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Foreword 
- / 

™*' reJ,ort aum“ri«« the resulte obtained within two year, of 

photogranaetrio cloud studies mainly devoted to olrrua banda. 

These measurements aimed at determining the small and large 

scale behaviour of bands as related to the small and large scale 

state of the atmosphere — the research of the large scale being 

done with respect to application for satellite picture inter¬ 
pretation. 

With these objectives set it is obvious that this work is based 

largely on knowledge gained and detailed problems raised in 

recent years by CONOVER, KUBTTNER, J.S. 1IALKUS, PUNK etc. The 

general conclusions laid down in the introducing chapters were 

drawn from a total of some 20 cases hitherto investigated as to 

both photogrammetric and meteorological data. Out of these case 

studies, six representative ones were selected for subsequent, 

detailed description in this report* The more pronounced the 

pattern of large scale cirrus bands is in the individual case, 

the more clearly do the accompanying meteorological conditions 
reveal their properties. 

The precision photo theodolites used for taking the stereo photo¬ 

graphs were designed and built in 1953 by ASKANIA/Berlin on the 

initiative of Prof. H. KOSCHMIEDER, they were sole paid by the 

SENATOR FÜR WIRTSCHAFT UND KREDIT of BERLIN from funds of the 

European Recovery Program (ERP). Since 1956 the taking of stereo 

pairs, gathering experience in all of the special work of cloud 

photogramme try and subsequent research work, led by Prof. H. 

KOSCHMIEDER, have been financed by the DEUTSCHE FORSCHUNGSGE¬ 

MEINSCHAFT (DFG). Also the stereocomparator, by which the co¬ 

ordinates are measured, is of DFG property. 

The contract underlying this report meant a remarkable impact 

of problems and concepts, to the research done in Darmstadt. 

The contract monitor, Mr. John H. CONOVER, deserves our special 

gratitude for the problems he explained and the many suggestions 

he made in discussions, by his personal notes and in his public¬ 
ations. 



Since Profeeaor H. KOSCHMIEDER had retired in 1963 and, dun to 

bad health, felt unable to carry on as contractor beyond July 1964, 

the contract, for formal reasons, had to be terminât-' before 

all the goals originally conceived were reached. Thus, the emp¬ 

irical part of this research fell short of local (Darmstadt) pibal 

soundingsi however, for some 30 5* of the cases and altitude inter¬ 

vals, they could be replaced by direct measurements of cloud 

motion vectors at different levels. These photogramme trie wind 

measurements estimatedly are of an accuracy up to the five-fold 

of pibal measurements. This is especially important for wind 

»hear measurements. A more serious shortcoming was that in none 

of thé cases stereo photography coincided with satellite passes 

coupled with picture readout. Cloud cover charts as composed of 

local observations are hardly a sufficient compensation since 

they do not clearly reflect large scale geometry of bands, while 

terrestrial photogramme try, on the other hand, cannot exceed meas¬ 

urement ranges of some 200 km. Yet a few single picture sequences 

coincided with satellite photographs. Evaluations of both con¬ 

firmed that the results obtained within stereo range are also 

valid for the large scale [22]. 

Thanks for their loyal assistance in working out this report are 

due to the following collaborators* Dr. Klaus WEGE of DEUTSCHER 

WITfERDISNST/Offenbach, made roost of the synoptic analyses. His 

contributions to the results were signified as such| he has also 

reviewed this report. Mr. Rainer MEISSNER did most of the draw¬ 

ings underlying the Figures and contributed many an idea) he 

also read the proofs. Miss Marianne LUCZKA reproduced all the 

figures which necessitated photographic treatment. Mr. Fritz 

LEHMANN typed the first draft from the manuskriptj finally, Mrs. 

Renate WAGEMANN typed the present fair copy. 

Beside the contribution to this research with a share in funds of 

approximately one third by the DVL, by two third the research 

reported in this document has been sponsored by the U.S. AIR 

FORCE CAMBRIDGE RESEARCH LABORATORIES (APCRL) through the EUROPEAN 

OFFICE OF AEROSPACE RESEARCH, UNITED STATES AIR FORCE. 

Darmstadt, July 1964 

Germany The author 
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summ 
»• (tn.nl ntolU »porttd ln ktn n» b...l 0n n «n.t.» „«.j», 

of oirrun ton of >hlok «tn not onlutt« oonpl.toly but nnl/ 

to th. »tont u to nnnvtr .ptcUX „ut.tlont. Tk. olrrut on... «,ort.4 
h#r« rapraatnt «om typical one*. 

*"*—°*U clrru* b“d*- " d.fln.d und« oknpt. 1, ..r. found to 
orl.nt punll.1 .Itk tk. 1.,,.-...1. l.oth.n. .t .nd ¡¡ n k.lo. 

tk.lr l.r.1 i m n.t of tk. o...., oi bnd. nurtt. .bon • lw.r of 

nth.r .tron« T.rtlo.l .h..r, thl. .hur d.or...ln, (upurd) tonrd 

b*». .Itkout oh.n(ln, dlnotlon oon.ld.nblp. Thl. .tron,-.h..r 
Up« btlov ol-bond. ...» to b. Id.ntlul .Ith . kl^-l.„l fnut .Itk 
th. oold .Ir Iplo, b.lo. ln n.t o..„. ft, 0n. no. (it), th. oold .Ir 

«. .bon th. .tron,-.h..r lV.r. Tk.n, bnd. p.n.nt.d .itkln th. 

W.r of .ton, .h.ur, th. l.tt.r h.d . 1.». „t. 0lo.. t. drpudi.b.tlo, 
In up o..., .tron,, l.r,.-.nl. T.rtlo.l .hur 1. n.o....rp to un.nt. 

lu»..ul. ol-bando . Th. .tron», th. .hur, th. ».t pronouno.d .» 
the banda ganaratad. 

A .... of .,t„„ urtlul .hur .Ithln ,lo. .1». .1.. j), 
. to d.fln. a Nth.rul J.t atnu- (■•• pi,,. 28, 29). 

Sull-aoal. l.t.„l notion .Ithln th. .In,.” of ol-band., tudln, ...p 

fro. th. bud ul., ... .i», »..und) It ... i„ f.ir „ruwnt .1th 

nault. aullar obt.ln.d bp CO«om[«]. h.nd ,p.oln, olou to »*»l.r 
... foud ln th». out. (2 in o... I, 1 in ¢.., n). 

Another queatlon to be answered vaat 

Ho. 1. th. dlnotlon of 1.,,. ,o.l. .hur .. and hue. <h. bond 

orientation — related to the wind direction ? 

An exploration of a great oolleetlre of 

‘ï* *l0Md between high-lewel ehear direct •» 
end high-lerel wind direction, as well of ^ 

““o*;,^; w.4“"" th* ■0*l6,, «A th. .rl.nt.tlo. 

was carried out. 

If .. d.fln. Ad.. th. nn» of «ri.uon 0? », .„d « (1..,. 

IfV r1:(*ttb*tl‘Ut*d ‘•‘»«A. ud th. uou, 
of bud „«on ulooltp, |u|,„l.t., .hioh 1. f.lrlp ..U .pp„xi»tu by 

daf' * ¡ul w c. 

relation, c s 38 ■/aeo la constant for bands within altitudes 

deorellss11 ^ ^ ^ 9Uhin th* Toward lower altitude* o 

Thl. „Utton Upllu th.t « up ...u„ .up nlu. (1.,. do . ,0°) ., 

nip .ull ulooltlu, .hll, it »p „ot „.„d, ,. ,. 
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¿a »30° vith band« aovlnf 51 ■/••oí or 
¿a « 20° with bando aovinf 63 a/ooo» ato. 

It haa to ba aaphaaiaod, howawar» that whila thla ralation ia atriotlj 

▼alid for larca-ooala banda» it aay not ba atriotly valid but yat yialda 
a fair approxiaation for abort banda or atraaka (a.«, fallatroako ate.). 

Sinew différant gwofraphioal poaitiona poaaaao diffarwnt long-twra 

avwrafwa of high-laval wind ▼wloolty — a. «• tha naan hifh-lawal wind 

over tha area of Boaton ia creator than over tha Daraatadt area — tha 

probability f that a band orienta olooa to parallel with tha wind direc¬ 
tion alao daponda on tha area whore it ooeura i 

If ^20° Probability that tha wind direction ia within 20° of 

tha ol-band orientation, ^ ^o *0.7 for tha Boaton area, but only ^20o % 

«0.3 for tha Daraatqdt area.- Datarainatlon of ^2Qo for aora araaa of 

tha world auffcaata itaalf in view of ito eventual applioablllty to tha 

Interpretation of ploturea taken by earth aatellltea. 

Tha general deaoription of theae reaulta la followed by a detailed dee- 

orlptlon of aix different oaeea of olrrua ooourrenoe. 

\ 

f 
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i. General properties and definition of bands. 
™***,****®****®®*!:ii**I**-=******®*««*»*a**aa»aB**a 

1.1. Types of oloud "banda" 

In order to obtain a survey on "bands" and to prepare a definit¬ 

ion of the kind of bande which further interest is centered on 

in this report, we give a brief account on the phenomenology 

and modes of formation of var^'us types of "bands". 

This compilation does not claim completeness. 

Billows and waves as such, which orient at ripht arurle with 
r«p.c* to vertical .ini shear, are excised in aÄe? 

(1) ?Îrï“îrSvfr;ï (“««»sed by) an orographic obstacle. This 
^d800R¿Tl2] ^U” hae »«" ««cribed by äiJir 

(2) ¡lltT.T, thÍ0ÍA„í!«!0„íC^r?lns t0 originate if droplets rreeze in the course of their passage through a wave cloud. 

(3) induce? by a rising cumulus cloud: As observed bv 
¡ Ía?ro¡0-¿t^ÍU‘,0??r0ti°? 0Ter “ «ou;, soSrô® ;?odÍLd 
downwind f“r“. .0^o1e?CÄi ^ 
£ ™na£i1rUlU8 leV91' ¿ence »»i- o»«P22ee2tiitdoi^e 

(4) cumulu® street, occasionally formed in ths lee of an 

2b2í;e.2or?ír2u?2oroí¿iroo5'4if!«to ii au*«^«“ 

Î2ïiaMn?y. y au'lahln*1 whioh thu« produced a local termal 

(5) 

a wín^velocítv"^? °Lth/ ban<i "*re I“®»1 stationary^»epite 

"entrance" and of "exit" did not considerably alt?? their 

exit â“8iis2SsS221LaSMpt?a5fl.Whi0h f0rmad in th» “••a of 
I^a^rafr!Pî10 a?uro? of this large scale wave motion could 
00 km in front of ?hï SSÎrMoeî* locatlon wa8 approximately 

of "band" has an ice cloud counterpart. A typical 
KUSTTHER FÍ? . BV W0°W*RD, has b.Sn describid by 
CTÏTTWER lil]. While its entrance zone looks similar to that 
Sie«18- RÍ Íha exit zone w111 “ “«der similar conditions™ 
else — be more remote from the entrance area, due to th» 
e ay aesociated with the eventual evaporation of ice particle: 
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Entrance (left) and 
exit (right) of "wave 
bemds", 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 hex 
(see [lOJ, case 10, of 
12 Sept., 1962).

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

3 "Hole band", approx. 15 m in diameter, 
in a very shallow ac-layer. Small 
scale vertical shear above layer 
anticipated.



It is obvious that these trails — represented by types (1) to 

(5) — which form in the lee of some kind of source or obstacle, 

orient in the wind direction. 

This is not always the case with the following kinds: 

(6) "Bands" induced by an aircraft flying through a layer cloud 
of supercooled droplets, according to [12]. Naturally, they 
orient along the path of the aircraft. Since the orientation 
of these "bands" is not related to the properties of actual 
wind, it is proposed to call them "pseudo-bands". Results 
of stereophotogramuetric measurements of this kind of band 
were published in [10]. 

(7) Short "bands" which, according to LUDLAM. can be produced 
by fall streak regeneration (SCORER [24])i these bands will 
hence orient parallel to the wind shear which governs the 
fall streak orientation. 

(ö) "Hole bands". Holes of clear air which occur in layer clouds 
such as deoicted in Pig. 2 (14 Sept., 1962, as described by 
REUSS [22]), occur in layers of practically no shear (similar, 
in this respect, to organized hollows » see CONOVER [ö]). 
Correspondingly, "hole bands" originate in a layer of strong 
vertical shear: small scale hole bands (Pig. 3) occur in 
shallow shearing layers. A line example of a large scale hole 
tend is represented by a "crack" 1300 km of lengtn, east of— 
Madagascar, taken from TIROS I at 07:40 of 20 April, I960. 
Large scale hole bands occur in large scale shearing layers 
and parallel the vertical shear. (Por a definition of large 
and small scale shear, see chapt. 2.1). While cloud bands are 
produced by strong vertical shear in the layer below the 
cloud, hole bands may result from — and hence indicate — 
strong shear above. 

Excellent photographs of single "holes" were supplied by 
BRUNT [3]. This author relates these single holes to a cell- 
producing BENARD regime. This interpretation has to be doubt¬ 
ed, since a BENÂRB regime should produce neighboured, more or 
less organized hollows. 

Correspondingly, single "hole bands" can hardly be assumed to 
be in analogy to an AVSEC convective regime. 

(9a) Cumulus streets, also called "rows" [15], parallel mode [14] 

etc. Prom all the other "band" types hitherto described, they 

distinguish by the following features: 

(a) Many streets create and exist simultaneously (for a more 

detailed description, see chapt. 1.2.); (ß) they occur at the 
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same level, (y) are oriented parallel to each other and of 

(cO nearly constant spacing [11,14,15]. 

It is certainly justified, and in agreement with recent 

hypotheses both of KUETTNKR [ll] and J.S. MALKUS et al [14], 

to comprehend these cu-streets in analogy to the "longitudinal 

bands" defined and obtained by AVSEC’s [l] well known ex¬ 

periments. 

Upon suggestions of CONOVER [6] and KUETTNER [ll] — strongly 

supported by our results -- a close analogy also exists to 

cirrus bands [ in our definitioni see (9b) and subsequent 

chapters]. The results of our studies, which concentrate on 

ci-bands, may hence, in principle, be applied to cu-streets. 

(9b) High altitude bands, of cirrus kind in most of the cases. 

Their appearance and occurance is close to that described 

under (a) to (y) in the foregoing paragraph (9a). Hence these 

ci-bands also clearly distinguish from those briefly described 

under (3) to (d). Moreover, they are of large scale character 

as opposed, in general, to the "band" types of paragraphs (1) 

(o)» I* iB this category (9b) which we define as cirrus 

bands. Cases I, II, IV , V, and VI of this report represent 

typical examplesi many"samples and discussion can be studied 

in the excellent work of CONOVER [6]. 

Prior to the description of their relation to wind and stability 

parameters, a more detailed phenomenology of their origin will con¬ 

tribute to the definition of ci-bands. 

1.2. The phenomenology of cirrus band formation. 

According to observations (e.g. case VI of this report) bands 

undergo (at least) three stages of development: 

first stage: A more or less broad («1 km) band of haze becomes 

visible: 

second stage: Within this band of haze, tiny white cloud spots 

("cells") simultaneously come into existence: they 

are arranged along a nearly straight line. 



third stage: While additional cloud spots join to form a broken 

— but nearly straight -- line of cells, the more 

advanced ("older") cells spread laterally, creating 

"wings", toward both sides of the band axis. The cells 

born later continually follow this scheme. 

The slow lateral motion of these "wings" and 

eventual preference of one of these sides due to 

small scale vertical wind shear1^ were first measured 

and described by CONOVER [6,7]. 

Further development may lead to a flattening of b .i 's, e.g. grow¬ 

ing into a stratus-like layer ( casts I, Vi). 

this scheme of development may be not complete and in 
âwoíuT ^068 prove that ci-band formation behaves analogue to 
AVSEC s experimental model, it does prove that cirrus bands form 
by the same mode as cu-streets do. 

