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,. . MEASUREMENT OF THE VERTICAL GRADIENT OF THE SEMIDIURNAL
: TIDAL WIND PHASE IN WINTER AT THE 95 KM LEVEL

o R. Schminder and D. Kurschner

. Karl Marx University Leipzig
: Departwent of Physics
Collm Geophysical Observatory
' DDR-7261 Collm, GDR

ABSTRACT

When supplemented by absolute reflection height measurements, low frequency
wind measurements in the 90-100 km height range become truly coompetitive in
comparison with the more widely used radar meteor wind observationms. For
exanple, height profiles of the wind parameters in the so-cal'ed meteor zone can
be obtained due to the considerabla interdiurnal variability of the average

. nighttize reflection heights controlled by geomagnetic activity.

The phase of the semidiurnal tidal wind is particularly height-dependent.
., The measured vertical gradient of 1/4 h/km in winter corresponds to a vertical
AP wavelength of atout 50 k=.

Wind measurements in the upper atmosphere, at heights between 90 and 100
IR ka, have been carried out at the Collm Geophysical Observatory of Kari karx
| : University Leipzig for a number of years now. These measurements usc the
closely~spaced receiver method and three measuring paths, on 179, 227, and 272

. kHz. They take place every day between sunset and sunrise, i.e., nightly. A
: . pight in this sense may last as long as 18 hours in winter. Both the measure-

i ments and their evaluation are completely autozatic, and the prevailing winds
///F and tides are separated.

This technique has a number of advantages which, apart from being able to
assign wind readings to accurete heights, could be described as follows:

(1) Daily measurements can be made over longer periods with comparatively
simple equipment and give very good information at low cost.

(2) Wind measurenents are possible on several reasuring paths from one point.
This gives representative data on the average wind conditions over large areas
such as Central Europe, from one observatery. The tranemitters are broadcasting
stations which can be used free of charge over decades and whose operation is
. ] . guaranteed by governments. That means we need .o powerful transamitters of our

: own, and interference is avoided.

(3) Wind variations with very short periods can be studied because of the high
peasuring density of one readi:g per minute and reasuring path, or even more.
For exanple, the average in 1982 was 1.7 reading per minute on 272 klz; eight
readings per minute are possible over shorter pe.iods of tice.

(4) The zonal and meridional wind componerts can be measured at the saume time
and in the same volume in the upper atmosphere.

(5) The wind records are available on-line. Autcmatically opevated equipments
allow the parameters of circulation to be providid with a tice delay that is

LA determined and limited oaly by the period of tidal winds and which is acceptable
\\ 1 for a synoptic metecrology of the upper atmosphere; and
4 .
,1'\‘/j ; (6) The vhole arrangement lends itself to mobile use easily, so that an entire
t, . measuring network could be standardized om this basis.
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frobleme have so far been encountered in dctermining the reference height
sicce these are not pulse neasurexents at vertical incidence but measuresentsa o0
continuous-vave trensaitters at oblique incidsove, It vas poesible to cslculate
the reflection height froa the electron drnsity profiles only in the past, aad
thete vas no way to deternine interdiurcal or stort~time height variations.
This baadicap vas overcone last yeas vith tha belp of a nev wethod developed by
Furschner at our observetory., The absolute value of the reflection height 18
obtuined {rom the .iwe delay betveen the sy wave and the ground vave trans<
wission of rerpeclive wodulation burats in the frequency range around 1,000 iz,
acd this 18 presently dore on the 179 Wiz reasuring path. tryond our
cpplication, the nethod could be used in all cases where ionospheric research is
conducted vith the ai1d of the sky vave cozpanent from 1. £ brosdcasting trane~
nitters, One exmple is A absorption nessurements.

Vhea 1. {. icnoepheric drift ceasurements sre supplencated in this canper
they becowe competitive vith the radar seteor vind method, and this all the more
since the sdvantages of the latter arge hardly used to the full in any field.

The only drsadvantage of the mcthod is that i. f. drift ccrsurcsentd are
restricted to the night hours so that probleos srise in deteraining the diurnal
tidal vind conponent vhich is, hevever, rmall anyvay in nedius and higher
latitudes.

To give an exsmple of the results that can be obtained with this nethod, ve
vould like to present cur wind cessurenents of Deceaber 1982 and January 1983
and drav & fev conclusicns, ke transaitter distance is 170 kn for the 179 KMz

-zeasuring path, 460 k= for 227 alz, and 400 ka for 272 kHe. The rveflection

points are over Central Europe near 52°N and 15°C and are about 200 k= apart at
a beight range betveen 90 sod 100 kn. The average integral ceasuring density
vas more than 3 values per minute.

