























la Entrance (left) and

exit (right) of "wave
bands", approximately
60 km apart. Note that
the exit zone contains
small bands (for comm-
ent, see chapt. 2.2).

Letters which de-
note points refer to a
cloud map not shown here
(see [10], case 10, of
12 Sept., 1962).

Migration of cloud
point B within four
minutes, with "wave
band" entrance quasi
stationary.
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2_ "Hole" in cc-layer, with faintly
visible fall streaks; case of
14 Sept., 1962, described in [22].

3 _ "Hole band", approx.1Sm in diameter,
in a very shallow ac-layer. Small
scale vertical shear above layer

anticipated.
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7 a(lul)-statistics: Zach point represents an individual case oI ~i-
bands at levels >7 km, enalyzed as to their motion velocity lal, cxnd
the angle a by which their orientation deviates from their motion
direction. This graph includes
16 cases of large asale ci-bands as measured 1956/59 by CONOVL
near 3uston YQ).

5 cases of ci-bands ("polar bands" as they were called), as .ieasur-
ed 1896/97 by SURING near Berlin (@); and

24 cases of ci-bands and streaks which occurred near L:.rustadt 1y
64,@1including small bands and streaks, and

1 :n3e of ci-banding near Kniebis, 1956 e .

Dismaters of full circles in [1i] equal the third root of iue len, trs

[ku)] which the bands at lezut nud.

The crses I to VI were inclucc:d in this statistics and dencied uy

tlieir respective nuuber.

}.c huge circle below IVc means a ci-band depicted in a satelll®:

photo, hence revealing the band's full length [22].

) Of case Nes. 1.4, 5 679 13 1% 1617 8, 19 22, 23 [6], 1n which ci-band allitude 2 8 km.
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bands measured by CONOVER, their altitudes exceeding 8.0 km; the
(only) 5 stereo cases of "polar bands" of an altitude »3.0 km
measured by SURING [26); and a total of 24 bands and streaks at
altitudes > 7 km measured in Darustadt (for more detailed informat-
ion, see below Pig. 7), which add up to 45 individual cases.

Defining
@ = acute angle between band orientation and band motion (the
latter equal to the wind direction at band level);
4a = range of variation of a, within a greater number of band
cases of approximately the same motion (= wind) velocity
(see Pig. 8), and
aa' = lV?ZZE“l.
the range of variation of a, as found empirically, can be approx-
imated by
Aa'x ha|= c. (2)

For bands within an altitude range of 7¢ z <11 km, c~38 [m/aec]l).
In Pig. 7, equ. (2) is represented by the dashed line. It will be
noted that it also approximates the wind shear statistics (Fig. g)
-=- taking into account the above described weaknesses of the method
underlying the latter.

In the shear statistics (Fig. 6), 4 % of the points lie beyond the
line defined by equ. (2); in the band statistics it is 5 ».

The principle of this band statistics has also been found to apply
to HEIMHOLTZ waves of mesoscale horizontal extent (REUSS, [22]?.
Since waves orient normal to vertical wind shear, the normal of the
waves is the direction which in case of a wave statistics substit-
utes the band orientation,nn the statistics.

With an increasing number of cases summarized in this statistics,
the latter will asymptotically approach a long term average distrib-

ution. Its relative,distribution is assumed to equal that of Pig. .
froquou)v -

Since the long term average of high level wind velocity,
T;:T, is known to depend on the geographical positign, it follows
from the da(lusl) relation that the mean value & = Ja/n, must also
be related to geography2 .

1)-denotca "approximately®; at lower altitudes, c has smaller values
2 It is evident from Pig. 8y that 349;- . P

Jince o and «' are related, 4«’(1ui) establishes alse a function da /i), which wl Jurther

be employea
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0 —ex 90°
(a) (b) «©) d)

3 Absolute freguencies of « in 15°- intervals, versus o, of o band cases at
(a) greal average motion velocity (16 cases of Cowover [é];
(b) moderate « . * (5§ -« S0RiNG 2], not very representotive due
to small number of cases ,
(c) small average motion velocity (2¢ cases which occurred al Jormstodt and Knieks ;
(a) total of (a),ts), (c),
as deduced from Fig. 7 .

i

due to seasons and long period weather situations, should be
accounted for.

The absolute frequency distributions of a as derived from Fig. 7
for different places of measurement, and divided into 15°-intervala,
are depicted in Pig. 9.

It suggests itself to deteruine long term mean values -- breaking
down into seasonal means -- of high level winds as well as the re-
sulting Yo values, of more areas of the world (and to compare these
to routine pibal and satellite-photograph measurements).

A similar relation results if we apply aa(lul) to one 8single large

scale system of band! extending in areas of very different wind
velocities (Pig. 10) ). Evidently, the "onset" of strong vertical

I)To characterize the situstion, a somewhat exaggerated picture was
used. However, in rare casc:, such as case 1 of this report, even
more pronounced situations of this type occur.
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1l Two different types of addition of thermal wind vectors.

3.5. Causes of the aa(u)-behaviour

may at least be twofold: (1) In terms of wind and thermal wind: We
enticipate the existence of thermal winds Y00 —850 mb, 850—-300 mb,
cos PyPPiyq v ceee s 300250 mb, which all possess app;oximately
the same amount of vertical wind shear (of the order 1072 sec'l).
If we disregard of the surface wind and of friction and eventual
ageostrophic effects, the thermal winds add up to the actual wind
(Fig. 11).

In case (a), with all thermal winds having nearly the same direct-
ion, the resulting actual wind will be (1) nearly parallel with the
thermal wind close to its level1 , and (2) of great amount.

In case Sb!, with a "random" addition of thermal wind vectors, the
resulting actual wind will in general (1) differ from the thermal

wind direction by greater angles, and w%%} (2) be of comparatively
small amount. The latter effect is oftenvincreased since case (b)

will, as a rule, be associated with smaller amounts of thermal wind

vectors.

Type (a) of this cause (1) seems to be associated wainly with a jet
stream, the stream lines - which are nearly straight for at least
1000 km.

17émall shear vectors directed nc:rly &t a right angle to the pre-
vailing shear are sometines encuunftered. They use to occur within
stable layers which are oo shali w as to have an influence on large
scale band orientation. Thus, tle existence of these "normal" shears
is reflected merely by falls streaks directed, correspondingly, more
or less cross the large scale band orientation.
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