A description of cu-street origin, given by PLANK [15] shows 
that cu-streets also obey the decisive second stage (as described 
above). KUETTNER [ll] and PLANK [15] concluded that this stage must 
be proceeded by a band of increased humidity — the latter being 
equivalent to the first stage in the scheme described above. This 
leaves no doubt that ci-bands as well are preceeded by humidity 
bands, at the top of which the bands form. 

The somewhat organized small scale motion within bands as already 

mentioned, which is a vital part of their definition, will be 

described in the next chapter. 

1.3. Small scale lateral motion within ci-bands. 

According to AVSEC’s interpretation of his well known experiments 
which produced longitudinal bands", the existence of these bands 
is acco“Pani»d bv a lateral motion best described as "helical" 
(e.g. CONOVER [6j). The suggestion that cu-streets and ci-bands 
are also accosipanied by helical motion was first made — to our 
knowledge -- by CLEM [5]. Later, on grounds of time lapse movie 
films as well as photogrammetric cloud measurements, CONOVER [6] 
stated that lateral spreading (away from band axis, toward both 
edges) takes place in both cu-streets and ci-bands, details of 
this motion depending on small scale vertical shear (see below): 
he suggested that this spreading represents the visible part of 
a helical motion. Our stereo-measurements in Darmstadt corroborated 

as follows:added t0 the8e empirical results. They may be summarized 

1) For definition, see chapt. ¿.1. 
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Appearance and small scale motion of these bands are in accord¬ 

ance with type (9b), chapt.U, and chapt. 2. The "wings" and 

"wing tips" which emerge from the "cells" toward both edges of 

the band are a few hundred meters (as a rule: 0.2 km) higher 

than the cells| in the symmetric case (see CONOVER [7], scheme 

Pig. 16a,c, or [6], Pig. 2d9 a,c)i the lateral spr^ ng of in¬ 

dividual cloud points on the wings, toward both sides of the band 

axis takes place with a velocity 0.3<v<1.3 m/sec each (cases 1,1, 

VI, of this report). The width of the band, i.e. the lateral 

distance of the "wing tips" of a band, is in the order of 4 km, if 

(the axes of) two neighboured ci-bands are roughly 8 km distant 

from each other. A definite proof that helical motion would exist, 

represented either by a streamline or the path of an individual 

air parcel , appears to meet with difficulties as to both measure¬ 

ment and theoretical support: 

(1) As to measurement: Within a coordinate system which travels 

parallel to the band movement but at a velocity which is 

approximately the mean2) of (i.e. averaged across) the shearing 

layer (see chapt.2), a helical line reduces to a closed line. 

Its form is approximated by an ellipse lying in a sloped and 

slightly curved "plain". The path of an individual cloud point 

(within a "wing"), which is supposed to follow this line, may 

at best — i.e. identifiable ooints taken for granted — be 

traced and measured for 1 km3). In cu-streets it will be even 

lees, since their "wings", as a rule, evaporate, and thereby 

loose identification, before they reach out considerably. 

motion, taking place on a closed path, should be 
stationary in a properly fixed coordinate system, we may 

replace streamlines by air trajectories. we may 
2) 
The exact determination of this velocity would necessitate a 

ofmthÍCvíin “Jtheaiatical Procedure, the result being a function 
comJPnent prose the band axis. This component is 

not known all over the path of the air parcel. 

3) 
22 m/sec at 10 Ion, a cloud area remains in 

the visible range of our zenit-directed stereo cameras for a 
maximum of 13 minutes. With a lateral point motion of 1 m/sec, 
thia oorraaponda to a point path of a one aOO m. An in.'s,,„Zn usL 

’* ^ - masurt ty slenen/sM^ns^hy-. „yu üi, t’tJ 
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Hence this path, measurable at optimum conditions, corresponds 

lo. approximately 1/10 of one closed path along which an air 

parcel would follow in performing a helical motion. Taking into 

account, moreover, strong superimposition of random errors of 

measurement and point identification as well as random motion 

induced by turbulence, it becomes evident that within this 

range of measurement methods, no satisfying results can be ob¬ 

tained concerning this anticipated small scale motion. 

A general theory of these motions will have to consider, among 

other facts, the heat released when the cloud comes into visible 

existence. Another question isj Which is — with respect to the 

band - the vertical position of the layer within which the 

helical motion takes place. There is reason to believe that for 

bands of equal spacing the boundaries of this layer are the 

same as the boundaries of the shearing layer described in 
chapt. 2.2. 

In the next chapters, the relations of the orientation of large 

scale ci-bande to meteorological parameters will be of interest. 

In order to obtain a plain survey on existing relations, it appears 

adequate to divide them into two categories beforehand: 

(1) Laws which are valid without exception, thus being 

applicable to each individual case. 

Laws of this category are discussed in chapt. 2. 

(2) Statistical (or probability) laws, valid for a 

collective of a grater number of cases (or for the 

probability of an individual case). A relation of 

this kind is described in chapt. 3. 



- 12 - 

2. Cloud bande an indicators of therrnAi ^ ssÄssiaegiaaja^jj^j, wind at and directly 

below their level. 

fZ :r;8> ^whioh the orientati°n of d.yiat.d 

inÄ: z^r^dri:::;:.!:"198 up to 9o°’iei - - —- 
» ;r:; :s; ~ ---— 
ThU statenent immediately oalla for acre detailed ooaaents. 

introdu8:::’^.““" a di#0U"1On 0f »--our, 

2.1 Définitlonai 

ffVlô-9 ^r—1 7— mU8t °alntain “ «-rage amount of 

in* iayer of v.rtioal .«"nt ÍZT tlZTnlVT^ “ ^ 

•ill - on a probability basis - f“'r! ! yer* thla ah#ar XXXoasis — be representative for 

(1) « horizontal extent >150 ta, with pr.fer.noe for 
the shear direction^. 

In a coordinate system fixed with respect to the 

mean wind in the shearing layer, large scale shear 
win also prevail for 

(2) many hours (in the order of 10). 

confi?5ed1DiSa[ïo]!8ïft<jeïiationseo?t|0?n^a8 reP°rted in [20], and 
definition of "parallelM no »-roa ar® nllowed for under a 
the 15 stereo cases hitherto investigated ^18 laW Wae found in 
standpoint, small deviations 5!:leatedr ?rom a theoretical 
to be possible. From the emniriooi a^e®strophic affects appear 
orientations as determined from îooVîa?dp°int: error® in isotherm 
must be taken into account. °al temPerature measurements, 

ofPp?oblOT”hoSld1b|dbrStitotaVsoltr??tmeni the kind 
Within a layer of thicW. A7 ^ f°luîlon: A vertical wind shear, 
altitudes is assumed to be measured ®. tropoaPilere and at high 
horizontal maximum s measured at a point where it has its 

distance d (as takin í^th^ Vh^diVsí??1®/8 the hori2ontalt 
at the earn® level has decreased todí/o0n^ at which the a^ear 
most probable value of d es V Wue8tion: What is the 
stability within the shearing lavV^1 o ?f Snax» ÙZ » and the mean 
variables. ««earing layer, and perhaps of additional 
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Small^acale vertical wind ahear may attain and even exceed the 

amount of large scale ahear| it is, however, restricted to a 

more shallow layer. If we arbitrarily confine the thickness of a 

shallow layer to be <0.3 km, the shear of this layer may be estim¬ 

ated to be representative for 

(1) a horizontal extent in the order of £3 x 101 km _ 

more exact values depending on the degree of stab¬ 

ility as well as on the amount of shear within 

the layer1)i and for merely 

(2) a few hours. 

Relative wind ) Uj, at a level p^^ results if we subtract the wind 

vector u0, of the reference level p0, from the wind vector at 

level p^ (if altitudes Z± >Zq and hence the pressure values 

Pi CP0)ï 

ur = ui - «o- 

In the following chapter 2.2., the reference level of the relative 

wind was chosen to be p0 » 500 mb. 

2.2. Wind profile necessary for band production. 

There is no doubt that to produce long (>150 km) and pronounced 

ci-bands, large scale vertical wind shear is necessary. A review 

of the present and earlier measurement results [10, 21] has 

suggested that the band orientation is — at least to a greater 

degree - governed by and parallel with the mean shear in the 

large scale shearing layer adjacent below the condensation level 

of the band. In other words, large scale ci-band orientation 

parallels (and hence indicates) the contours of the relative topo¬ 

graphy of a layer of >1.5 km thickness, which is topped by the 

bands' tops. 

1) 
see footnote 2) on page 12. 

2) 
In techn. report No. 2 [22], it was denoted as 

This expression has been abandoned since it does 
sense mean the relative wind in a thick layer. 

"thermal wind", 
not in the strict 

3) 
The degree to which bands are pronounced increases with the amount of vertical »hear. 
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Due to its importance, the shape of the (relative) wind profile 

shall be described in more detail by a semi-quantitative scheme, 

in which the base of the shearing layer is arbitrarily chosen as 
500 mb. 

Starting at 500 mb, consecutive thermal winds 500-Hd0 mb, 

4tí0-+460 mb, .... 420-+400 mb, will have approximately the same 

direction; therefore, all relative winds ur up to 400 mb will 

have that same direction, the- profile lying in a common vertical 

plane which is hence also oriented in that direction. (This vert¬ 

ical plane may, but not necessarily will, parallel the general 

wind direction). The shear amount is close to 15 x lo“5 sec“1 near 

500 mb, and may decrease to 7 x 10“3 sec“1 near 420 mb. The con¬ 

densation level of the bands, which orient parallel to Up, will 

be close to 400 mb; at this level, as a rule, the vertical shear 

has decreased considerably or even ceased (Pig. 13 employs an 

example, but with a higher level). 

level^i^cu-atreets UU that the condeneation 
itv Í«« 5 * ia Close to the altitude where the wind veloc- 
ciiet?ee? îê«? tS.ma? PLA?K has al8° stata<< that at 
greâÜ ât l^ieïeU 8h9ar 18 8tr0n«ly reduoed- whlla *« 

Still higher, the vertical ehear may remain email or continue in 

any direction, with preference for the opposite (laO°) direction. 

The profile Just described well approximates that postulat¬ 

ed by KUETTNKR [ll] for cu-streete. It represente, in general, the 

Hofil« of the relative wind. In all the cases studied in here, 

/0« approximates the KUET.’NER value, -1 x lo'5 [m*1 sec'1] 

(if a,, parallels the general wind direction, both sign and amount 

naturally apply aleo to the profile of the wind, whereby u can 

ae well be replaced by u, for methods to determine /3.1 ir0B, 

actual ur profiles, see Appendix, page 11. Whether this profile does 

accompany - or even produce - cl-bande as a consequence of the 

quasi-stabilizing effect which, according to KUEïi’NKR, is Induced 

by the profila is a question beyond the acope of our research. 

It is known from the settings of AVSEC'e experiments [ll 

that both curved and nearly straight -wind” profiles produce longi- 

udinal bands. In the free atmosphere, however, according to our 
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photogramraetric results, only less pronounced bands, or "bands" 

as described in chapt. 1.1., occur with a linear profile of the 

relative wind which would surmount the level of band tops. 

2.3. band spacing. 

Prom AVSEC's experiments it is known that band spacing is constant 

if the height of the layer is constant all over the vessel. More¬ 

over, the ratio (spacing/height of layer) is nearly constant 

(*2.5), increasing slightly toward greater dimensions. 

If we disregard of eventual difficulties of applying AVSEC's 

results to the free atmosphere at all, thus assuming applicability 

in principle, we may state — and draw conclusions from _ the 

following facts of experience: 

Bands which come closest to regular spacing are cumulus streets. 

This is plausible, since their convective layer is enclosed be- 

tween nearly "rigid" boundaries, of approximately constant levels: 

the earth or sea surface, and an inversion (or shallow layer of 

increased stability) ,*• according to KUETTNER [li], as well as to a 

few results on cu-streets obtained in Darmstadt. 

In an altitude close to the tropopause, regular spacing which in¬ 

cludes many bands, was observed in one single case (see case I, 

Pig. 7) with a spacing of only 2.2 km. These bands are most probab¬ 

ly topped by an inversion or a shallow layer of increased stabil¬ 

ity, which was just below or even identical with the tropopause. 

Another case of regular band spacing at high levels, though 

not pronounced to that degree, occurred within the band of a layer 

cloud (right part of Pig. la), taken from case No. 10 in [lo]. 

It is evident from further discussion of these bands' origin (see 

chapt. 1.2.) that they owe their formation only to a decrease in 

stability, which 

(1) followed few minutes after the cloud's origination, 

(2) was limited to the thickness of the cloud layer, and was 

(3) caused by radiation and evaporation at the top of the layer, 

and interception of the earth's radiation at the cloud base! 
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Ïhl?tfi5yw1r?«int is to that observed and interpreted 
by LUDLAM U^Jt A few minutes past the formation of a thin sheet 

c*ou^» 8mall dapples create due to cooling at the top 
of the layer, caused by radiation of heat into space, while 
warming takes place at its base due to interception of the 

^rhK®„Ladi*ti0n A If ?alï this daPPled type a BENARD regime, 
the banded type as described above should be denoted as an AVdEC 
regime (of longitudinal bands). 

The presence of (small scale) vertical shear which creates these 

small bands, is revealed by the simultaneous appearance of small 

waves, which are roughly at right angle with respect to the narrow 

bands (see outer right of Pig. lb, between points I and H). 

This case of approximately equal spacing of narrow bands can be 

explained as follows: In view of the above hypothesis it suggests 

itself that the convective layer of this banding is nearly equal 

with the cloud layer2 . If the ratio (spacing/vertical thickness 

of layer)» 2.6, as found by AVSEC's micro-scale experiments, or 

if there is a somewhat different value of this ratio valid for 

clouds in the free atmosphere, then the thickness of the layer 

would be determined with known band spacing. 

In all of the types of cases so far discussed,the convective layer 

was predetermined by pronounced boundaries: Earth or sea surface, 

strong inversion, tropopause, or the surface and base of a cloud 
layer. 

Opposed to these, organized ci-bands, as a rule, display an only 

roughly equal spacing — in most of our cases in the order of 

10 krai it is often irregular with a spread (standard deviation) 

which is in the ord ■ of half the mean spacing (compare cases I, 

II,IV,V of this report). These cases, which represent a rule with 

ci-bands, suggest that due to lack of pronounced boundaries, the 

atmosphere "does not know» exactly which boundaries shall be valid 

as boundaries of the convective (or shearing) layer. In fact, the 

lower boundary is a more or less "blurred" high level front, as 

a rule (an exception represents case IV). 

tt, 
eeSíd ?re*te ««Pl’lesi they were aleo ob- 
atart 11. PÜh»n Îh^Î^081 lR^er oloud”* to create fron the sxart, i.e. when the cloud came into existence 

These small, narrow bands thus do not form "ori'inallv \ » 
out of prior existing humidity bands. ori0inaiiy , i.e. 
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2.4* Thermal stability and other meteorological conditione 

which accompany cl-banda. 

Inspection oi radiosonde measurements of the here presented and add- 
itionai case studies did not reveal uniform values of thermal stab- 
ility, if we define the latter as averaged over the thickness en¬ 
closed between the level where strong wind shear begins, and the 
level closely above band tops. 61 
The decisive accompaniment, no doubt, is large scale shear, as de- 

5®fore* with a horizontal temperature gradient of con¬ 
siderable amount. 

The average lapse rate of ten band cases was(j^-j*-0.77o/100 m (250/ 
4^0 ¿«b layer in U.S. Standard Atmosphere for comparison: -0.652°/ 

100 m). But bands may occur at stability values which deviate con¬ 
siderably, toward both smaller and greater stability. 

To explore the reasons for these different conditions, we include 

other accompanying meteorological conditions in the following survey, 

We define 

Pn as the normal to the paper plane within the frames at left of 
Figs, (a; and (b), page 17, these planes being parallel with 
the temperature gradient; 

relativ® wind» relative with respect to the lower 
of the xayer of strongest shear (at which, hence, ur = 0* 
leal wind shear has constant direction within the layer, 

J»6¿8 Up J • 

boundary 
if vert- 

it par- 

Longitudinal sections, the position of which is marked by strong 
dash-stippled vertical line, are shown at the right of Pigs. (a)(b). 

