exceeded the monthly median value by
about & to 8 dB and Al-absorption values in the MF-range (2 Miz) by about 6 dB.
As exauple for conditions of low absorption the data of December 27, 1982 and
January 21, 1983 are used, when LF-absorption was about 5 dB and MF-absorption
about 3 dB below the monthly median (all data for solar zenith angle X * 78.5°).
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In Figure 3, time averaged height profiles (median values) of the
amplitudes of the ordinary (o)~ and extraordinary (x)-mode are shown for the
days mentioned above., The height profiles are smoothed by running averages over
3 successive values. For low absorption the A 4~height profiles exceed the
noise level above 74.5 km and attsin a maximum at about 80 km (on Jar. 21 the
noise level was enhanced by two times). For winter anomaly conditions, signals
exceeded the noise level already at lower heights (on Dec., 24 at 70 km; on Jan,
12 at 67 km). In the height profiles maxima occur on Dec. 24 at 79 km and on
Jan. 12 at 76 km. By analysis of the autocorrelation functions for continuous
neasurements with fixed polarizations, the half-amplitude width: of the auto-
correlation functions were found of the order of seconds, increasing with

decreasing heights.
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Figure 3., Averaged amplitude profiles of the
extraordinary and ordinary component (WA:
day with winter anomaly in absorption).

The basic theory for the differential-absorption cxperiment was given by
GARDMER and PAWSEY (1953), modified by BELROSE and BURKE (1964), assuming that
observations of weak echoes of high frequency radio waves scattered from the
lower ionosphere are caused by Fresnel reflection from discontinuities in the
refractive index. Following these papers, the height distribution of electron
density has been derived from the observed ratio A /A of the backscattered
euplitudes of the extraordinary and ordinary magneto-xoulc components using the
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improved quasi-longitudinal approximation to the exact Sen-Wyller expression of
the refractive index after FLOOD (1980). The height profile of monoeneryetic
collision frequency is assumed as Vo ™ 7.5 x 107 x p, the pressure data being
taken from CIRA 72 including seasonal variations.
In Figure 4 the derived clectron density profiles (solar zenith anples
about 78°) are shown for the data of Figure 3. Noise correction hax veen
performed for the amplitude data by using the noise in the height range §5 to 60
km, where no ionospheric signals are expected. At the upper end of the derived
profiles, the electron density values are uncertain by a factor of about 1.5 duc
to the low signal-to~noise ratio of the extraordinary component.
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Figure 4. Electron-density profiles for winter
conditions using the amplitude data of Figure
3 (WA: day with winter anomaly).

A comparison between the electron density profiles cvaluated for high
absorption conditions with the profiles derived for low absorption stows a
narked increasc in clectron density between 76 and 85 km in the prescence of
vinter anomaly.

CONCLUDING REMARKS

A few exomples of preliminary results have been presented, obtained by 2
new partial reflection equipment using the CW-radar principle during winter

- L::- A PR -



44

1982/83. For the four days cvaluated here it was possible to derive electron
density prcfiles in the height range 72 to 90 km. Under winter anomaly
conditions the electron density profiles show a marked increane between 76 and
85 km by a factor of about 2 to 6 compared to days without winter anomaly.

To check the reliability of the derived profiles it will be of intercet to
conpare the observed absorpticn values in the L¥- and MF-range with the
theoretical calculated absorption values for these clectron density profiles.
Before the forthcominz summer observation period the provisioual receiving
antenna will be replaced by the designed receiving array. 1In future it is
planned to implement a partial reflection drift equipment.
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ABNORMAL CIRCULATION CHANGES IN THE WINTER STRATOSFHERE,
DETECTED THROUGCH VARIATIONS OF D REGION IONOSPHERIC AEBSORPTION

B. A. de 1a Morena

INTA-CONIE
Kuelva, Spain

ABSTRACT

This paper intends to introduce a method to detect stratospheric warmings
using ioncspheric absorption records obtzined by an Absorption Meter (Method
Al). The activity of the stratospheric circulation and the D region ionospheric
sbsorption as well as other atmospheric parmeters during the vinter anomaly
expericnce an abnormal variation. We have found in our obscrvations a
sinultaneity in the beginning of abnormal variustion in the mentioned paraseters,
using the absorption records for detecting the initiation of the stratospheric
wvarming. Results of this scientific experience of '"forecasting™ in the "El
Arcnosillo" Range, are presented in this commumication.