Figure 1 shovs the results of the wvind ceasurcnents for &n individual night
in Decenber 1982, st the top fnr the zonal cooponent, below for the zeridional
cosponent. The ocan nighttice reflection height is 90 k=, The table gives 2
survey of the resulls cntzined from the harcmonic analysis of the vind records
for cach night during the two conths, using the averspes froo ail three
weasuring paths. As it is seen, the ronsl prevailing vind is mostly directed
toward (he rast, and the meridional preveiliog vind toward the south, Lven &
curenty look at the table shous that there is 8 close cornection between the

phate position of the semidiurnal tidal vind and the reasured height = great
heights 3re equivelent to an eazly phare, and vice versa.

Figure 2 showvs the avcrage 4aily vind variation at two averape height
levels of 90 and 100 km for Detemder 1982, The wind and height values have been
arranged hourly, in tvo groups belov cnd above §4.5 ku, We can see 8 clesr
phase difference in the semidiurnal tidal wind which is somevhat above tvo hours
for a height difference of 10 k=,

Uring the anslyses for individual days from the table, onc csr calculste
exact regression lines, An exazmple would be this particular phase of the sex=i-
diurnal tidal viod. Figure 3 shovs the regression lines for asll three measuriag
paths for the zonal component only, ead for the average from all three paths, in
the latter case for the zonal end ceridional components. The vertical gradiest
of the rhase reeults frono the slope of the regressiou lipe on 179 Wiz and is 8
quarter-tour per kilcaeter, or 7%/kn. Thise is equivalent to & vertical vave-
leagth of about 50 l=.

The slope saems to {all off slightly as the equivalent frequency is
reduced, This apparent reduction results from the fact that the absolute
heights are only ceasured on 179 Wiz and the reflection height variations are
sealler for a steeper N(h') profile and lover equivalent frequencies, The
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Figure I, Daily wind varistions in the upper oesopause
tegion over Central Europe obtained from LF drift
Reasurcments at thz Colln Ceophysical Observalory.

equivalent frequency is 140 Kz for the 179 wue veasuring path, 119 kg for the
272 X wmeasuring path and 70 kHz for the 227 Wiz ceasuring path,

Tt is typical for values of the vertical gradieat of the Phase of the senj-
diurnal tidal wind to he in the range of a quarter-hoyr per kiloseter, and guch
values are found even vhere the usable height range increascs upvard in the
presence of cagnetic storms. The reflection teights depend largely on geo~
magnetic activity, To calculate a regression line we uged the sug of the
valuee for the mix three-hour intervals frog 15 to 9 hours UT. It turned out
that in the range from K, =10 to ¥, = 30 the height increases by & half
kilometer for each wit !hat is nd&ed to the sum of Kl.

Puring stratospheric varzing effects in the UPPEr mesopause region vhen the
prevailing zonsl wind direction ig reversed, the vertical £radient of the phage
of the senidiurnal tidal wind is also 15 nin/ka, but the Sign is quite cpposite:
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Figure 2. Mean daily wind varistions in the 90 kn and

100 ka level over Ceatral Europe (52°M, 15°E) in
December 1982 deduced from LF drift measurements un
3 nmeasuring paths (179, 227, end 272 kiiz) &t the
Coll= Geophysical Observatory. v, = prevailing wicd;
vy - eaplitude of the semidiurnal tidal wind; Ty =
phase of the scmidiurnal tidal wind, time of the

occurrence of the castw:rd snd rorthward wind
maxiuum, respectively.
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Table 1. Results of upper atmosphere vind measurements over
Central Europe obtained from LF dzift measurements on 179,
227, snd 272 kilz at the Collm Geophysical Ohservatory.
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Figure 3, The vertical gradient of the phase T) of the
gemidiurnzl tidal wind in December 1982 and January
1983 deduced frow LF drift ressurements on J reasuring
paths (179, 227, end 272 kHz) and from reflection
height mesauresents on 177 kHz over Central Europe
at the Collm Geophysical Obzervetory (z - zonal
conponent, n - meridional component).
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MEDIUM FREQUENCY PADAR OBSERVATIONS IR THE MIDDLE ATMOSTUERE
P, Czechovaky, G. Schaidt and H. Fopka

Hax Planck Institute of Aeronomy
p=-3411 Katlenburg-Lindau, FRC

ABSTRACT
/

1o Hovezber 1982 the HEATING and the PRE (Partial Reflection Experi~
ment) facilities near Tromso (lorway) were operated together in a pulsed wmode as
a radar system to investipate structures in the middle atoosphere. For the

first time, echoes fron the upper troposphere and stratosphere have been
dotected 01 a frequency of 2.75 Miz.

The paper wvill be published in full in: Journsal of Atmospheric and Terrestrisl
Physics.,
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