Uj. will always parallel both must roughly parallel (or more 

seldom: antiparallel) the wind direction, whenever the wind velocity 

is great at band level. In this case, the dashed, enclosed area at 

upper left is occupied by the jet core. Most of the cases reported 

by CONOVER [6] comply to this rule • Ai slo* wind, % mqy atsumt any dirt ci ion (can 1/ 

Thermal stability within the layer of strong shear will depend on 

whether the cold air is (a) below — which is the most common case - 

or (b) above this strong shear layer, with a lapse rate within it 

close to dry-adiabatic. 

Typical ci-bands will preferably form at type (a), such as described 

in case study II (with jet stream) and case one (with no jet stream); 

probably, case VI also belongs to this category. 

Bands of more streaky appearance probably form under conditions des¬ 

cribed under (b), as represented by case IV. (This statement is still 

hypothetical since it is based on only one, moderately pronounced 

case). 

The mean thermal stability in the layer between the lower boundary of 

strong vertical shear, and the level slightly above band tops, is 

greater in category (a) than under category (b). 
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— • AntlClPated ssassi ot th» band-1,Qth«i-m paran.»__ 

dlaousalon of a generalization to other ¿ararngtars 

ia:::.a::r;r:::: b:iieY*that not u„u 
LditLn^ t0 Parallel isoth«™»- leopleth. of 
additional paron.t.r. - Hated below - «leo ue. to parallel the. 

teBperaturé*dÍfferenoeíbetweéñ t0,cha,rt ieoplethe of the 
hence represent a measure of thermalStabil!tvïhe l8??1®ths» whlch 
Isotherms especially well when thïhnîî8*1^ * P®2*®1!*!««! the 
wa. great. Thie ia plaSeibH aino. t^ÎiTtlr enii™ 
cases represent a high level front It la ÎLï Î1 in m0Bt of the 
that even in a case of etroiv a^eoatrính?« Jh«f«£ore, suspected 
shear from relative toporLShy Sla^í ïïi?e,dSVi?tion of vertical 
parallel the isotherms than vïrtînl? »? 51 ubAnds would rRther 
assumption could not be made certain õf^iní®111** However» this 
ageostrophic deviation waa ¿ 8ince no ca8e of marked 
investigated. ™ WÄ8 enco^tered among the many cases so far 

If we summarize 

pr.B.ur. dnoluded, olnc. i.oth.r.s He on a p . oon.t lev.,, 
anount of vertical wind shear, leV*1)' 
humidity* 



cloud cover (as expressed by isonephs); 

thermal stability} 

Renumber, or a different criterion for turbulent CAT} 

large scale vertical motion, and 

streamlines of vertical wind shear 

under the denotation "atmospheric state", there is much empirical 

evidence — in a pronounced manner represented by case I of this 

report -- that the statement of this section can be extended to 

the following hypothesis: Large scale, pronounced ci-bands parallel 

the isopleths of atmospheric state which prevail throughout the 

convective (or shearing) layer of the bands. 
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Statistical law governing the deviation of band orientation 

from the wind direction. 

3.1« Introduction; 

As early as 1ö96, CLAYTON [4] upon Id96 observations of cirrus 

bands over the Boston area which covered the time from ldb9 till 

lü94, made the following statements (cited by KUETTNER, [ll]): 

... at all velocities the majority of bands lies in the general 

direction of their motion and but few at right angles to it* but 

the proportion of the bands which move in the direction of their 

length increases rapidly with the velocity. ... nearly 0O > of 

the rapidly moving bands (more than 100 knots) varied less than 

23 from the direction of motion.” He also concluded that cirrus 

bands have the greatest mean velocity when moving longitudinally 

and the least when extending at right angles to their direction 
of motion.« 

In this statistics, possibly two categories superimpose each other: 

bands and waves. But it is correct, as we shall see, regardless of 

this apparent superimposition, if we add that in cases of slow 

winds, anjr orientation is permitted for both bands and waves^}. 

3.2. Wind shear statistics: 

To obtain a survey on the statistical relation2^, we tried to 

reconstruct the actual relation. Beforehand, there were not enough 

band cases available for an extensive collective [20]. 

Applying the law of chapter 2, band orientation could be replaced 

by the mean of shear orientations within a layer of constant tnick- 

ness; this enables to obtain a collective of a large number of 
cases. 

The deviation of the mean vertical shear, of 400—^300 mb and 

300->200 mb from the 300 mb wind is being defined by the acute 

angles a1 and a^, respectively, according to Rig. 4. 

^According to SEKERA [25], waves .may occur only in moderate 
vertical shear. 
2) 
Also, since we did not possess the original publication of CLAYTON. 
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The mean deviation is defined as 

ag = ? ( lail + Í ®21 )• (1) 

Por a first experiment, 174 days with either small or great wind 

velocities had been chosen by inspecting the weather maps. The 

wind data of routine aerologic ascents of those days were used to 

determine the respective ag values. Concept, method and results 

have earlier been described [20]. 

An improved method, employed later [lO], considers also the 

amount of wind shear* it is as follows: 

Prom the data of aerologic ascents from one station (i.e. Stutt¬ 

gart and/or Emden), aB is calculated (from graphical charts of 

the kind of Pig. 4) for a number of days which is great enough for 

statistical evaluation. Pig. 6 depicts 330 values of a8 versus the 

corresponding value of the velocity u at the 300 mb level. The 

diameters of the full circles are proportional to the mean 

amount s of the mean vertical wind shear amounts s1 (between the 

400 and 300 mb level) and Sg (between the 300 and 200 mb level* 

for scale of s, see upper right of Pig. 6). A correlation of u 

versus s has been shown in [lO]. 

The method still bears the following disadvantages: 
The values as and s (and u) are not precisely known since (1) 
the underlying wind data are relatively inaccurate as to both 
direction and velocity (REITER, [19])* (2) wind data are too sparse 
as to allow for the systematic use of levels closer to 300 mb for " 
the determination of neighboured vertical shear (which would allow 
for a different, more detailed definition and determination of 
®a)i (3) if the wind maximum lies within 400 to 200 mb, the case 
or Pig. 5a will,not be the rule (wind directions were arbitrarily 
chosen as 260°^®id 2ö0° for 400, 300, and 200 mb respectively)* 
instead, in the general case, maxima or minima will occur neither 
at 300 nor at 400 mb, as shown in Pig. 5b. If, in addition to the 
above mentioned equ. (1), we define <x¿ as the mean angle of deviat¬ 
ion of vertical wind from the direction of the maximum wind, and 
s* as the mean amount of the shear vectors neighboured to the 
maximum wind, it becomes evident that a8> a¿ and s4 s'. This means 
that, even at great velocities, a8 may reach or even exceed 45°* 
this has to be kept in mind in judging Pig. 6. However, 
toward an increasing number of cases, an asymptoticolapproach to¬ 
ward the true statistical behaviour would result. 

The same statistical scheme should be obeyed by the acute angle a 

between wind and band orientation, since the latter are linked to 

wind shear. This, indeed, proves to be true (Pig. 7). 
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a(|ul )-statlst;ic8t Bach point represents an individual case of I’i- 
bands at levels >7 km, rnalyzed as to their motion velocity <ul, rjid 
the angle a by which their orientation deviates from their motion 
direction. This i^raph includes v
16 eases of lar^e scale ci-bande as measured lyb6/59 by CONOV],; 

near Boston (®)|^
5 oases of ei-bands ("polar bands" as they were called), as leasur- 
ed ltt96/97 by sORINO near Berlin (®)| and -

24 cases of oi-bands and streaks v/hich occurred near l).nrmstadt 
64,•including small bands and streaks, and 

1 cnse of ci-banding near Kniebis, 1996e .
DiP^*9terB of full circles in equal the third root oi tue lexit^tLs
[km] v.'iiich the bands at leaot j;;td.
The cr.oee I to VI were in tliis ocatistics and denoted oy
t’ieir respective number.
T .e huge circle below IVt means a ci-band depicted in a satellit'’

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

’)P/ ea$e Mts t. ♦, f 4 7 f ci-ian,/altituJ* ^ 9 km.
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"o. Jtatistics of wind direction minus band orientation. 

Beside results obtained in Darmstadt, this statistics includes 

results obtained by CONOVER in 1^56 to 19[5y [6] at Blue Hill 

Observatory, and by SÍTRING in 1ó96 to lü(J7 [26] in Potsdam, i’neir 

results were introduced into this statistics not only because the 

cases measured in Darmstadt were considered too small in number, 

variation 
AOL \ j 

\ small honz. 
\ gradient of 

pressure 
__ _t_ 
90° 

Anticipated relative frequency d-* s^rl ^ 

^eat iVvelPït?«1' 8 at 

The 
at 
rather 

out also because of the much greater wind velocities associated 
especially with the bands measured by CONOVER [6]^\ 

The graphical statistics (Pig. 2) thus contains: 16 cases of ci- 

n-— 
In Central Europe, great high level wind velocities not only 

occur far more rarely than in northeastern USA, but also are almost 
invariably accompanied by low clouds v/hich prevent continuous photo- 
graph/ of eventually occurring him levul cirrus bands. 
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banda measured by CONOVER, their altitudes exceeding d.O lost the 
(only) 5 stereo cases of "polar bands" of an altitude >a.0 km 
measured by SURINO [26]i and a total of 24 bands and streaks at 
altitudes »7 km measured in Darmstadt (for more detailed informat­

ion, see below Pig. 7), which add up to 45 individual cases. 

Defining

o - acute angle between band orientation and band motion (the 
latter equal to the wind direction at band level)j 

oa « range of variation of o, within a greater number of band 
cases of approximately the same motion (» wind) velocity 
(see Pig, a), and 

Aa* s lytgha I,

the range of variation of n, as found empirically, can be approx­

imated by

Aa'» )u)« c. (2)

For bands within an altitude range of 7<z<ll km, c»38 [m/secj^^ 
In Pig. 7, equ. (2) is represented by the dashed line. It will be 
noted that it also approximates the wind shear statistics (Pig. 6) 

taking into account the nbove described weaknesses of the method 
underlying the latter.

In the shear statistics (Pig. 6), 4 ^ of the points lie beyond the 
line defined by equ. (2)| in the band statistics it is 5 yi.

statistics has also been found to apply 
to HEUiIHOLTZ waves of mesoscale horizontal extent (REUSS, [22l). 
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, m 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^distrlbution is assumed to equal that of Pig. h.
frr^waitc^ ® —

_ _  Since the long term average of high level wind velocity,
lu|, is known to depend on the geographical position, it follows 
from the Aa(lul) relation that the mean value a - fa/n, must also 
be related to geography^

••denotes -approximately-i at lower altitudes, c has smaller valuea 
It is evident from Pig. that 04 ^

J/fc, W oW ere j/s, 4 m.U

4e emfhyag.
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3.4. Applications and further confirmation of g(im). 

3.4.1. The mean value of g as related to geography. As was mention¬ 

ed in the foregone paragraph, high level wind velicities are gen¬ 

erally ¿reater in northeastern (n.e.) USA than over Central Europe 

(C.E.). from a random test including 100 days each, the mean value 

of 500 mb wind velocities, !u|* £ lul/n, was calculated for Berlin 

and for Boston_(or nearby stations), respectively. Results were, 

for Berlin! lui * lö m/sec; Boston: |u| * 27 m/sec. Since we must 

confine to days at which long bands would occur*^, hence associ¬ 

ated with strong, large scale shear, and to levels higher by 

¿2 km, the corresponding average velocities of band motion (» wind) 

will exceed the average values just mentioned. With this in mind, 

it is plausible that actual measurements by CONOVER at Blue Hill 

yield luit, *>45 m/sec, while the Potsdam and Darmstadt data yield 

»20 m/sec. This enables to reason that these values come close 

to the real long term average velocity of days with band occurr¬ 

ence. Correspondingly, band cases occurring in the Boston area will 

generally occupy mainly the upper (and hence left) "area" in Pigs. 

d; whereas band cases in C.E. occupy the lower portion of the 

graph, causing a broader distribution. Hence the average ct as well 

will represent roughly the long term averages. The case studies of 

CONOVER yield a »20° for n.e. USA, against ã *40° for C.E. as 

derived by the cases measured in Potsdam and Darmstadt. 

Since the probability y for 0 < a < 90° must be Y» 1 (by definition 

of a)» gigs» 6,7,d enable to derive rough valuee of the long term 

average probability that the wind direction keeps within (an acute 

angi® °*) 20° of cl-band orientation81 ). This probability is 

0.3 for C.E«. while for n.e. USA it amounts to » 0.7. 

As the reader will note, these V values are valid for any large 

scale ci-band regardless of its individual motion velocity (i.e.,^>t 

velocity-independent); however, changes in the local mean velocity 

1^This naturally includes bands not visible 
lower clouds. 
2 ) 
^The well known ltíO°-ambiguity can in most 

Judging the neighboured weather situation; 

from surface due to 

cases be excluded from 
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abiolutt

1 UTL
la) ih)

9_ MstUiit tf tL in m*-minnrnlt, rmtua «t, «/ ci bond eases at
(a) yaaf aesr^ mstion eatseify (tb eases af Comvgn [ij;
(k) medifaie . . • (g . . Sueint [s,J set verjf representaim due

te smat lumber at Cases ,■
^/•city (2b eases which eeeurred ai Barmstadt enddeiebA: 

(dj tetai ef (a), (b)^ (e)^ f
as deduced from Fig. 7 .

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

The abeolute frequency distributions of a as derived from Pig. 7
for different places of measurement, and divided into 15“-intervale, 
are depicted in Pig. £.

It suggests itself to determine long term mean values — breaking 
down into seasonal means ~ of high level winds as well as the re­

sulting y»o* values, of more areas of the world (and to compare these 
to routine pibal and eatellite-photograph measurements).

A similar relation results if we apply na( lui) to one slnjrle larire
JelocitiM*?Pl5 differeUt wind *
velocities (Pig. 10) Evidently, the "onset" of strong vertical

usid ‘^Ho«vir**^in exaggerated picture was
used. However, in rare case;, such as case 1 of this report even 
aore pronounced eituations of this type occure *



strong wind arta \ 

10 Isotherms parallel contours in area of strong wind. 

8hefr c®U8eit ty » tfreat horizontal temperature gradient 

intfinn?1At'etv,8tTe?m,,^ti11 lies in che 8low wind area located 
¿mÍÍ a.tfeam entrance. Por that portion of the band 
which is located in this area of slow wind, the probability is 
comparatively great that its motion component cross the band 

Onnofl«? irthî111 ïas a cons^v:rable share of rmñotion vector. 
Opposed to this entrance position, the major portion of this band 

to ïteBo?hnïI?ÎÔLyel00iUeS an!i lnt0 a nearly parallel 

This touches the question as to the causes of the Aa(lul) statist¬ 

ical behaviour. Attempting an explanation calls for merely at¬ 

mospheric aspects. 

3^.2. Large scale isotherm patterns as related to streamline 

gfiAterns of the wind. As a consequence of the Aa(lui) relation, 

isotherms — at least at high levels -- of an area of great extent 

should also tend to parallel contours toward increased wind veloc¬ 

ities. To encertain of this behaviour, 300 mb contours and isotherms 

of 60 days of the area of Germany were charted. By these charts, 

mean acute angles a± between both line patterns, and mean horizontal 
pressure gradients, g[gpm x km ], were determined. Prom a total of 

ö points at g >50 x 10” (corresponding to great wind velocity) 

«i = 16° resulted» while for 27 points at 0<g^30 x 10“2, an 

average a* « 42° was obtained. 
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11 Two different types of addition of thermal wind vectors.

3.5. Causes of the na(u)-behaviour

may at least be twofold: (1) In terms of wind and thermal wind: We 
anticipate the existence of thermal winds y00-»850 mb, 850-»u00 mb, 
... Pj^-*Pi^j^ , .... , 300-*250 mb, which all possess api.roximately 
the sane amount of vertical wind shear (of the order 10“^ sec“^).
If we disregard of the surface wind and of friction and eventual 
ageoatrophlc effects, the thermal winds add up to the actual wind 
(Pig. 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 
Bhermal wind doss to its level^\ and (2) of groat amount.