INTRODUCTION

For the last ten years, “El Arenosillo' Range has becn participating in
international progranrmes dedicated to the study of winter strstospheric sudden
waraings with the launching of cetcorological rockets, and with the analysis and
distribution of the wind and temperature data recorded, following the rules
given by the international scientific comzumity.

The exceptional advantage of a station for the study of the atmosphere with
ground-based equipment combined with a rocket launching range, has allowed the
sinultancous analysis of the behavior of different parameters of the viddle
atnmosphere during the periods considered as winter anomalies, It confirms that,
for the latitude of "El Arenosillo", thc abnormal variations of the absorption
parzaeter in the ionospheric D region appear simultaneously with circulation
changes (i.e., rotation of direction) of the stratospheric wind that accompany
the sudden wamings (MORENA, 1981) as well as a lack of variation of the para-
meter teaperature in the mentioncd period of winter anomaly.

Analysing Figure la, it can be observed that in the winter period 1975/76
the zoral circulation in the upper stratosphere which presents vest component
coincides with normal values of absorption for that winter period (from 20th
Dec. to 5th Jan., 9th to 18th Jan., and 27th Jan. to Sth Feb,), and on the
contrary, the abnormal changes.of the zonal circulation to winds of East -

.conponent correspond to variations of the absorption which are higher than their

nean value, On the other hand, the period of winter 1976/77 which vas
characterized by the absence of circulation changes in the upper stratosphere,
shoved a normal behavior of the parmeter absorption in the ionospheric D
region, .

Figure lb is a clear exanple that the temperature in the stratosphere
virtually shows the same variations during unstable periods (as in winter 1975/
76) and in periods of circulation stebility (ss in winter 1976/77).

Bascd on this, the present experimental study, whose finulity is to detect
the appearznce of winter stratospheric circulation changes in middle latitudes
and to follow its development through the observation of the abnormal variations
of the ionospheric absorption parzacter in D-region, was started. The practical
check-up of the mentioned prediction system hae been carried out for the last
tvo periods of winter snomaly (1981/82 and (1982/83), using fourteen
meteorological rockets Super-Loki, the stratospheric balloons end continuous
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, once again confirm the simulteneous
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appearance of disturbances in the normal behaviour of these atmospheric para=
meters (Figures 2 and 3), Figure 2 presente a typical winter anomaly with two
notable stratospheric changes represented in their meridional and zonal
components, being evident in the irregular behavior of the ionospheric absorp=
tion in the D-region, with values which are higher than the mean value
registered from 1976 to 1982, (We consider the mean value of absorption
obtained during the solar cycle, represented by the continuous line, as more
significant.)

The periods of maximum absorption coincide with a meridional circulation of
North component in the whole stratosphere, while the normal values of absorption
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correspond with a wind circulation of East and West component in the upper
stratosphere. In this diagram, it is easily seen that the meridional circula-
tion precedes the change of zonal direction to winds of East component, The
stratospheric temperature could not be measured during the winter period 1981/82
due to technical problems of the reception system.

Figure 3 analyzes the winter anomaly 1982/83, This was characterized by a
period of circulation stability and of absorption, only altered by two weak
beginnings of meridional circulation changes in the upper stratosphere, which
coincided with sudden increases of ionospheric absorption that were easing off
as the zonal circulation was being re-established, Similar as in the winter
period of 1981/82, meridional winds of North component preceded the changes of
zonal circulation in the upper stratosphere. As expected, the temperature did
not experience any notable changes and its behavior was similar to that observed
during the winter periods of 1975/76 and 1976/77.

