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i SPRING CHANGEOVER OF THE MIDDLE ATMOSPHERE CIRCULATION
COMPARED WITH ROCKET WIND DATA UP TO 80 KM
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The middle atmosphere circulation is governed by two seasonal basic states
in vinter and summer, twice a year scparated by relatively shortlived reversal
periods. In this paper we will deal with these seasonal basic states of
circulation and the spring changeover period between them.

Figure 1 gives the height profile of the mean zonal wind in winter
(December/January) and surmer (June/July) as wmeasured by rockets at Volgograd
(USSR) completed by ionospheric wind measurements in about 95 km height
(Kuhlungsborn and Collm. GDR; SPRENGER et al., 1974). In winter a unifcrm west-
wind system exists from the stratosphere up to the lower thermosphere. The
maximum wind velocity of 70 m/s is attained at the height of 50 km. In summer
there is an eastwind system from the stratosphere up to the upper mesosphere. A
maxiom of wind velocity of 55 m/s is attained in 70 km, but above 85 km again
vestwind is established, For comparison, Figure 1 shows also results of CIRA 72
for 50°N. 1In this reference atmosphere the the winter wind maximw is indecd
e . placed at the correct height, but with 100 m/s it is much too intense. Because

: CIRA for winter months uses only values of Europe and western Aeia a longitude
effect should be negligible. Nevertheless, in order to estimate a possible
longitude effect the single values at 40 and 50 kn height indicate the mean
zonal wind (circles) and the mean zonal wind plus the contributicn of planctary
waves (k=! end 2; stars) to the zonal wind at the longitude of Volgograd,
derived from a harmonic analysis of US-satellite data (NASA) for December/
January 1974/75 and 1975/76. From the mean of these two winters only, the
actually measurcd zonal wind is already well represented. Also this result
emphasizes that these CIRA values are too high.
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During summer, the stratospleric zonal wind is well reflected by CIRA, but
the mesospheric wind maximum after CIRA is too low by about 7 km and too weak by

about 15 m/s. The lower thermospheric wind values are again relatively well
f : represented by CIRA,

The basic s~ates of geopotential height at 30 mb and their change from one
into the other can be seen in Figure 2 for 50°N (latitude mecan) and the North
3 : Pole, Lower heights at the North Pole than in medium latitudes, as in winter,
3 indicate westwind, higner heights, as in summer, indicate eastwind. The change-
over from one state to the other is defined by the crossover of both curves.
Its time is determinsble with an accuracy of onme day, not only in the case of
this 13-year mean (1¥57-1%79) but in general also for actual single years.,
Figure 3 shows the revervsal dates defined in this way of the 30 mb level since

X H 1958. The mean reversal date of these 25 years is April 7 with a relatively
] : high variability of #1..5 days.

An effect of the quasi biennial oscillation can obviously be ceen from the
P alternation of early and late reversals between 1958 and 1967 and again after )
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Figure 1. Mean zonal wind from Volgograd rocket

data (48.7°N; 44.4 °E) during the seasonal basic
states:+ winter (Dec., Jan.), x summer (June, July)
in comparison with CIRA 72 values (c¢) and US satel-
lite data (o mean zonal wind; * mean zonal wind
plus contribution by planetary waves to zonal wind;
and during the spring changeover period (). The
experimental data at 95 km are from ionospheric
drift measurements at the observatories Kuhlungs-
born (54.1°N; 11.8°E) and Collm (51.3°N; 13.0°E).
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Figure 2. Seasonal variation of the heiqht of the
30 mb level at S0°N zonal average and at the
North Pole. Monthly mean values from 13 years
(1967-1979). The dashed parts are extrapolatiomns
of the autumn and spriog branches of the curves,
as sn estimated behaviour without stratospheric
warming effects.
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1977. The difference of reversal dates of consecutive years can attain more
than one month! Since 1958 a secular trend to earlier reversal dates D (= day-