In case (b), 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 will (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) jeems to be associated mainly with a jet 
stream, the stream lines v.hich are nearly straight for at least 
1000 km.

^Small shear vectors directed nc rly at a right angle to the pre­
vailing shear are sometimes enco.altered. They use to occur within 
stable layers which are coo shall w as to have an influence on large 
scale band orientation. Thus, the 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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(2) A low level wind of relatively great velocity will, correapond- 

ingly, be accompanied by a relatively great, large scale horizontal 

wind shear. Whatever pattern the upper level isotherms may have at 

the beginning, they will be subject to deformation by this lower 

horizontal wind shear. This deformation may be modified directly, 

and (indirectly:) by the deformation of large areas of ascending 

and descending air movement. (However, cause and effect may, to a 

degree*, exchange roles). The stronger the wind and hence the horiz¬ 

ontal shear at lower levels, the more will the resulting deformat¬ 

ion tend to orient the isotherms parallel to the streamlines of the 

general flow; this, in turn, reinforces or -- depending on the 

direction of the temperature gradient — slows the wind velocity, 

adding to the horizontal shear, etc. 

A well known example is the behaviour of upper level isotherms 

over a Low, from its birth at lower levels, to its occlusion stage. 

There may be interaction between these two and, eventually, 

additional causes, such as turbulent "friction"1)j also, altering 

counts of the thermal winds have to be considered} therefore, this 

explanation may not be complete. 

At any rate, an interaction exists between the roles of cause and 

effect. The statistical relation ¿a(|ul) therefore primarily means 

that great u and small Aa accompany and condition each other to the 
effect that amounts may be derived from local long term mean 

velocities.(it should, however, not be understood strictly in the 

sense that quite in general great u would cause small 4a). 

4.5. An application to vortex patterns. 

In addition to the individual band cases described in this report, 

which certainly represent portions out of still more extended 

patterns, the patterns of large scale vortices, which mainly con¬ 

sist of lower clouds, should also conform to the relations herein 

described. 

Recently, an Atlantic vortex pattern2), which was not related to a 

Tj- 
rather quasi friction, since it is mainly caused by inertia forces. 

2depicted by TIROS IV on 45th orbit, 11 Febr., 1962, at 16:30} 
vortex center was near 37°N, 40nf. 
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Low but to a cold air drop in the 500/1000 mb relative topography, 

was found and discussed by BUSCHNER [2], This vortex pattern was 

not pronounced to the degree which vortices associated with a Low 

— especially in its occlusion stage — usually display; also, the 

vortex center was distant fron the center of the cold air drop by 

400 naut. mi. (where the time interval of 4.5 hours between the 

measurement of both was taken into account). This may to an extent 

be due to the very small number of -- and great distance between 

aerological ascents available for the vast area. 

We agree with the assumption [2] that the cloud bands which "con¬ 

verge" into the vortex center are certainly related to the actual 

thermal wind field induced by the cold air drop. 

BUSCHNER [2] anticipated that a cold air drop which — like this 

one -- is not associated with a high-reaching Low, would occur 

"... only at comparatively small horizontal temperature gradients 

within a field of comparatively strong horizontal pressure gra¬ 

dients ...". Plausible as this appears at the first glance, it does 

not comply with our results (e.g. cases I, IV, and others not 

published here): Especially in case study I severe large scale 

vertical shears opposite to the low level wind compensate the latter 

to the effect of rather weak high level pressure gradients; -- or 

rather because of thi^s — a cold air drop with strong horizontal 

temperature gradient hardly reflects in the contour pattern. 

On the other hand, the A«(JulJ-statistics complies well to the cond¬ 

itions which accompany this vortex: Since the latter in this case 

implied a which are great in general, Act will be close or equal to 

90 . According toAa(jui), this may occur in a region of weak 

horizontal pressure gradients. This is in fact the case with this 

vortex and the cold air drop, since they occurred in that area of 

a High ridge where the horizontal pressure gradient — as an in¬ 

spection of the d50, 700, and 500 mb contours showed — had a 

minimum. 

In the case of another large vortex,^ a considerable portion of 

its large bands (apparently at 700 mb) moved cross their orient¬ 

ation. An investigation of the accompanying meteorological condi¬ 
tions showed t 

^ Tiros I 
5 Apr. 19^0 
30oA, HS0W 

(1) 7“/J0””b®VeryWh8re parallel wlth the rel- topography 

(2) "lnd 8114 ‘’“"'^orientation decreased In 
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APPENDIX 

(I) A brUf aoQQunt on th» proc«dur»t of cloud »fr«o nhotogra—try. 

T«rr«8irial stereo photogr»a%etry, as applied to clouds, has a aoTlng 

target as an object of aeasureaent. This often calls for a taking 

direction other than that of the noraal case1). Thus, in addition to 

a Tertioal tilt at (with respect to the horizontal), and a slaultaneous 

horizontal tilt - - vith respect to the base-line noraal - - nay 

become necessary. A snail deviation Af m Ÿ fron parallelise should 
also be accounted for. 

Since the evaluation is done in the stereo ooaparator, all degrees 

of freedom other than the piotur« coordinates y', p^,, oust be 

expressed by a formula. Vith the additional variables a, the 

distance of a cloud point from the plane of the photographic plate 

of the left stereo camera is 

y - [tœsfatrtgfoŸ cosa}) - (x!- (fy - c'f[i+£]})sin(arc(g{tgf cosot))] 

The systea of coordinates in which a cloud point shall be determined, 

is arranged as follows i The projection of the photographic axis of 

the left camera on the horizontal plane is the Y - axis, within the 

horizontal, at right angle with respect to Y, the X- axis is 

positive toward right, the Z — axis points toward zenit. 

With z - y , x-JLLy» the coordinates are 
c' c ' 

y * 
Sin oc (jn mi Y * 

In the normal case ( 'f - 0 ), with horisontal photographic axes (oí - o ) 

and precisely parallel photographic axes ( 9 - 0 ), the above systea 

reduces to the well known formulas 

"Normal case" -- a technical tern in photograametry - - means that 
the photographic axes of both cameras are parallel to each other and 
at right angles to the base-line. 
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Th« length of th« baa«-lln«t «aployod in Darnstedt fron 1962 

through 1964, waa b - 1725 nf tha focal length of the stereo 

oaneraa ie 0' • 101 an. 

The picture coordinate«, x', y*, p^, are neasured within the 

atareo ooaparator. While the accuracy of x* and y' is nerely 

a question of proper identification of cloud points, the 

accuracy of the snail Talus p^ ¡s; as a rule, not great enough 

Pzi neaeured only onoe. Due to the faint contrast of 

oloud points in the picture, px, has to be deterained by at 

least n - 10 Independent neasureaents. Their aean, 

Px1 * ia nuffieient accuracy, 

III) 4a tpalogy to the àxQui ) — law represented by a thought 

ennerinent. 

Despite quite different physical underlay, the statistical 

behaviour of a aagnetio needle within a magnetic field is 

analogous to ¿a (/u/ ). 

It is defined that the aagnetio needle 

(1) is free to rotate around its center of gravity, if not 

exposed to a aagnetio field ( state of indifferent 

equlllbriunj in notion, slightly ”diaturbedN only by 

friction)g it also 

(2) nay be exposed to a homogeneous aagnetio field of 

direction % and strength H, and 

(3) due to friotion, will cone to rest pointing into a 

direction f . 

The deviation of the needles pointing direction fron the field 

direction ie defined as Since the pointing 

of the needle with respect to the field direction is not aabigue 

by 180°, the range of variation of ocH is doiw<ieo°, Instead of 90°. 

If the needle cones to rest after given a push, three quantitatively 

different stages, depending on /B/, can be distinguished (Pig. Ü )« 
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Normalized probability distribution of <x 
H 

(o) 
no field 

("roulette case") 

it 

¿y étfimnitioñ of tx^ 

for 
(b) (c) 

feeble field strong field 

preference for strong preference for 

!L Illustration of ths naslocj of stntistioal bshariour 

(a) At /H/ - 0, ths nssdls aay ooas to rest at anjr dirsetion, 

all f raluss bsln^ of squal probability ("roulstts oaas,,)| 

(b) For saall /R/>0, ths nssdls, if pushsd and ooain« to rsst in 

aany oaass, will displsy a slight prsfsrsaes for ths fisld 

dirsotiont 

(e) for grsat /H/, thsrs will bs strong statistical prsfsrsaes 

for ths fisld dirsetion. 

Ihsthsr ths frsqusnoy distribution of oc is Osassiaa, as suggsstsd 

in Pig. 11 ( or if a distorted Maxwell funetion to both sides of 

that fisld line (which oontains ths osntsr of ths nssdls) exists, 

is a question of ninor iaportanos. At any rats ths ra^s of ▼ariation/ 

AoCh , deereasss toward increased fisld strength /B/. Therefore, 

in principle, A<xH (IIBI) bshawss analogous to Aft (loti). 
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lili) Dtffinatlon of th» (dlur/èzl) 

In a 0M« of pronounood largo aoala oi-bandat tha profila of tha 

ralatira wind will ba aiailar to that ahown in Fig. 13_» 

If wa antieipata pronounoad oi-banda to oraata at J00 ab, tha layar 

approxiaataly batwaan 580 and 500 ab will hawo to ba axplorad. 

Tha wind hodograa (Pig. J3J doaonatrataa that tha ralatira wind, 

fron 580 ab on, haa naarly tha aaaa diraotion through 500 ab, with 

an only alight, aubaaquant turn. 

Tha daah-atipplad lina danotaa both tha poaition of tha profila 

of tha ralatira wind and tha band orlantation. For tha raaulting 

profila (Fig.ü, lowar laft), thoaa ooaponanta of tha 580 —*• 560 ab, 

.t — JOG 260 ab tharaal winda ara ral id, whloh ara 
relative 

orlaatad in thevwind profila. (Thaaa ooaponanta naarly aqual tha 

aaounta of tha tharaal wind raotora, dua to tha aaall angular 

dariationa froa tha aaaa diraotion). 

Tha naxt atap ia to dataraina tha aaan Puf/èz* ralua of thia 

U Sehern« of method to derive the mean 

frurjdi1 gradient (vutTTNBH v-luej 

from the aciua.1 wind hodo^r+m 

• position of relativ* wind profile 

m band orientation 
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aotual r«latlT« wind profila, in ordar to find out whathar it 

approxinataa tha aaount found by KUKTTNBR [ 11 ] for ou-straata. 

Tha nathod auggaatad ia a aaai-graphioal onai Batwaan two 

•uccoaaiwa pointa of tha profila, - tg ß . In tha right 

chart of Fig. V*,, tha oorraaponding tgfi raluaa - - four pointa 

in thia oaaa - - wara narkad. Tha alopa tg^ of tha aqualising lina 

hanoa yialda tha wartioal gradianti 

A aaoond nathod oonaiatad out of drawing parabolaa of dlffarant 

paraaatara p - élu¡ézx . Sinoa, aocording to KUETTNEB fill. 

pm -1^10 ?a aae , parabolaa wara ohartad for /p/ - 0.4, 0.6, 

.1.8, 2.0, on foil. Supariapoalng thaaa parabolaa on tha aotual u 
r 

profila by trial yialda tha p walua whloh la oloaaat to tha 

aotual ralua. 

(IT) An account on tha datarainatlon of wartioal aotlona 

by Dr. K. VICE 

Tha knowladga of wartioal notion anablaa to draw oonolualona 

on tha ataga whleh tha obaarwad olrrua olouda undargo. Tharafora, 

tha wartioal walooltlaa wara dataralnad for aaoh of tha oaaaa, 

aaploying tha aathoda adwanoad by PAHOFSKT [16,17,18]. Tha total 

differential of tha tenperature of an air parcel nada 

</r * + + ilt/n 
H i* if 1 it 

whloh yialda 

With tha dry-adlabatlo tanparatura gradient, T • 

and tha local wartioal tanparatura gradient, jr - 

tha wartioal walooity la 

ML- 

Thua w la obtained upon tha local tanparatura change, tha horiaontal 
tanparatura adwaotion, and tha aotual wartioal tanparatura gradient. 
If tha horlaonftnl tanparatura gradient haa a oonaldarabla oonponent 

Translation into English was nada by J. REDSS 
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la tha flow d&rwotionf whilo tho local taaparatura chanta 
la - 0, aa air paroal prooaada alon« laantropaa .0)1 
if tha taaparatura inoraaaaa la alad dlractioa, a aubaldaaea la 
takia« placa - - aad alea reraa. For • 0 it la kaowa 
that waraia* la oauaad by a ffaaaral aiakia« aotloa, while oooliaa 
la oauaad by lift. 

If adwaotioa eoapeaaatea tha loeal taaparatura ohao^a, tha wartioal 
ooapoaaat will be aaroi oa the other haad» tha taaparatura aay 
daeraaaa daapita wars adreetioa ( aafatlwa T ), whaaawar 
there la atroa* lift - - aad rioe voraa. * h 
Siaoa, la feaeral, tha looal chance la taaparatura la kaowa 

aaraly at 12 hour lntarralat taaparatura adreotloa auat aa wall 

ba dataralaad for thia Interwal. Baaea only a 12 hour aaaa, 

takaa aloa* the laacth of tha air paroal trajectory, oaa ba 

obtalaad.(Therefore, la tha tabla whloh euanarisco parapetare 

of tha alx oaaaa of thia report, the vertical velocity derivad 

by tha above foraula, waa denoted I® Ä oaaaa where 6-hour- 

latarval obaervatlona ware available, it waa alao poaalbla 

to oaloulata w^ ). 

Thia aathod, in aoaa altered way, waa alao enployed for raaaareh 

on eirrua olouda, by LUDLUf and MILLBK [lî ] . However, thaaa 

authora^dld not taka tha looal taaparatura chance in conald- 

aratlon. 

Tha above aathod atill baara aoaa dlaadvantacea and inaoouraolaa 

which ahall ba dlaouaaad briefly in tha followinc. 

In tha intereat of a tlaa-aavinc proeadura, caoatrophio ooadltlona 

ware antloipatad and no trajeetoriee datarainad; non-adlabatlo 

prooaaaaa ware aot oonaidarad t Molat-adlabatlo and aubllaation- 

adiabatlo lift, whloh la likely to have azlatad in tha prenant 

oirrua oaaaa. Tha deviation of both froa tha dry-adiabatlo 

taaparatura cradient ia in tha order of 0.1 + 0.2[°C/100 a)» 

Another dlaadvaataca la that tha relative error ln tha aaount w 

beooaea great if y approaohaa tha value of f . - 

Radiation rapraaanta a non-adlabatlo prooeaa alao not oonaidarad 

in our oaloulatlonai at oi-levela, it oauaaa a daily aaplituda 

of 0.5°C, whloh la raapoaaibla for a, aaraly apparent, additional 

eubaidenoe froa 00 to 12 houra, and apparent aaoant froa 

12 to 24 houra, both auperlapoaed on tha datarainad vartloal 

velooltiea. 
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Th* arror vhioh 1* oauaad by d*t*ralalaff (—/f2 ■<>* for a 

ooaatant altitud* but for á 1*t*1 of oonatant pr***ur* lnat*adt 

oaa b* a*«l*ot*d la ad*aao* alao* th* «*opot*atlal ohaag* la la 

tha order of a f*w g*opot*atlal d*oaa*t*ra7 in «ur e«tu 

Errora la radloaoad* a*aaur*a*nt aay, of ooura*, laduo* ooaaidarabl* 

falaifloationa of th* vertical aotlona; for thia r*aaoa( attoatioa 

vaa paid to th* qu*atioa vh*th*r th* radloaoad* a*aaur*a*ot reaulta 

v*r* raliabl*. 