Figure 4 gives a synoptic representation of the direction and intensity of
the stratospheric wind during the analyzed periods of winter anomaly 1981/82 and
1982/83, offering a more intuitive image of the base used in this possible
prediction system.

It can be observed that when the absorption is higher than the established
mean value, a change of meridional direction in the wind circulation of the
upper stratosphere begins simultaneously (15th to 19th January 1982, lst to 7th
February 1982, 28th of Janurry to lst February 1983 and 1Sth to 17th February
1983). On the contrary, periods of normal absorption indicate that the circula-
tion has been established dominantly in East or West zonal compoaents,

It is important to bring out the processes initiating the circulation
change observed during the 28th and 30th of January and lst of February 1983 by
its possible application to the formation theory of the "warmings" through geo-
potential fluxes, as well as the sudden and big increase of the ionospheric
absorption in these days, which reached the highest values recorded in El
Arenosillo for the last ten years,
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CONCLUSIONS

= An evident. correlation.between the behaviour of the absorption parameter in
the D-region, and the wind circulation in the upper stratosphere during the
periods of winter anomaly is observed.

- Significant increases of absorption indicate the beginning of a circulation
instability (turn-round of the wind direction) and the establishment of a
meridional component of the wind in the upper stratosphere,

~ Normal values of absorption indicate that the circulation is established
dominantly in zonal components.

- The mean value of the absorption increases during those winter periods which
are characterized by circulation instability,

- Winds of meridional component precede the abnormal change of the zonal
circulation,

- Since the stratospheric temperature does not experience any notable variations
during the periods of winter anomaly, the system of alert and prediction of
sudden warmings (stratalert parts) has great limitations to be used in the
middle latitude of El Arenosillo.




50

WINTER ANOMALY 81/82

€1 Argnostio (3T.AN-ETw) Time 1221UT.
0~
ol » ~ '}\ “
O » [, [
= wr 7 = 9 <
= e e - —
o+ <. v [ -
g 7 bl (, - -
& ¥ o2 % £ -
o -
5 o} L. - ttal -
a [ s ~ PRI —
o ~
i Dt T
o op A TN = N 7
{ A - S P O
) f Ny e Y Y
ZO—L PR S N NSt T
@
2
o
-t
20 —-=- 12014 UT.
— tnI7 uUT.
[l 3 wain From 1976 1o 1983
1 1 1 i i 1 1 1
[} 20 25 3 E} 10 [} 20 i)
JANUARY FEBRUARY
Figure 4a.
WINTER ANOMALY 82/83 !
€1 Arsroulio (3TIN-6.TW} Tre 1281 UT. ¢
-
ok - e b -, rf - >
- > i e “ < P
£ 4 :V“" -~ A S
= el e Y v -
[ — [
& ” i 7 =
2 - e - -
= - .
o) v 7 i Q > >~ .
< - - - i - —- .
- \1‘, - e e :
e /.‘—_, - M e -— Sos
- S s e M e — SN
- - Lo a mae A
[ /.//v o KA L eSS
2 ~ Lo & Nl poe
5 r-a\‘ \/‘\_-,"
g f\/\/\'\/\
o
14
\// :
m———— 2014 UT *
— g tel? uT.
o i From 1976 to 1983 N
1 1 A 1 1 1 1 1 4 N
15 20 23 3 ) 10 13 20 25 ]

JANUARY FEBRUARY
Figure &b,

ORIGINAL PAGL
OF POOR QUALIVY

B AL

o




51

REFERENCES
. Cisneros, J. M, (1974), I Geophys, Geodesic National Assembly, Spain, Vol. 1,

. 637.
de la Morena, B. A. (1981), IV Geophys, Geodesic National Ascembly, Spain.

