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SPACE AND TIMS VARIATIONS AND TURBOPAUSE DYNAMICAL STRUCTURE
0., C. Overgeldiyev, L, P. Korsunova end Yu., Karadzhayev

Physico-Technical Institute
* Turknen SSR Academy of Sciences
15 Cogol St
744000 Ashkhabad, USER

Studies of different characteristics of turbulence in middle stnosphere are
bofng carried out at present by means of MST-radars, by partial reflections {up
to 100 d=x), radsr znd ptotographic observaticas of meteor trails (£0-100 k=),
and also by rocket (80-140 ka) end grenade (30-90 bm) neasurecents. The laeast
studied level here is a turbopause = & traneitiooal zone between the reginns of
turbulent and non-turbulent wotion at the height of more thea I1CO km. At the
saze tixa, regular ionospheric ohservetions of the tporadic E layer make it
possible to get information of the turbopause behsviour,

Indeed, the E' layer {s the only large-ecale formstion in the nidlatituda
ionosphere whose parmieters are for the wost part determined by dyramical
characteristics of the middle ztmosphere (CERSHMAN et al., 1976). The region of
most frequent occurrence of E_ coincides with the zons of wind shears Baxica
(OVZZCELVIYEV et #l., 1976), ciad ahcsrs being the sources of hydrodymaaic
turbulence at h>100 ke, Thus, the conditions of E. formation aud those of
dynamical stability conservatiot frove to be interconvected, a fact vhich allovs

. us to cansider t. to be a natural indicator of the turlopsuse,

An izportant property of F, is transparence, caured by the scatterang of
radio vaves at szall-scale irregularities uf electron depeity, thoee arc {rom
randon turbulent motious (CERSHMAR and OVEZCELDIYEV, 1373), The increase of
turbulence intensity leads to the increase of E_ inhomogenecily extent end to
the increase of tae scattered enorgy pert. It f.zds to the increase of E
transparence range (Lf,/f, ). We say ju this respect that the valuc of the
transparence range is a peasure of the turbulence intensity &t the height of the
sporadic lsyer. Thus, studying £ behaviour one <an realire soce of the
characteristicy of lover therzosphere turbulence. These statecents are lone
firoed by investigeting the dynsmical structure of the turbopause by zeans of a
spectrum analysis pethod, ’

To illustrate the above mentinned, see Fipure 1 where the profiles of E
transpurence vange are given for Ashkhabad, the data having been obtained by
hourly observsticos iu 1957-65 at daytime (éolid lime). Tle dotted lice
represents the probability of £ occurrence at various heighte. A common

‘feature for all profilus is the transparence increase st the heiglhit of $0-1C0

kn, indicating turtulence intensification at thie height level, Sicce a trano-
parcace renge of less then G.1 (in relatave unite) is induced by radio vave
reflection from s thin ‘ayer but not by a scsttering ou the irrepularities
(XCRSUNOVA, 1974), ite corresponding height indicates a level vhere turbulence
does not play eny eignificant part, i.e., the turtopause. It is cvident that
the heignt of maxioun &, occurrence coincides with .his level within a fev
kilometers.

Time spectra of the critical frequency f E  and blaaketing {requency
" 0°8 : ?

f.E for the records of o spaced chain of icnosphere vertical sounding
lkagionu have becn studied by ccens of a nsxioum entropy method, vhile coherence
spectra vere analysed vith the Blackman and Tukey wathod (FARALIHAYEV, 1982).
It hss been found out that the frequency parsmeters spectrun of E_ withia the
range of 1~10 cyclea/h is discrete with one or two maxima (Figure 2). The
first, a lov frequency maxizua with T=40 oin, is of larger e=plitude, stable and
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Figure 1. Height profiles of Eg occurrence and

. -

tronsparence reonge (%Sb) for Ashkhabad,
. N lh.

exists permanently; the cecond one with T=10 nin is less stable, occure
irregularly and more often so within f E_ spectra, Further, the first

maximm corresponds to a higher level of coherence wvhich decrecases as the
diotance betveen the ststions increases. Analysing theee results in terxs of
the theory of E_ forzation at mid-latitudes, one can conclude that the low
frequency raximm is induced by cellular eddies, usually interpreted as wind
shears vith horizontal dimensione of not more thea 300 km. Irregularity, s=all
saplitude and low cohererce in the range of the second maximz are indicative
of the fact that turtulence must be its only eource. Horizontal dimensions of
the corresponding eddies, which are about 40 kn, may be regarded as an
indication of the cuter acale of turbulemce. A corresponding spectrum of
turbulegce in the region of the outer ecales is defined by the expression
E(k)"k_ .

Figure 3 shows diurnal variations of (a) the wost probable heights of E
and (b) traneparcnce range characterizing the behaviour of the turbopsuse height
and of turbulence intensity for suw=mer eolstice conditions., It is otvicus that
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Figure 2. VMEM power epectra t.E;(1),
£, E, (2) end coherence spectra of
these parmeters,
at mid-latitudes varies vith a semi-diurnal period, reaching its paxicuz at

0600 and 1800 LT with an anplitude of “10 kn. As it is clesr frco trans-
parence range variations, turtulence intensity varies wvith a diurnal period,
reaching its maxizum at night. The mplitude of variations from day-tice till
night is by a factor of 3.

.

Annual variaticns of the above-mentioned turbopause parexeters for night
hours are represcnted in Figure & where the vertical lincs give the dispereion
when computing the average. Figure & shows that the character of hT varia=-
tione depends upon latitude. At +<50°N the turbopause height varies vith an
annual period, increasiag in sucoer and decreasing in vinter, At ¢>50°R
besides & suomer caxioum there edists & vinter maxicuz as well, The &=plitude
of variations increases with latitude, but does not exceed 7 kn. Turtuleoce
intensity has a seci-ennual variation with maxirma at soletices, the wvinter
maxiow saplitude increasing ss the latitude incresses. Circles in the figure
represent the results of the turbopause height ceasuraeots in the rocket
experiments and a small-ecale turbulence (1-5 ko) intensity, defines by the
fading meteor trail reflections for the corresponding latitudes (TEFTIN, 19763
VON ZAHN, 1970; SCQIOLZ and OFFERMANN (1974); ROSENBERG ct al., 1973); GOLOMS,
1974; SCUAEFER, 1969; TRINKS et al., 1978), Tt may be noted that there exists &
patisfactory sgrement in the order of values of the turbopause height and with’
the character of the annual variations of turbulence intensity, messured by
different methods. Regularitics of the turbopsuse space and tiee variations
deduced, are also characteristic of the southern heoisphere stations, situated
in other longitudinal zones.
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Figure 3. Diurnal variations of the most probable

afy

heights of E;, (RE;) and transparence rznge (?——)
b

for swmer solstice.

Thus, from the abtove, one can coume to the following conclusions:

turbulence intensity is higher at night than in the daytize;
the height of the turbopause ino Jatitudes 30-60°K is higher in summer than

in vinter and at equinoxes;

varistions of the intensity of the turbulent processes sre characterized ;
as semi-annual, with maxipa at soletices and ninira at equinoxes; t

the mplitude of Loth turbepause parmeters increases as the latitude

incresses,
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Figure 4, Annual variations of the turbopause heighte
and intensity of turbuleace for nighttime. Circles
refer to the results of rocket measurements.
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