SuBaarisiag ail th*a* poaalbl* errora, aa uaoartaiaty roaulta la th* 

aaouata but hardly la th* aifaa of vertical aotloa.-Local advoctloa, 

aa la kaova, la d*t*rala*d upon th* vlad ohang* with height, by 

* * 9 lït0*- 
la thla ralatioa, © B*aaa vector auítiplioatlooi T d*aot*a th* t«ap*ratur* 

aaan of a layer of thlokaeaa f í.% th* oorlolla paraa*t*rt g a*an* 

th# gravity aoo*ll*ratioa aad d*aot*a th* vertical uaity vector* 

Multlplyiag thia oquatloa by \ , ylelda th* adveotloa at th* left 

aid* of th* «qu., whil* th* right aid* ooataina th* t*ra vh(àvhê k). 

( K ) d*aot*a a vector vi thia th* plaa* of th* paper, 

alao* K la perpendicular on th* paper planet It la alao at 

right angl* with r*ap*ot t© ¿v* , and haa aa aagl* ß with 

r*ap**t to \ t ita aaount la (a** Pig. Ü ). 

Th* • calar product of ® * and \ la e»sß, 

aooordlngly, vhioh la equal to tvlo* th* area of th* triaagl* 

of Pig. , aine* H « sin(fo-fi) - !<?%/ c«sß . 

Sino* alao H ■ / Vk * b <*•" * *zlata, th* local horlaontal 

t*ap*ratur* advootloa la *xpr*aa*d by_ 

V.R T m .(¿Tj . ¿I, "¡ñ 
‘ * '"U > ¡Z 

. £f 

Th* advaotloa at ol-l*v*l vaa d*t*raln*d with the right tara. 

Pol lowing a propoaal aad* by OOIOTSR, a layar of thlckaeaa - itomh 

ua*d, in th* alddl* of vhioh olrrua would ooour. Th* negativ* 

alga of th* left tara r*aulta aine* a poaitiv* valúa of ^^7* 

a*aaa oold advootloa. 

1 a*ooad aothod vaa «aployad to d*t*raia* th* vortioal velocity, 

th*a ealled v 
adv* 
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J! i vator arran^CMDt ( ••• ). 

Thi. ..thod consista ln substltutln« ths horlsontsl ts.psrsturs 

’h‘Ch fr“ th* '‘"l Profils (br th. .boss fomuls), 
for ths horlsontsl ts.psrsturs sds.otlon ohleh moults fro. th. 

horlsontsl sind snd t..p,™tum distribution. TM. mthod bann 

th. dls.ds.ntM. thnt th. 1! hour loosl chsn«. In t..p.„t»„ 

Is llnhod with an In.tsntsnsous - - snd hsnoa Inaccursta - . 

sslu. of sdssotlon. Momossr. th. sind ssluo. nm of suffloi.nt 

nooumo, onl, for »rs.t.r « , .i„0. tor ,..11 «, (Ç) j, ,. 

influsnood bjr chsutsa of sind dimotion ss .mil ,, ,o®. 

Dssplts wsds w** fnoludsd, for ooapsrlson, In ths tsbls 
und.r ths subssquant pomcmph. 

ÜÜ fhsory of mistión, bsts... sortlolt,, sdssotlm. 

and olrmi cloud ocouyno», aocordin^ to [c>]. 1 

J.s. raarcH snd k.j. jotumsasai [9] sd.sno.d . ..th0d of for,_ 
osstl^r .ld.-.p„.d olrrus .loud, bp m.n. of hlgh-lsssl oontour 

HIT;' POr th# 0f «‘•"P»" «loud., ISM. ...1. 
" “ ">• tsrtlosl notion fl.ld cnn b. d.rlssd by ft, 

.9ust 0. of continuity snd ,h. sortl.lty „ustión. Pro. th... too. 

.. obtsin. »1th dlsrsfsrd to ,.,. th. chsn,. of th. Coriolis psr.- 

~t.r slon, th. contours, th. foUo.ln, ml.tion.hlp, 

¿2 - Çv-cHp-P.) . W , 
it y + f -jj- 

TZ îf (the lndi,ridUal Pr9aaur* o'"***) i- the ▼•rtioal .otion 
n • ÿ - s/ataa, V the relative yorticity, f the Copiolia para- 

the*r# t th# Wind r*l00ity’ 0 tha ot a vorticity line along 
contour ., p the preneur, level in que.tion, and p . pre..ur. 

lavel which ie aaeuaed to be the aero-level (¿2- ¿ o).° 

In aoet caaea c <u (usually c«j u ). 

Fronoh snd Joh.nn....„«.d th. tropopsus. .. th. 1.,.1 0f no 
s.rtic.1 notion. Thl. „ustión .„... ,h. „u kn0ln „i.tloll b.t.,.n 
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\ 

vorUoit/ adVAotloii and dlrarganoa. Poaitlra trortioity advaotlon 

( < O') u oonbinad with dlwwrcwnoai aa tha aaxlaua of 

divarganea la at tha aaro-lawal (naar tha tropopauaa), wa hava 

aaoaadlng aotion at high lawala balow tha tropopauaa and 

aubaldanoa abowa, and vioa waraa. 

In ordar to oonpara thia thaory with our oirrua obaarvationa 

and our oo.putationa of tha wartioal walocity (••• praoaading chapt.), 

tha diatribution of tha ralatiwa wortioity for a contour pattarn 

naar tha oirrua cloud* ia giran for aaoh oaaa. In eonnaetion with 

thia contour pattarn wa obtain . Aa all oirrua olouda wara 

obaarrad la tha tropoaphara, tha aign of ahowa whathar tha 

thaory ia In agraaaant with tha obaarratlona.- Tha (gaoatrophic) 

relatira rortlcity waa oonputad with a four point fornulai 

y • nr <*1+W*4 • 4 'o* • 
whara a1 ara tha gaopotantiala, h tha aaah-width ( h - 300 kn waa 

ohoaan), and g tha grarity acealaration. 

Lika in ona oaaa anoountarad by tha authors [9] , thia thaory did not 

duty apply to our oaaas which - - with aeraly ona axoaption (oaaa III) - 

— ooourrad oloaa to a ^Parhapa tha applicability ia in 

ganeral confinad to aituationfríh whioh'wind ia wary slow or In 

whloh Its direction ia nearly tha saae throughout tha tropoaphara. 
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cage atudy I: 13 May 1963 

1. Introduction» 

Beside case IV, this case represents one of the rarely encountered 

in the orientation of pronounced large scale cl«bands deviates 

considerably from the wind direction of their level. Moreover, the 

present case is pronounced to such degree as to reveal the independ¬ 

ent existence of what will be explained and defined as a "thermal 

Jet stream" (see paragraph 2.1.2.). 

Cirrus bands which extended from the northern to southern horison 

were observed in Darmstadt from 7:00 till 16:00| (for details, see 
Table I). 

Single oamera photographs were taken from 7:15 through 15:16, with 

stereo photography from 10:54 through 12:25. The main results of 

photogramme trie measurements were summarized in Table I| for an im¬ 

proved survey on stereo data, the period of stereo photography was 

subdivided into 4 time intervals. 

These data should guide through the details reported and meteorolog¬ 

ical conclusions drawn in the current text. 

.R» Bmds* properties and meteorological environment. 

--1, »cale. Over the Darmstadt area, pronounced ci-bands at an 

altitude of 7.0 km and of lengths exeeding 300 km occurred at least 

from 7:00 through 16:00 (Pigs. 4,10,11,16,17), Their orientation was, 

throughout, 0«—>1ö0°, with deviations of only ± 5°. These email 

variations in orientation were not steady nor systematic, but appar¬ 

ently "incidental" as to both time and position — depending on the 

respective momentary and local wind condition. 

Large scale band spacing, i.e. transversal distance of band axes, 

was in the order of magnitude of 10 km throughout. This band system 

travelled with the motion vector changing from 335°, 13 m/sec at 

8:15 over 296°, 7m/eeo at 11:50, to 251°, 11 m/eec at 15:10 

(compare Table on next page). 
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Propertiea of banded and non-band«d oi pymr 1*™*+.**+ 

on 13 May 1963, 7:15 till I5,nn_ 

band spac¬ 
ing 0.2 kmt 
moderate 
»convection, 
rsmall scale 
lateral mot¬ 
ion. 

marked 
ci-band 

email single 
cloud 

ow ci-band 

i^ll cloud 

r;’irat ci-bsnd with 
strong cohvective 

activity 
thin ehest' 

sheet 

ci-bands of 
rugged app¬ 
earance, 
ao lent 

1) 
,n«?rDa^<,tt«(irtlmatee °f the weather etation, 

motion vector did not deviate much from that of cl-bande at 7.0 km. 
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Graphical reprantal/on of cirrus motion vectors (altitudes in 
[from Tabin on p. ¥i] 

Circles), 
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The ci-band. approximately paralleled ieoth.rae, i.oneoh. and 
Isohiunids (Pigs. 24.25 35 3A P 
in* with innrí.1, ’ ’ ’ )’ laonei,h "“»»» deor.».- ine with inoreaelng mean difference between dew poi^T^ drv 

.«peratur. The amount of cloud cover which - ee «i.Uy in it. 
eaetern portion - mainly oonsi.te out of ol-band. .t..df, e 
crea... from W forward E, becoming Mro - at ^ “t M , 

Oloe. to the »thermal Jet et:earn» (the latter 1. defined mThe “ 
subsequent paragraph). rin®<1 in the 

¿.1.2. Wind propertiea over Germany at 12îOO n«« h* 
in Pig. 2q* it «wo ^ 00 can be ov®rlooked best 

—f400 whloh »llghtlTeaet of Dármete«"(Zo" Soml'lM km 
680roughly along tb. lln. Berlin ' I ™ ** ¿ ^c> 

hut with reduced m 

(ooncluding1*from'the^relatlv^wind'h*^* ^^5°° Bb ^ 
Oberstein). odograms of Hannover and Idar- 

With regard to Pigs. 24.25 97 90 ,, 

following oonclueiona as t¡ til. Lrllolllll JlT* l^.T the 

by the maximum horizontal temperature gradient ri« r 0C0Upie<, 
east (Pig 15). T+ o*. «radient rises from west to “ 

.« "«.f «,rrj:r ■ •“““ “» --1 
level warm »aeotor» (M*® L 2* ^ «P«rate. the we.t.rn high 

-atm. air maea. It i. obviéet i T ^ “°d*r8'«^ 
temperature gradient j. aleo a lav^' r 0i °a:ii”Um horizontal 

which - dleregardlng— ageo.tr jhlo effêj!. ~ 

th9ref0r# C8U - - Jetstream» -1008 (thJS). At 12:00, the maximum of vart-inoi . 

540 over Barlln^ioh, and at 4M mb over " 
gart, concluding fro. the vertical wind .hear .ZllZ TXT' 
(Pig. 2a), ite maximum at O61OO was between 280 • ton mh 

Munich, end roughly at 430 mb over Wernigerode^tuttgLt m. 
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IS » Se»!-quant aehaaa of rertioal o ros a ssotlon «roujrh 
thanal jst strsaa at 12i00f of 13 May 1963. ai 06.00, ths 
tnaraal jot straaa oora was approxiaataly 100 ka «ast of - - 
•»« correspondingly highar than - - tha 12.00 position. 
Conpara Figs. M,9,so, and ourrant tant. 

local decrease in altitude with time reflects the slow west->east 

migration of the system (see arrow in Fig. 15)» accompanied by a 

weat-*east shift of the isonephs (Fig. 30). 

East of Darmstadt, the thJS produces a backing of• the wind direct¬ 

ion with height by nearly I0O0, since the thJS is directedropposite 
to the winds below it. 
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0V8r ~™*tadt at 12*00» according to Pig. 39, the strongest shear 
muet have been close to 500 mb or even a little lower» this ex¬ 

plains why stereo measurements of motim vectors of fall streak 

fragments as low as 440 mb did not disclose strong wind shear. 

The thJS obviously is nearly independent of the great changes 

in the direction of the winds, which e.g. changes for ö5° within 
7 hours at 400 mb (over Darmstadt), with the eastward component 

dominating (Table I, and paragr. 3, and comparison of Pigs. 28,29), 

wrelativehíiíd^ a?c°fda"ce with chapt. 2.2., we define as 

*h. mrilŒR prom, of th. relative wlndOak^n in the vertical 

plane oriented north^eouth, l.e. which contain, the line of 

etrongeet vertical wind ehear (500 ab->455->4t0-»42n->inn „v 

Mg. 29), yield, th. mean value - i * iq-^e'1 ..o*1] 

for Stuttgart at 12.00, in th. layer approximately between 500 and 

mb. Thi. ie equal to the amount predicted by KUETTHER but orig¬ 

inally conceived for relative wind, which parallel the general flow 

direction. Over Darme tad t, aleo at 12,00, the altitude of thi. 

prom, waa apparently - in accordance with the acheme explained 

»hove (Pig. 15) .. eom. 0.7 km lower than over Stuttgart. The ol- 
band level thu. mark. th. altitude at which vertical .hear ha. 

oeaaed oonaiderably. The pronounced character and largely uniform 

behaviour of th. thJS .hearing layer - uniform a. compared to th. 

variation of actual wind direction, haa Juetlfied to diaouaa and 

define it in advance of the de.crlption of high level weather 

(paragraph 2.1.4.). 
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¿.1.3. Surface weather devalopaent.1) At O61OO, a atationary 

blocking High axtanda over European Ruealat ita weatern part, eep 

arated by an almoet atationary front, aztenda to the Oder river 

area (Pig. la). It 1, dlminlahad rapidly and puehed aaatward by a 
aevera atom low, the center of whloh la located 400 ko aouth of 

Iceland. Alao at 06 houra the frontal ayeteo of thia low peralta 

a ~ than already narrow - warn a.ctor to entend fron the Horth 

Sea (eaat of Britain) through northern Prance. (Aa the croaa aect- 

ion denen.traten (Pig. 30], a a.cond warn front enlata at higher 

lévala which doe. not reach the aurface but 1. no.t Inportant to 
the generation of the cirrue here diacueeed). 

In the courae of the forenoon, the warn front becone. occluded. Th 

prooeedln« 00ld front croaaea Daroatadt around 17 houra 
t nldnlght, it haa reached the line Milan-Munlch-Danaig (Pig.18 

daahed line). Thle coure, la reflected in the aurface preaeure ' 

e angei At 06, 09, 12, 15, lb, 21, and 24 houra, the aea level 

^bl a* Da™*tadt w,e 19-0. 16.0, 13.a, 14.5, 16.6 
“d f,1®-“’ «••’«tlvly. Mininun pr.aaure, with 1013.0 nb. occurr- 

® i , followed by an inmediata Increaae by 0.2 nb and of 

»other 1.3 nb In the courae of the eub.equent hour. light drlezl- 

n». M at 17'20’ aft*r of th® col» Iront i a fir.t 
aeurable amount of 0.3 mm wae recorded at lasOO, with very alow 

na. until 19,00, th. incre... becoming a little ataeper until 

,40, when a total of 4.6 nm wae recorded. There wae no more rain 
in Darnatadt at leaat until 7,00 of the nant day. 

The oirru. band, obaervad over Darnatadt in the forenoon my h.„ 

occupied the moderate warn air which lie. eaat of the high level 

-- - 
wer® of siDftll amount. decrAAMimr y «a««!!«,, aecreaeing toward zero approx. 100 km eaat 
Darnatadt (Pig.», 9,oo), their convective activity wa. very fèebl. 

By far th. greateet amount of cloud cover occurred at noon and 
^fternoon which at thle tin. ..r. in the high level warn -.actor», 
hey displayed strong convection activity. 