. o - e 4

P . m

"



[




g

o

3

.

RS

N
.

. / )
3752 { N85-20459

WINTER ANOMALY OF THE LOWER IONOSPHERE AND ITS POSSIBLE CAUSES
Z. Ts. Rapoport

Institute of Terrestrial Magnetism
Ionosphere and Radio Wave Propagation (IZMIRAN)
142092 Troitsk, Moscow Region, USSR

INTRODUCTION

It is a well-known fact that in winter the midlatitude lower ionosphere
differs considerably from that in summer., This was first discovered as a result
of the analysis of ground-based measurements of radio wave absorption in England
(APPLETON, 1937). The phenomenon was named the radio wave ionospheric absorp-
tion winter snomaly. Later om, we began to speak about winter anomaly of the
lower ionosphere, having in mind that a number of parameters of ionized-.and
neutral conmponents of the medium behaves anomalously in winter,

The winter anomaly at midlatitudes shows itself distinctly in MF and HF
radio wave ranges. On a long-time average, the maximum value of absorption for
a constant solar zenith angle is observed during the winter solstice; it
decreases almost to sunmer values symmetrically towards the equinoctial periods,
Another distinctive feature of the winter anomaly is the enhanced day~-to-day
variability of the absorption in winter compared with other ceasons of the year.
Beside the general increase of absorption level, called normal winter anomaly
(SQUWENTEK, 1971), there are days and groups of days with excessively high
absorption., The zone where the ancmaly is observed has a low-latitude boundary
below which the anomaly vanishes (sce, e.g. LAUTER and SCHANING, 1970; ELLING
et al., 1974). It should be also noticed that the magnitude of the effect and
the duration of its occurrence decrease with latitude (e.g. RAPOPORT, 1974),
that the anomalous region has a zloudy or spotted structure (e.g. SHRESTHA,
1971). The winter anomaly occurs also at high latitudes in the auroral zone in
any case but here the effects caused by sporadic energetic particle fluxes are
superimposed on those of the winter anomaly (RAPOPORT, 1979).

There have becn many attempts to explain the winter anomaly. We should uot
like to dwell upon all hypotheses suggested. We only want to point out that
sowe scientists regard direct precipitation of energetic particles as the unique
cause of the anomaly at all latitudes where it is observed (e.g. SATO, 1981). e
Other authors assume that the winter anomaly may have also the causes completely
independent of particle precipitation, i.e., changes of temperature and gas
composition, mairly an increase of nitric oxide density ionized by Lyman-
radiation (e.g. OFFERMANN et al., 1982). It scems to us that these opposite
stand points do not exclude each other, that they may operate simultaneously,
and their relative contribution is different in different cases, as it depends
considerably on the latitude of observation \e.g. THOMAS, 1971; BREMER and
LAUTER, 1982). We think, next, that the intensity of energetic particle fluxes
in the auroral zone and the dynamical structure of the whole middle atmosphere
on the levels of the lower thermosphere and mesosphere are definitive for the
widlatitude mesosphere conditions. We also think that a correct interpretation
of the midlatitude winter radio wave absorption changes is possible only if the
whole spatial~time pattern of the event is taken into account. Our analysis is
based on data obtained during an integrated experimental progran carried out in
the USSR in January 1981 and partially in January 1982,

INTEGRATED EXPERIMENTAL PROGRAM RESULTS

Integrated ground-based and rocket experiments were performed in the USSR
in January 1981 and 1982 as a part of the International Middle Atmosphere
Program., The rockets M~100B launched in Volgograd (v = 48.7°N; A = 44,3°E;
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& = 43.1°) provided height profiles of electron density, wind and temperature,
Radio wave absorption data obtained by AI method in Volgograd and f . para-
meter values obtained at a number of Soviet ionosonde stations were used to
determine the situation in the lower ionosphere. The results of these
integrated experiments have been presented at the COSPAR Symposium in Ottawa
(PAKHOMOV et al., 1982) and in Alma-Ata (PAKHOMOV et al., 1983). The ground-
based data showed that absorption in Januar, 1981 was typical for winter
conditions, The geomagnetic ficld during the whole month was rather quiet.
Fxcessive absorption was observed on January 12-16.