number)
p=-0,52Y+ 132.8

(Y = the last two digits of the year) can be observed. Of course this trend can
only be the expressicn of a lomg-tize climatic variation, and at some time tie
trend will end or even change the direction. Betwecn 1958 and 1980 the above

e than 95 per cent, but when

including the late reversals of 1981 and 1982 the trend is no longer significant

The small rectangles in Figure 3 indicate periods of late-winter zonal wind
reversals. It can be recognized, that in general a late wiater zonal wind
reversal is followed by a delayed final reversal. For 13 vinters without wind
reversals, the peun final reversal date is March 29, whereas for '2 winters with
vind reversals, the mean final reversal date is April 15, That meane the
occurrence of a late~winter zonal wind reversal temnds to delay the final spring
changeover by an average of 17 days in the 30 mb level.
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Figure 3. Spring reversal dates of the 30 mb level (-)
and the occurrence times of the spring ionization
minimum in the lower ionosphere (o). The rectangles

* indicate periods of late winter zonal wiud reversals.

Figure 1 also shows the mean zonal wind height profiies for the last March
decade and the three April decades (centered at 25tk March, Sth, 15th and 25th
April). At the end of March the sezsonal changeover begins in the mesopause
region and within the next 20-30 days it comes dowa to the middle stratcsphere.
With the position of the obsexving points mentioned above, this result refers to
the longitude secter of central and east Europe and to a latitude of about 50°N,
Around the middle of April the lower thermospheric east wind attains its most
intense value. After that time it breaks down and changes again to westwind,

which is then maintained during sumer.

Figure &4 investigates if the classification of "early" or "late" spring
changeover in the 30 mb level is valid for the whole height profile. Foxr this
purpose the mean of zonal wind profiles were evaluated for 4 "early" ycars
€1974, 75, 78, 80) and for 4 "late" years (1967, 68, 69, 70). In the 4 years of
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Figure 4, MYean zonsl witcd profiles (cean of 20 days
in esch year centered to the given date) over
Yolpeprad, conpleted by ionospheric drift messure-
vents at 95 k {roew Kuhlungsborn and Colla, in
the cases of & years with late and & years vith
carly sprieg changeover in the zoual zverage of
the 30 &5 level (sce Figure 3),

“early* case the nean changeover date of the 30 nb level (as given in Figure 3)
is Karch 17, and in the "late" case it is April 21, i.e, a difference of adbout
one wonth., After Volgograd rocket data these reversals at the teight of 23 kn
(about 30 mb) take place no April 17 and May 2, respectively, i.e. & difference
of only 15 dsys. This cmaller c¢ifference may be an effect of the longitude of
Volgograd, but in spite of this smaller effect 1n the dats of Volgograd the
“early" and "late” caces can be recovercd in alcost all heights up to the lover
themoephere znd can be identified already about one wonth before the actual
reversal from west- to eastwind in the stratosphere by westwind velocities being

snaller o the carly case than in the late case.

Because the spring reversal procescen are relstively uniform from the
stratosphere up to the heights of the lover icnosphere ac influence on the
spheric plassma should be expected., From gfround-based absorption znd phase
height ceasurcments it is knowa that the elcctron density passes through a
distinct siniow during spring (LAUTER and ENTZIAN, 192)), The occurrence tice
of this niniocus suggests conparisop with the reversal dates, The results can
be seen in Figure ), Poth parameters are significantly (> 99.9 per cent)
correlated vith a correlation coefficient of v = 0,6, Like in the cace of final
vind reversales the occurrence tices of the ionization pinira are also delayed in
cases of preceding late winter wind reversals: In the wean of the 13 caice
vithout vind reversals the ilcnization =inimun occurs at March 24, in the cesn of
the 12 cases vith wind revereals it occurs at April 5, i.e. 12 days later.

ioco~

The rvesults confirm the statement cade earlier (LAUTEP et al., 1976) that
during winter a dynanical coupling Letveen different layers exists in the middle
atcosphere froms the stratosphere up to the lower therzosphere, and that this
coupling continucs till the final spring reversal.
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