-2*1*4. DeveloDment of h-iipVi -__ _ . .. -n 
f --- aynoptic situation:--7 At 13 May 63 

According to the aynoptio analyal. and commenta made by Dr.IC.WESE. 
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0:00, a anooth through extends aouth north some 300 kin eaat ef 

Darmstadt, both In the 500 and 300 mb leve la. In front of the high- 

reaching low In the northeaetern Atlantic, a High ridge extends 

from Spain over Pranoe up to southern Norway. Its eastern part in¬ 

duces a wind from north over West Germany. As a consequence of the 

change, described in the foregone chapter, this High ridge move, 

southeastward, thereby weakening over Germany. This slow motion of 

the High ridge is well reflected in the subsequent wind and cloud 

motion directions (see Pig.»,«,and Table ., p. •: .( (1,,, 

, the 300 nib-wind over KHin / m u ä 
350° at 00 over 310° at 06 to ï? io(u10 513 , chsn«®8 ^om 
at IB hours, thereby Seakeniw ^ S0“”' !ndln«" löO° 
again from this time on. likewise the^iní^ÍSn“^ ’’•coming strongei 

iis“ Moí^r .¿s » -i- ^ •tlno^iiæw?ido:,f^“ 
can be noted with th^iíd. ã?rÍáar“C.tti^3r;P?í”,HarTb,havi;uí 

The most rapid change in motion direction over Darmstadt, from 296° 
to 275 .takes place from 11,45 to 12,20 at 7.0 km (see Table) 

Accordingly the High ridge axle in the 400 and 300 mb contour patt- 

ern lies approximately over Darmstadt. 

The greatest horizontal temperature differences occur along the 

¿SM front (Pig. 30, left), it ha. the steepest slope to the effect 

that the areas of strongest horizontal temperature gradient at dlff. 

erent levels are relatively close together. 

These condition, generate « BO knot jet stream which is llnhed wltt 

a break in the tropopause (Pig. 30, outer left), while over Darm¬ 
stadt comparatively weak pressure gradients prevail. This let is 

::;:hir: vriTwiniB °ver th*Atiaauc- *••>»«>« branch.. 0ff 
southward into th. ».stern Mediterranean (Pigs. 22,23). This gener¬ 

ate. a zone of extreme diffluence with its center some 200 km south¬ 
west of Darmstadt, accompanied by divergence -- a. the pressure de- 

crease at the surface suggests. 

The pattern of diffluence of the 400 mb thermal wind lies still 

farther to the southwest of Darmstadt a. suggested by a comparison 

of Pigs. 22,24,26,27. 

While over Germany the tWS 1. embedded in a zone of slow winds, 
it 
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joins the jet stream headed toward south: The 400/500 mb thJS flows 

into the 400 mb jet stream, while the 300/400 mb thJS joins the 

300 mb jet stream ~ and becomes part of the latter — over the 

northwestern Mediterranean (Pigs. 22,23). 

íes and large scale vertical 

Iggperature advection over the area of Darmstadt, on 13 May 

1963, in the 350/450 mb layer as computed by the sounding of Idar- 

Oberstein (100 km west of Darmstadt), was 
in the forenoon: 

0,32 x 10~5 [°C x 860-1 ] * 0.14°/12 hours i 

in the afternoon: 

1* ^ X ^ ^ x 8ec"’1] “ 0.ö2°/12 hours i 

(in here, t denotes the time!). 

ià£?Ly0(m* of alri 88 calculated for Köln (KÖ) by the formula of 
PA50FSKY [lb], under the assumption of geostrophic conditions, was 
as follows: 

(1) In the mean over 0 = 00 till 12,oo, ,t SOO mb, wa . +1.9 oa/.eo, 

Rt 300 mb, w^ » +2.2 cm/seoj 

1,2) in the mean over 12 = 00 tin 24 = 00. at 400 mb, wa » +2.3 om/.eo, 

at 300 mb, wu * +1.3 cm/sec. 

Xf the formula for the ascent velocity, vtfT is substituted by 

“UtL; it8 “»o^t being derived by the actual vortical shear vector 
[see Appendix, paragraph (V)], the ascent velocity in the 400 mb 

level over Id&r-Oberstein results: » 

In the forenoon : ^ » +2.5 cm/secj 

in the afternoon: w^ - +2.4 cm/sec. 

These amounts suggest that the ascent velocity had a solft maximum 

close to the 400 mb level. Hence these cirrus were generated by large 

scale ascending motion which could be expected to occur in front of, 

and above, the frontal system of the extensive cyclone south of Ice¬ 

land. In coherence with the observed decrease in surface pressure, 

we may assume that an area of divergence existed with its vertical 

maximum between the level of the lower ci (»»7.0 km) and the tropo- 
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pause. Por more detail about température changes, lapse rates, 

humidity etc. see the summarizing Table. 

2.1.6. Humidity at 12i00 had a maximum -- with mean amounts of öO Jt 

between 530 and 430 mb, both in Idar-Obersteln and Köln (Pigs. 31, 

32). This layer is only little higher than the layer of strongest 

vertical shear at these stations (500/600 mb thJS, Pig. 29). 

The humidity values measured over Stuttgart are apparently wrong, 

since despite the cirrostratus observed there, the measured humid¬ 

ity did not increase at or below ci level. 

Saturation with respect to ice existed both in Idar-Oberstein and 

Köln. 

2.1.7. Vorticity advection. At 12*00, the ci-bands were situated 

in an area of negative vorticity adveotion (Pigs. 21,23,39). Hence 

the present case does not comply with the theory of FRENCH and 

JOHAHHESSEN [9], especially since the PANOPSKY formulae [16,17,18] 
yield large scale ascent and the bands display moderate to strong 

convective activity. 

However, positive vorticity advection sets in at a point about 

300 km upstream of Darmstadt (Pigs. 21,22,23,39). 

2.2. Saaill scale. 

In the early morning of 13 May, ci-bands appeared comparatively 

faint (Pigs. 1,2) with little convective activity and rather little 

small-rscale motiom. This enabled to identify a cloud point through 

an interval of half an hour (Pigs. 3»4). Convection increased to¬ 

ward moderate in the course of the forenoon* at this time, bands 

were not yet pronounced to the degree of those seen in the early 

afternoon (Pigs. 15,16). With increasing band density fall streaks 

silo increased* they pointed toward 277^ at 8*15, changing toward 

directions between 285^ and 295° at 11:30 (Pig. 9). 

Stereo viewing and evaluation of pairs taken at 11*30 demonstrates 

this* In their upper portion, particles fall from band base towards 

the observer* then, some 250 m below the band base they sharply 
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b#nd toward weat, apparently in a very ehallow layer of etron« 

shear. (This layer is by far too ehallow as to affect large scale 

banding. The large scale shear which generates bands is still below 

this shallow layer). 

At 9*45, a layer of narrow bands with an average widths of soae 

2.2 km — equal, in this case, to their spacing ~ occurred 

prevailed until llt20|. within this tine no other bands occurred. 

The last stereo photograph of taie layer of narrow bands was taken 

at lltlOi the last single photo showing then is at the upper port¬ 

ion of Pig. 10, (11:15), marked by a dashed arrow at outer left. 

These narrow bands showed considerable lateral motion: While a point 

at the HE side of a band (in Pig. 7) moved from 314°, a point at its 

SW side moved from 318° (Pig. 7c)| this implies a lateral motion of 

0.24 m/sec each towards both sides of the axisi roughly one hour 

later, (Pig. 7), the lateral motion had increased to 0.30 m/sec. 

More precise and detailed measurements were not possible since the 

cloud spots quickly loose identity. Orientations of these narrow hands teere 
W at »10, no -190 at 11 00, in fair agrumtnt with the 140-115 mb vertical shear ai ítu«jart(F¡j.ij). 

Bands which occurred 7.0 km over Darmstadt at 12:20 displayed strong 

convective activity to the effect that most of the cloud features 

loose their identity within three minutes (Pig. 14)1 whereas higher 
cl, at IO.5 and 11.4 km, showed no changes in their pattern. 

Band spacing comes close to regular in Pig. 15b: Pive different 

bands can be distinguished with spacing (from E toW) 6.3, 9.0, 6.4, 

and 7.3 km. (Two of these bands were omitted in the map of Pig. 16| 

see identity numbers in photos and map. Apparent greater spacing in 

the map, east of Darmstadt may be due to a foreshortening effect by 

which spaces between bunds may have been omitted). 

Prom the pronounced band in the foreground of Pig. 15a, dense fall 
streaks fell into the layer of strongest shear — which determines 

the band orientation -- so that this band’s lower portion looks 

nearly straight. 

As the details of bands suggest, stronger convective activity set in 

again toward 15*00 (Pig. 17). This time, clouds which resemble ao 

lent were also present, the shape of which also changed quickly to 
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the effect that they, also, lost identity within ainutes. 

It may have been noted that charaoterietic oloud features, and 

the rate of change of identity, prevail along the band throughout 

great lengths — if not even the entire lengths — of the bands. 

It were these empirical facts which first suggested the assumption 

that rather pronounced, large soale bands also parallel ieopleths 

of stability criteria (eimpare paju 14.,17, ") 
K 

3. Discussion of resulte. 

lili In vi»w of th. .a.11 tr.T.1 v.loclty of th..e ol-lwmd«, th. 

gr.«t TKog, of d.yl.tlon. of th.ir lug. (uid ««11) .0.1. orl.nt- 

atlon from th.ir notion dlr.otlon., 1. p«rmitted by the Aa'( lui ) 

■tatl.tlcal law. 

Thl. caaa al.o corroborât., .arll.r ob..rvatlon. (e.g. SÏU33 
UO], ... .ummary th.r.) which imply that a of .uoh gr.at amount 

and for pronouno.d oi-band. in mo.t of th. oaa.a are aaaoolat.d 

with bands located close to a High ridge. 

Î6p?rônwîrï.^ 
^..Tïo3 

T«- 

for^wind ] d patt ernWlli °ale o * ° 
It .11 Jvïï.ttSS.-;„âe0.0^#^anS)Î”i0‘a Hi*h rldg‘ Fr*“nt 

—?--iy*rtl°al wln<1 »haar, both large .oale and .trong ( 15 x 10‘3 
.eo- ), wa. neoe.eary to generate banda which prevailed for at 

laut 10 hour., in great hori.ont.l extent and in nearly etraight 

line». There can be no doubt that the bande at about 420 mb ware 

produced by and oriented pu.11.1 with th. great 600-,400 mb ..an 

vertical ehear (Pig*. 28, 29). Correspondingly, all of the oi-band. 

"'ar Danutadt paralleled the 400 mb laoth.rms (Pig. 24) «d th. 

400/500 mb relative topography (Pig. 26). Thi. .till hold, true for' 

ch. 300 nb-i.oth.rm. wd th. 300/400 mb relative topography (Pig.. 
25 f 27) e 
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The large scale profile of the relative wind 500—*350 mb, as to be 

deduced from the Stuttgart winds In ?igs. 28, 29, is in fair accord¬ 

ance with the shear gradient value postulated by KUETTNER [ll]. 

3.4. The bands of Figs. 15,16 bear resemblance to bands measured by 

CONOVER, in [6], Figs. 121-123t the main difference is merely thisi 

While in case No. 10 of [6] the shear within the layer of maximum 

shear (thJS) was nearly parallel with the wind (of great velocity) 

at its level, the shear within the thJS, in the present case, was 

at great angle with respect to the wind (of small velocity). 

3.5. The horizontal and vertical maximum of large scale vertical 

wind shear has been denoted as a "thermal jet stream” (thJS). 

It follows from this definition that the vertical crosa seotion 

area occupied by the thJS is identical with that of the frontal 

layer, i.e. the sloped layer of increased horizontal temperature 

gradient (called jet stream front in "normal" JS by KUETTNER [ll]). 

Unlike surface conditions, the high level "front" is associated 

with a relatively smooth and steady temperature change (in a level 

of constant pressure), as compared to a front near the surface. The 

thermal jet stream core (or axis) — in the line of strongest shear 

and maximum temperature gradient (in p = const level) — therefore, 

has different positions at different levels (Figs. 28,29,30). 

3.6. Bands in the moderate warm air — over Darmstadt in the fore¬ 

noon — showed only small convective activity; while bands in the 

high level warmest air displayed (1) quick changes in their small 

scale patterns, which led to (2) a rugged appearance (Fig. 17) and 

(3) local changes of the apparent condensation level (some hundred 

meters on distances of a few km). 

3.7. Within the narrow bands at 10.6 km which occurred at lOtOO un¬ 

til lliOO and within the warmest air, small scale lateral motions 

were found which confirmed earlier findings of CONOVER [6,7], as to 

both kind and mean velocity of these motions. 

3.8. A case rather similar to this one as to both cloud and meteorol 
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ogical aapeota was encountered on 24 May 19641): All the day Ion« 

strong shear 500-M0O mb prevailed near Darmstadt, causing band 

generation close to 400 mb. The shear maxima were arranged within 

a high level warm front similar to that represented by Pigs. 2a 

— ^ !"011 Sioie, finally, a rollo (Jpoorj/ 
roughly 3 prevailed at both Ihe lorje scale (Figs. 10,15, ^ and 

-At Ihe large bands, mean spacing was some 7 hm, with 
Some 2 4 km f/iicknííí (-fror* lo*jer boundary of Strongest 

lops). Ai lite norrou bands, ipaciny Ms Sont 2.2 Km, 

of Some O.J km ( Slultyari-' 260 -* ISST mh), 

of shearing layçr) of 

narrow bands (F^t. 7,8) 

o ihearm^ Layer of 
shear 

/ 

wi/f> a 

up lo 

shear in 

banc¿ 

layer 

17- 

ciïïie altitud^waa'determined*«tet* °nly to take ein«le Photos, 
meteorological stations including SeV6ral 
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çaee atudy II: 2 March 1957 

1. Introduction. 

The cirrus bands herein described were taken by predeceeeore of the 

author, Messrs. H.G.KSUMANN and H.SCHULZ. The photogrammetric base 

wae 1.790 m in length, oriented 167^3470. and located some 6 ta» 
west of Darmstadt. 

ÏSrthîaa? r?ery Í^feí^íL^ “ 7 h0Ur°J at «• oi « 
for photography.^Good^visibility^’nîlir^V^o'V». ^ 
U^ci ^eír»“%dheOÍ¿o0?nÓnÍncíe°Iíh^t ^ viîï- 

from North." Horizon. At 11:30, ci were seen approaching 

from 11.43 on, photographs wsre taken first by the southern cañera 

at 11.43, 11.4Ö, 11.50, and 11,55 (Pig. 1). stereo photograph. 

(Pigs. 4,6) wsre taken toward zenit at one-minute Intervals, fron 

^til 13^0 \2;20’ f0UO”d ^111 by 8°"9 ”lngle oa“era Photograph, 
until 13.00. These photographs and further observations till 13,30 

showed that a tendency toward, randon nae.ee of thin cl-.heete pre¬ 

vailed in the "wake" of the rather pronounced ci-bands. 

To the extent to which it could be explored, thi. ci-band case 

c ose y resembles the general scheme advanced by CONOVER ([6], type 

ill ~Tct2re Tiee'2,9,16 "b,,t with n°front reaohin« to 

¿L*...Bands♦ properties and meteorological condition«. 

2.1, Large scale: 

Z1™ TUTT °r ”9aaurenent' the altitude of band level 

~ T* ** fal1 *treak wer8 as low 88 9-5 ta». The notion 
of the band .yeten »a«_4°,34 y.sc. The orientation of the bandit“ 

W“ a^Ut 10^190° in the foreground (down to 
P t ©), behind point @it changes to about OÎ-jlao°. Conclud¬ 

ing fron the diary note, and Pig,. 1,3 the band TFïhiïh a portion 
8d8bi0‘ed in e8nt8r of M«8- 1.5 mU8t have had a length of at le.st 

~-f'f Í8 8Pa0ln« °f * total of iour »“■‘a. a- derived by r^ITI^ 
atlon of Pig. 7, was ~ fron east to west ~ 14, e, 6 ta». A curvature 
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of the band axes, as recognisable In Pig. 7, la concave toward 

te78on8 200 °n the ¿arallel both.lsotherme (Pigs. 10,11,12) and Isoneohs (Pig.1T- 

close to their level. Also the Isohmsids (Pig. 14), which could bs 

obtained oonpletely only for the 400 mb level, are in plausible 
agreement with the isonepha. 

^,.1. Wind conduz can beat be overlooked by Pig. 13, At 15l00i 

¿iO mb (= Cl level) winds at Bltburg (Bl), Hannover (Ha, 225 mb) 
Wiesbaden (Wi), Stuttgart (St), and Munioh (MU, 2*5 mb) bio! frl ' 

- north, uniformly, according to the respective rawln measure¬ 
ments. The arithmetic mean of the wind amounts at Wiesbaden and 
Stuttgart at 14,00 is 35 m/sec. . 