Figure 1 shows electron density altitude profiles (Ne(h)) obtained by using
the coherent frequency technique on rockets M-100B on the anumalous day of
January 14 and on normal days of January 21 and 28 in the morring (Figure la)
and in the afternoon (Figure 1b), the solar zenith angle being x = 78°. These
profiles may be compared with that obtained on January 29, 1980, a day con-
sidered as free from the influence of winter anomaly. One may see that Ne
values on quiet winter days (Figure l2) exceed Ne va. es {or the day free fron
anomaly in a considerable aititude range (= 75 tc 90 km), whereas He values are
higher on the day of the enhanced absorption than on a day with regular absorp-
tion (h = 70 to 95 km),
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Figure 1. Electron density altitude profiles «¢otained
by coherent frequency technique in Volgograd; solar
zenith angle x ~ 78°. (a) forenoon profiles. (b)
afternoon profiles. 14 January is the day of exces~-
sive absorption; 21 and 28 January are days of normal
winter abscrption., The profile obtained on 29 Febru-
ary 1980 at x = 80° is shown for comparison.

Figure 2a shows temperature profiles obtained on January 14, 21 and 28 as
well as the CIRA-72 standard profile. The lower part of the figure (b), shows
the measured temperature deviations from the corresponding standard profile.

The characteristic shape of these AT (h) curves shows explicitly the influence
of atmospheric wave processes on tcmperature distribution, not only during the
excessive absorption but on norma. days, too. It should be also noted that the
temperature was lower than the standard one on the day of excessive absorption
as well as on days of normal winter absorption in the region of enhanced
electron density (above 70 xm). The temperature height distribution on the day
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Figure 2, (a) Temperature altitude profiles above
Volgograd obtained on 14, 21 and 28 January 1981.
The dashed line shuws the standard profile CIRA
1972. (b) Altitude profiles of temperature dif-~

ferences AT = T meas. - TCIRA'

vith excessive absorption does not show any peculiarities. We should like to
call attention to this result, since a rise of the temperature is often con-
sidered as one of the most important causes of the winter anomaly because it
must reduce the ion clustering rate which, in its turn, must cause a decrease of
loss rate and, hence, an increase of electron concentration (see, e.g. SECHRIST,
1967).- . R .

The density of hydrated cluster ions which decisively affects the effective
recombination cffective coefficient in D-region is to a considerable extent
dependent on the water vapour content of the medium (cee, e.g. SECHRIST, 1970).
Figure 3 (FEDYNSKI and YUSHKOV, 1979) displays water vapour density profiles
obtained above Volgograd on January 10 and on February 2, 1978. The day of
January 10 may be considered as an anomalous one (according to data from Hoscow,
mean of five ncar-noon values f = 2.5 Miz) while the day of February 2 is a
normal one (fm = 1,3 Miz). One may see that the water vapour density on an
gaomalous day 1s considerably lower than on a normal one: at 60 ka altitude it
is 6 times lower while it is 3.5 times lower at the altitude of 80 km. In this
way, it secms that this result confirms the idea that the water vapour is one of
the most important factors determining the elect.on density increase and
excessive absorption in D-region, Water vapour density was also measured in
January 1982 (Figure 4) =-- the profiles lLiave been obtained on 13 and 19 January
1932 at night at y = 145° and 144°, respectively. Within the measurement
accuracy these profiles coincide with that obtained in quiet winter conditions
na 2nd February 1978 also shown in Figure 4. Yet, the absorption was rather
high on these days in Volgograd (at 2.2 Miz about 50 end 40 dB), This suggests
that it was not water but other factors that determined the lower ionosphere
conditions during this period.
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