These values agree well with the motion vector of oi-bands as measur¬ 
ed at 13 hours in Darmstadt, 4°, 34 m/seo. The mean vertical shear 
vector 300—>250 mb, also at 14,00 is 325°, 7 x lo'5 sec*1. Thu. 
its direction roughly agrees with the pointing of the fall streike 

:::: or::: ;ah;.layer froB 9-9 d°m - - - m. -77 
Por the wind conditions under which the ci-bands were born the as¬ 
cent of Stuttgart, located in the lee of Darmstadt, appears To T 
the m0st representative. If we substitute 4° as the 250 mb wind dir- 
ection, a mean shear vector 300->250 mb = 350o, 9.7 x lo“3 sec’1 

i:““8- T7°ean 8hear Ve0t°r ^°^25° mb- averaged ever Wiesbaden 
«reiTn :::::-r::;:.th8 —.measured 25o mb wmd 

s: “ r“**“ -f --- 
The cirrus tops were at the IpvaI nf* , . . ne J-evei or the wind maximum (250 mb at 
Stuttgart and Wiesbaden, Pig. 13). This i8 i„ agreement with the 
theory Of KUETTNBR [ll]. The value & a. determined for the 300-t 
SOO^b^ind^profile was -1.3 x lo’Vl ,ec-l at Stuttgart, 0.7 x 

m sec at Wiesbaden. The mean of both is fairly compatible 
with the order of -1.0 x 10“5 m“1 sec ^ as postulated by KUETTNER 1-,,1 . ^oouj.atea oy m/ETÏHE 
Ulj. Since in the present case the relative wind from 300 up to 
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200 mb well oriented parallel with the general wind direction 

— eepeclally at Stuttgart, which muet be oonaidered beet repree- 

entative - it wae poeeible to underlay u inetead of ur in deten.- 

ining thin profile gradient. 

2...1.2. Surface weather.1’ A marked High ridge «»tende from Finland 

eouthward over eaetem Germany to the weetern Mediterranean, with 

a weakening High cell located over Bohemia. 

Darmetadt le at the weetern flank of thie High. Eaet of Iceland a 

low moving toward northeaet caueee an advectlon of warm air toward 

Scandinavia. A central low is located northweat of the Azoree. A 

comparieon of the 61OO eurface weather with that of 15¡00 (Fig. a) 
ehowe no noticeable change over weetern Europe. 

Surface temperature«, like the high level temperature., eteadily 

increae. toward weet. However - with the eole exception of Scotland 

and northern Scandinavia ~ no eurface front exiet. over central 

2...,1.5. High level aynoutic situation The temperature dl.tributlon 

in the tropoaphere cau.ee an inclination of the pre.eure center, 

toward, weet (compare Fige. 8 and 9: The low near Iceland, the cold 

ow over SE Europe and the High ridge which in 500 mb extend, from 

Spain toward, the northern Baltic Sea. Between thie High ridge «d 

the cold low over Yougoelavla there exiet. a Jet stream, eome 4000 to 

in length. At ite warm (right) side, a cloud cover which exclu.ively 

consiete out of cirrus, increase« toward weet (Fig. 2). 

The c1-bands over Darmstadt — some 250 km weet of the Jet axle — 

are part of thie ci-cover. They are located in the large, north- 

we.tern entrance-zone of this Jet (Fig. 9). In the area of the Jet 

axis the sky le completely clear (Fig. 2). The leonephe we quaei- 

etatlonary, at least within the period from 9i00 till 15)00. Thie 

nuet, partly at least, be attributed to the fact that the Jet stream 

axle has no considerable east or weet component of migration, the 

same can be expected to be true for the "jet front" (Pig. 16). 

DrÜÍÍwBGE? "ub8,ll“*nt chapters up to 2.1.7. were conpoeed by 
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The direction of the jet axia ie from 15° to 195°, it croeeee the 

contours from higher to lower pressure. The ci-bande (Figs. 1,2,3) 

and isohuraida (Pig. 14) are nearly parallel with the jet axis. There 

ie email poeitive acceleration of the air parcele in thie area. 

Horizontal wind shear over Darmstadt 1 11 kn/100 km - 5.5»10'5/«e^ 

which implies dynamic stability. Slight cyclonic curvature of the 

contours. As mentioned above the ci-bands as well parallel the iso¬ 

therms (Figs. 10,11, 12). The horizontal temperature gradient is 

directed toward west in 300 mb and toward east in the 200 mb level 

(temperature compensation in the stratosphere). The ci-level still 

resembles the temperature distribution of the troposphere, this is 

shown by the temperature observations in 250 mb over Emden (-60° C) 

and Berlin (-64° C). In accordance with the temperature distribution 

the tropopause declines toward east, and the line of intersection of 

tropopause and 200 mb level runs parallel to the jet axis from north 

to south (Fig. 12), thus the ci-bande are perpendicular to the slope 

of the tropopause. 

-—-•.4* Stability. The thermal stability within the cirrus layer (and 

little below), 250/300 mb over Stuttgart at I4i00 is expressed by the 

mean^vertical gradient of temperature, y * - £I[°c/ioo m]. It was 
0.ö0°/100 m, at the top of the ci it suddenly decreased to 0.5«°/ 
100 m. 

2J..5. Temperature advection and vertical motion. The value(^) (see 

Appendix) was determined for the layer 200/300 mb, its thickness be- 

ing z. It yields » -1.55 X 10-4[oC/sec) = -6.7°/12 hours. 

This represents an instantaneous value which apparently by far ex¬ 

ceeds the true value. 

The large scale vertical motion near 300 mb as computed for an air 

parcel travelling from the Skagerrak to Stuttgart is w12«0. A com. 

parison with the temperature analyses suggests that over northern 

Germany a slight ascending motion prevails, while over southern Germ¬ 

any slight subsidence takes place (compare with paragr. 2.1.7.). The 

ci clouds were probably generated in the area of the High ridge. Or 

the other hand chapt. 2.2. suggests superimposed small scale vertical 
motions organized in bands. 

*+íí»th?+h0riZOntal4.wÍn? 8hear doe8 not approach the indifferent 
stage, it was computed in a pressure and not in an ieentropic level, 
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£.1.6. Humidity. Thtre were no meaeuremente or humidity in the oi 

layer. The highest observation (300 mb) yielde no ioe saturation. 

2.1.7. Vortiolty adveotlon was negative over Daraetadt, but posit¬ 

ive over northern Germany (7ig. 19). This affirme the comment, mad* 
in paragr. 21.5. on the vertical motion. 

2,.2. Small scale motion. 

Aa already mentioned in ohapt. 2.1. four bande which passed close 
to Darmstadt (?ig. 7) were spaced 14, a, 6 km aa measured east to 
weet. A comparison with additional photograph., not shown here,de¬ 

monstrated that the large band of Pige. 1,2,4,5,6 ie the same as 

that at outer right of Pig. 7a. Still weet of it, a fifth band is 
hinted (point 0 in Pige. 1,3| point E in Pige. 4,5ai Pig. 6). 

Although it is not pronounced trace, are marked sufficiently a. to . 

affirm that a — perhaps aupressed -- banding took place. With this 

band distant from the more pronounced band by 7 km, the total of 

spaoinge which could be measured with reasonable accuracy of band 

identification become. 14, a, 6, 7 km, as meaaured east-,west. This 
roughly represents a regular spacing and, as .uch, suggests the 

existence of a small scale motion organized to the effect of lift 

under the oi-bands, while subsidence would take place in the clew 
air "banda” between the ci-bands. 

To the extend that »cell.» as arranged along the band axes could 

e identified, their mean distance as measured along the band axis 

in Pigs. 3,5.,6,7a was 1.2 Í 0.2 km (where the standard deviation 
is that of the individual distance, not that of the mean distance). 

It has to be emphazlsed, however, that these values refer to areas 

where cells were arranged somewhat regular. 

On grounds of the single pictures taken from 11,43 till 11,50, the 

Th ."rnoJonT ^ ^ ÏPPr°a0h1^ ««ured. 
his motion toward both side, of the band axis averaged 0.9 Í 0.3./ 

sec each* it was henoe nearly symnetric. 

Mg. 5b shows a portion of the band with motion vector, in a coord 

inate system fixed with respect to the mean motion of point, which 

are loo.t.d close to the band axis. Due to great difficulties in 
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proois. stereo Identification of cloud pointe in subsequent photo¬ 

graph. error, up to 0.2 m/eeo may be euperimpo.ed on thee, vector, 

(as to both amount and direction). 

The band topography (Pig,. 5.,6) hardly offer, a hint that the 

"wing.- would be part of a helical trajectory. Perhaps, however, a 

elical motion had existed earlier which might nearly have ceased 

w en the stereo photographs were taken, a flattening of the cirrus 

topography might in the meantime have taken place. 

Some wave, withlwo.25 km are indicated in the wing, at 12,40 (upper 
rught portion of Pig. 7a). This d.mcnstate. the existence of she" 

thi.Verí ’B811 T1*’ "0<,t Pr0l,ably COnfined t0 ïery -hallo,.layers, 
this shear can hence not affect large scale banding. W 
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3 PlaouBBion. 

5 1. The preoent onoe of ol-ban<Ie near 260 mb ia in fair agreement 

with the aohome advanced by CONOVER [fi], They are located in 

a cone of entrance, at the right aid. of a long Jet, and nearly 

parallel eith the latter aa to their orientation. The high 

level front in thie oaee, — ae oppoaed to oaae I — approxim¬ 

ately parallele the wind direction. - Band data are aleo 
compatible with da(i<ui). 

1.2,, Ci-bandfl wore parallel with large-ecale 300 mb-ieo+h«™,» o«* 

ïîtîrelBynoeSÎ0iftMrr^t6r’aOV9rSOraa^*"°n«l^ed°aî™:tand 

400 mb LohimiL (píge.’ n9arly parallel "“» the 

apparently^o18very repreae™ativefaãmtthti"lnd Boundln«8 18 
Thie le aíggeeted bv thi feet ÎÎÏÎ Î t0 ^019 or P08ltion. 
random maeffe of oiïma p™ïaiîed? "r t0 B0“ndlnfi time, 

lnfluence°on at0oI0° “?itB 8180 h88 S«8» 
la roughly parSuJl im^hS wLd ° 0a" 9ln°9 the latt81’ 

alïathef0io^ing0e?atï^a ifa^aUon8^^?0^0 aCMrd1"« to 
4° has to be applied aoonr?inï ♦«Sí* a. 8i1^ht ccrreotion of 
meaaurement of cloud’motion. ß the photo6ram etrioal 

theae bandaje then°oertai«íy aporoÍT* which generated 

Bec'^°(thiB ^eirt’S^Mv 

(?Mre^r^reait^P?o^o^rrhe2^Sr5T’aLVbr?rt' toward m, Piga. 1^3, 5) h fallatreakfl Pointing 

fUhMfart Kl"d !» taken. 
With the amount predicted by Kü^TTRBR^ÍÍll ""tÍ« ?cr!Gnent 
are cloae to the lecel where « o! ’ Th banda agaln 

3 4. The apacing of these ci-banda wan ro«»« + 
some 7 km ao a rule. In o^e thnt +Í2 ? to fe^lar. with 
ratio would be roughly 3 ~ aflhth«îh >,í8?aCírig/thiclcne88)- 
the ahearimr lavar ÍL«v,7 f thaî obtained in oaae I -- 

ehear up to bari tips, shcmld^e^^ii^t ?ound?ry of ationg 
olear upon the wind ai undies whetiar^M^ lB ^ qulte 
the level of the jet front Tpiüií?ef thia,,,a8 the oaae; if 
boundary, a thickness of 2.5 tafnp tofltS¡tí0iíaÍed aa the lower 
result. In this case th« oL,ï to th® band tope would 
oeming the »ctual shear whieW«Î°n ïaîe*ubove f5.), oon- 
oomplete. which generated these bands, ia not 

5* Small scale lateral motion within +4 „ 
aooordanoe with similar resulta ««ríÍÍ5 was ln falr r t mixar results earlier obtained by CONOVER ¡6]. 
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c_aae etudy lili 6 Nov. 1962 

I. Introduotion. 

*:;rt:nu°Lthrrwere taken at °ne-ninute 
wa. 1 725 n Íà 1' I“ ph0togrMI“etJio located in Darm.t.dt, 
was 1.725 m in length, oriented 65^-+245°. 

Oirrue clouds which were close to random maeeee in appearanc 
occurred at three different levels. ‘ 

The orientation of the streak, across their direction of motion 

raYZr Therma WhlCh 0r08e th’ C0“ (Of the same 
of ! Yh r a anele- “ ™8 °au8ed ^ the »«a in front 

of th „ eï* alr "t0n«U8' "hloh intensified in the course 

IV) crIatr9U<,nt 20 h°Ura (o°"par9 ?1«- 7- “I Vi«- 10 of case lli’Zl l r™ pr“n0“°ed bandB in th8 raar °f ‘»is »tongue- on 

reYt this cL0ea,.etudVy: “ " thU 0l~ ^ ^8«-d 

Cirrus properties and m.teorologioai conditions 

zzzxz 71 rr o:cupied three diifa^ ^-i. which 

c D ens w » » ,, *•"> at 7.1 tarn two streak systems. 

at 9 " to’whlî t: 7 ““ a P°rti0n °f a 00-layer "ith «s base 
9. km while the tops slightly exceed 9.5 km (Pig. i). 

Motion vector, and resulting mean vertical eh.ar were Inscribed in 

c d -°81 OW did not ex- 

nassA: Aon:: ue^c layers °f 1 -— 
The streak length, werl tT ! "* °0Uld taJce pl8c*‘ ngïna were in the order of 10 to 20 Jon. 

In a siailar case ([20], ö Oct IQSkî «4 * 
order of 10 km formed at four difffrint îê™ÎÎÎ8thf 1» the 

t^ofïwAF’*?*“ ’m^a ll*sxpressed ^in^terma7t ^"«."mõrí twofold. Therefore, the two onm** 7 W? wa8 ®ore than 
the same RICHARDSON number? accompanied by approximately 

*11 of the more pronounced streaks paralleled the wind eh.ar at 
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and/or »lightly below their level. This la deacrlbed in wore a t ,, 
under the following chapter. “eecribed i" »ore detail 

Wind condltlona. 

ITtiT^LlTrlT iT tT* Tree cloud R8 determinad ^ cioud lUKj^on measured in the stereo pairs, arree w#»n »i+v, 
ion1 ' (Via 11 ^ mu , ^ agree well with the cross sect- 

trig. 11). The Cirrua occurrod nf «d d 

tween two Jet axea (Wgf. 5>6(11), 0f ŒinifflU“ "ini b- 

300 Íos^dfí^ÍÕ-! “°unfi^8j the mean vertical «hear 400-. 
3.0 X 10“3 aec-1 towards iHfnn vh! 12,00»vdecröa8ing to 1300, 
Darmstadt, (between vectors I and ®^®ar the same laver at 
only 1400, l.y x 10-3 8ec-l at 14:1^1 P0int8 A and G» Pi«* O, 1» 

The streaks at Ö.2 km evidently v ..u —» 

Which is 100-, 2.8 x 10-3 gee1 V IT 7 8 
ground of Pi/ Ph V * Sone faint cl-”8breaks in the fore- 
ground of Pig. 2b, at wB to, which become visible only by ater.o 
viewing, have this same orientation. 

A few cc-streaka at outer u 
Pig. 2a 14.oh ^ Photograph, depicted larger in 
ng. 2a, 14:08, display an orientation (dash-stippled) wh^v. / 
parallele the mean ahear iTTTñ. «iPPled) which exactly 

Concluding from the pointing of fall etrea> one. 

length wae produced bv a »hear „<■ ’ he ”treak of 2° km 
V ceo oy a shear of opposite direction (appro* ^nO^ 

However, it ie established that neither dir.rt, 250 >• 

wîih s1:::::1"8 wouid — -— 

Blscaya^d ^Woíkiíg^igh^veí^Mpeaí s oe'ltrf1 lo" over the 
both, a front between different air R“?aia (Pig. 4). Between 

orientation (compare also Pin Tn° fee across Germany in 
at higher levels). ïlg' lli' (it la pronounced merely 

stronger eoutheaater^eSrface win^orêvãí^d0^11 Weait’ east of it 
lower levels is caused by the Ã}£.preValled- A "tow of winds at 

tb°”bltrSsnobsermi^s! noífof^he^íãliõniíTí ^ 80und1"«» «"1 
stadt was used for the «nstrucU^of^e“™»0"^«™? ^°° Da™- 

chapters 2.2 through 2.7 were composed by Dr.K.WEGE. 



- 64 - 

2.3. High level synoptic aituation. 

The Biscaya central Low reaches up to the lower stratosphere, mig¬ 

rating very slowly toward SE. The anticyclone over Russia is linked 

with a strong, meridional High ridge. Between both, a southeastern 

riow is induced. Within this flow, the above mentioned high level 

cold front is linked with a jet stream over Prance. A second jet 

extends from Hungaria to the North Sea. 

The cirrus measured in Darmstadt were located some 500 km northeast 

of the southwestern jet axis, and some 300 km southwest of the north¬ 

eastern jet axis in a wind minimum. Both jet axes cross the band 

orientation at an angle of roughly 50°. There was little horizontal 

wind shear, no significant acceleration of the wind, and cyclonal 

contour curvature over the Darmstadt area 

The temperature distribution in the upper troposhere (Pigs. 7,8) 

over Darmstadt was characterized by isotherms nearly parallel with 

tiie ci streaks (Pig. 1), with the temperature increasing towards 

north. 

2.4. Thermal stability. 

Throughout the layer 280/420 mb, in which all of the three ci systems 

occurred, the vertical temperature gradients were rather steep 

(0.8 4 Y <1.0°/100 mi Pigs. 12,13). These amounts correspond to little 

stability. Stereo viewing of the cirrus over Darmstadt in 300/400 mb 

reveals that some disorganized turbulence took place especially be¬ 

tween 290 and 330 mb. 

Within 12 hours (12 to 24iOO) the temperature at the level of the 

lowest ci (near 400 mb) cooled by approximately 1.5° C, while it 

cooled by -2.7° C in higher levels, thus increasing the vertical 

temperature gradient. 

2.5. Temperature advection and vertical lift. 

of the 300/400 mb layer wasj over Munich : o j 

over Stuttgart: -1.7 x 10"4oC/sec 
(= -7.4°/12 hours) 

Por the 350/450 mb and 250/350 mb layers of Stuttgart, -0.54xlO"^°C/ 

sec (« 2.3°/12 hours) and -1.6 x 10“4oC/sec (* -6.9°/12 hours) wer6 

obtained respectively. 
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Moe°Sith J'Ih ?KVeCíÍOn °f 00ld air t00k Pi»«* in accord- anee with the wind and the change in temperature as measured nvmi* 
?îUîîf;î't--rvT yi®ld'’ °-35 x 10-ï°0/eec (. 1.5V12 hoS«) Shich 

íeSS fkf? **¥ value obtained obove for the*350/^50 ab 
thickneee layerf/tf ,.d J . The actual temperature chanre at^400 ah b 
“ a™^ed of Munich 1-1.30), Stuttgart (-l“")? ^ Kbîn (-3 ?o) 

Prom these data, wi2 = -»-0.9 cm/sec results» substituting rvTby 

C^Lyi9ldo w..d 0. 

At 300mb, south of the cold air located over the Alpe, warm adveot- 

on occurs, while north of it (compare with (f£) at Stuttgart!) 

cold advection takes place. Since Munich is located within the axis 

of the cold «ir, [ft « 0 is confirmed (Pigs. 6,0). 

Since an air parcel which arrives at Darmstadt after 12 hours of 

travel, has had to c:-oss this area of cold air, the 12 hours mean 
•'VT may not be compared with (ffj^over Darmstadt. 

Prom the vertical velocity with a mean temperature change fel) 

of -2.4 /12 hours (Stuttgart -2.7°, Munich -1.6°, Köln -2.^0) 

W12 = +2.7 cm/sec results. But north of the cold air area a value 

for vvT = 1.4 x KT^C/sec results. This equals the (£) value ob¬ 

tained for the highest ci-layer from the winds measured over Stutt¬ 

gart (the latter seems to be a little too great). A comparison with 

the temperature change yields a slight subsidence in 300 mb north of 

the Alps. For a trajectory reaching from the Alps to the east cost • 

0 England, we obtain wpg » -0.4 cm/sec, whereas south of the Alps 

the considerable value of w12 , 4.4 cm/eec results, here cooling 

took place despite warm air advection! - The above mentioned air 

parcel with its terminal over Darmstadt, which yields a mean 

üf2tã +2<‘I 0“/*e°’ WaS lifted only 80uth of the Alps, while north 
of them it underwent a descending motion. 

We 0an 8tate about tha fiald of vertical motion: 
South of the Alps there was slight ascending motion in the lower 

ci-layer, in the higher ci-layers there was considerable ascending 

mo ion south of the Alps, while north of them slight subsidence 

took place. Therefore, w, have to assume that the ci were generated 
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south of the Alps, and the subsidence was not large enough to 

bring the relative humidity from water to ice-saturation (see 

next chapt. and case V). The horizontal distance of the zero line 

of vertical motion is about 300 km. 

2.6. Humidity. 

The Munich sounding yields a relative humidity of 102 to 112 i> over 

ice in the ci-layer, Köln very strong over-saturation (120 to 140 # 

£), whereas over Stuttgart no ice-saturation was observed (Pi*s 
12,13). 

2.7. Vorticity advection. 

With the computed vertical velocities (chapt. 2.5.) we can assume 

a zero level of vertical motion (combined with horizontal diverg¬ 

ence) between 400 and 300 mb. The chart of relative vorticity 

shows that the assumption of FRENCH and JOHANNESSEN,that the 300 mb 

level lies below the zero level, is not applicable on thie case. 

If we assume the zero level between 300 and 400 mb, then indeed 

subsidence by positive vorticity advection (Fig. 14) in 300 mb and 

ascending by positive vorticity advection in 400 mb over the area 

of Darmstadt is obtained. (The relative vorticity distribution in 

the 400 mb level is very similar to that in 300 mb). 

3. Discussion. 

(1) In view of the comparatively slow motion of these ci streaks, 

the great angular deviation of their orientation from their ’ 

motion direction, a~öO°, is permitted by the ¿a (|u|) stat¬ 

istics. It should also be noted that this case of angular devi¬ 

ation occurred, again, near a High ridge. 

(2) The streaks roughly oriented parallel with isotherm* vertical 

shear and high level isonephs. 

(3) Since vertical shear amounts, as averaged over 1.0 km thickness, 

in none of the high level altitudes exceeded 3.0 x 10*”^ sec“^, 

no large scale bands were able to form. * 

Small scale bands or streaks, present at all of the three levels, 

may have been due to greater vertical shear amounts/ as averaged 
over more shallow layers. 
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(4) Humidity was close to ice saturation. In view of a subsidence 

of only 0.4 cm/sec which should be regarded as a mean over 

area and time, local areas of ascent — in statistical distribut¬ 

ion perhaps — cannot be excluded to have existed. 
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case study lYi 7 Nov. 1962 

1. Introduction. 

A few single photographs were taken between d:22 and ö:30 in 

Ober-Ramstadt (Pigs. 1,2,4). 

At 10:50, a large field of not very bright ci-bands was sighted in 

Darmstadti stereo pairs were taken from 11:15 from a base 1.73 km 

in length with the taking axis tilted by 45° toward east —hence 

pointing toward 21° (see map of Pig. 6). Ci-bands occurred at two 

different levels, some 1.5 km apart. Their orientation is cross the 

wind, thereby reflecting the existence of a high level cold air 

tongue which lay cross the contours. 

The evaluation of these stereo pairs proved to be extremely diffic¬ 
ult (13 due to the great distance of the bands from the base line 
and (2) because they lie almost parallel to the x'-axis in the 
pictures. As earlier described [20], this causes great relative 
mean errors in the horizontal parallax px». Additional methods of 
measurement including vertical parallaxes caused by the horizontal 
tilt were employed in order to attain the required accuracy. 

At 14:20, low mammatus were observed as they deformed into streaks 

— toward 15:00 -- under an apparently strong vertical shear. 

At 15:30, drizzling rain set in. 

2. Ci-band properties and meteorological conditions. 

(!) Bands photographed at 0:30 (Pigs. 1,2,4) were estimâtedly at 

8.0 knr ■ in agreement with measurements of their motion vector and 

the wind vector at Stuttgart; their motion vector was 210°, 28 m/sec : 

they were oriented 1503-»330o (see map of Pig. 3). The length of 
these bands was at Icaat 150 km, the spacing of four different bands 

(in Pig. 1, measured from SW to NE) being 7.0, 6.5, 6.5 km. Bands 

which were photographed a few minutes later (Pigs. 2,4) were spaced 

— less regularly —: 9, 7, 6, 5 km, also measured SW to NE. This 

irregularity may only partly be attributed to measurement deficiency. 

(2) Bands photographed at 11:00 (Pigs. 5,6) lay at two different 

levels: 

(a) The mean altitude of the system A,B,C,D,P,F was at 8.1±0.3 km 

(the second value denotes standard deviation of measurement 

According to estimates of the Bismarckturm weather station near 
Darmstadt. 
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errors), the banda oriented 114^294° moved 230°. 23 m/a«*. 

The length of these bands was at least 22o km, their spacing 

was roughly 1¾ km (Fig. 6). 

(b) The^system 0,H,I,L,M,N1; was at 9.6Í0.4 km, moving 22b° ± 40 

— ~ 3 "1th an orientation 130^-010°. The lengthe of 

theae ol-bande may be estimated also to exceed 150 km. The 

distance between systems H,I,K and L.M.N was some 40 km. All 

of these ci-bands rouehly parallel the 400 mb and 300 mb iso¬ 

therms (Pigs. 9,10,11), as well as the isonephs at 9,00 and 
12:00 (Pig. 16). 

The tiny point z and neighboured cloud spots at 9.0-0.1 km 

vanished some 15 minutes after birth, their motion vector was 
225 , 27 m/sec. 

2.1. Wind conditions. 

These ci-bands, in a manner similar to those of case III, also 

occurred in an area of relative minimum wind between two Jet axes 

(Pigs. a.14). The wind vectors at all three levels where clouds 
were encountered agree with the oros, section (Pig. 14, i„ which 

rawin measurements are summarized. 

Im/x« Tlklng ieatUre 0f the 12:00 hod°eram ia the strong she. 
400—>300 mb at Köln, Stuttgart, and Munich (Fig. 13). 

The —an atiçai shear 400-»300 mb at 12:00 is over 

-0 Köln . 256' 

Stuttgart: 262°, 

Munich 

average 

: 262 

: 260( 

0 

7*4 X 10 ^ sec 

II.3 X 10 ^ sec , 

Öe4 X 10 ^ sec 

9.0 X IO"3 sec ~1. 

ePcuraís812;5°he9S0hearin-63"+33-l,"b 8h°Uld rather be «^-ed, it 
the bent ’ 10 8ec • ™8 8hear Vector can be considered 
the best representative for the ci-bands since on their travel 

downstream they came close to the latitude of Köln at 12,00. 

The mean of the shear vectors of XBln and Stuttgart is 2fii°. 

10'° * 10-55=1.. throughout a layer of some I.9 km thickJ.. 

an apparent measurement error, the distanrp nf 4 
system is yet too near by a km in the dra/^ °f thlE clrrU8 
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The maximum shear, of course, exceeds the average shear. Estimated 

by a profile of the relative wind, it attains some 17 x lO”'5 sec“1, 

at a level which is not quite 1 km below the level of the lower 

band system. 

Although the three motion vectors could not be determined as re¬ 

liable as to derive precise shear values, fh*y still suggest that 

the mean vertical shear between the levels of the two large ci 

systems is not very great. This assumption is confirmed by the 

comparatively small shear at Köln, 339-+300 mb — covering the 

thickness between 8.2 and 9.1 xm — with 4.6 x 10-3 sec”1. 

According to the shear at Köln, Stuttgart, and Munich at 12:00 

(?ig. 14), a thermal jet stream 400-»300 mb, of very broad maximum, 

directed approximately along 270°-» 90°, lies over the area Darm¬ 

stadt, Stuttgart, Munich (Pig. 13). While this shear maximum is 

lower at Köln (462-*339 mb), it has finally shifted down to 500-* 

400 mb at Wernigerode and Hannover, and thereby changed direction 

toward 290°—»110°. 

This remarkable arrangement deserves further attention: Like in 

case I, vertical shear isVstrong and sufficiently extended in the 

horizontal as to enable that a lateral shift of the shear maximum 

to consecutive levels can be traced. However — opposed to the far 

more common type represented by case I — this downward shift does 

not occur towards the right, but towards the left of the shear 

vector direction! (i.e., the shearing layer slopes downward toward 

north). This implies that the cold air is not below, but above the 

layer of strong shear separating both air masses. This should ex¬ 

plain why rather steep vertical temperature gradients, close to dry- 

adiabatic, occurred (see chapt. 2.4). The decline of this layer to¬ 

ward north is even slightly reflected in the levels of steepest 

lapse rate: While over Stuttgart and Köln it occurred roughly be¬ 

tween 400 and 300 mb, it was between 500 and 370 mb at Wernigerode. 

A comparison with Pigs. 9, 11 suggests that the center of the cold 

air within the layer 300/400 mb was roughly 100 km West of Hannover. 

2.2. Surface weather development.1^ 

The cyclone which lay over the Biscaya on 6 Nov. has changed to the 

chapters 2.2 trough 2.7 were composed by Dr.K.WEGE. 
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northwest cape of Spain on the morning of 7 Nov., while on the 
eastern coast of Spain another Low has arrived. In the course of 
the day, the latter cyclone migrates northward and joins the centra] 
Low over southwestern Prance. In the forenoon of 7 Nov., the faint 
high level cold front has reached the line Netherlands^eastern 
Alps, where it diminishes. It marks the frontier between a weak 
southern flow in the west (maritime air) and a SE flow in the east 
(continental air). 

2.3. Evolution of the hiflh level synoptic situation. 

A comparison of 300 mb charts of 6 Nov, 12:00, case III (Pig. 6) 

and 1 Nov., 0:00 and 12:00 (Pigs. 7,8) demonstrates that an essent¬ 
ial change took place in the flow regime of the upper troposphere: 

With a rapid migration of the alpine trough towards north, the jet, 

until then located over the western Mediterranean, moved to western 

Europe and the North Sea at 12:00. At its right side, a "jet finger" 

creates which points from the Rhone valley into northeast Germany. 

This caused a sudden change in high level wind direction from SE 

to SW over western Germany (Pig. 6 of case III, and Pig. 8 of this 

case). The pibal observations of Stuttgart and Köln at 06:00 (Pig. 

12) and a comparison of Pigs. 7 and 8 suggests that the trough 

passed Darmstadt at approximately this time. 

It suggests itself that the 300 mb trough was associated with the 

high level cold air tongue, located over the Alps on the day before 

iaee case III). Due to the position of the Darmstadt area in a re¬ 

lative wind minimum at 12:00, there was only little horizontal shear 

to the northwest, it was increasing up to 13 kn/100 km = 6.5 x 10"5/ 

nee (anticyclonal, dynamical stability). The horizontal distance to 

the main jet axis northwest of Darmst. was about 340 km* the distance 

to the jet finger southeast of Darmstadt about 120 km (Pig. 8). 

Darmstadt was located in the area of exit, the jet axes crossing the 

contours slightly toward higher pressure* there was negative accel¬ 

eration of the travelling air parcels. 

2.4. Thermal stability. 

The high level thermal stability was essentially determined by the 

high level cold air (details of its properties were already describ¬ 

ed in che.pt. 2.1.). Especially at the layer of the lower ci-bands, 

lapse rates close to dry-adiaMic prevailed (Pigs. 16,17): It was 

—- = 0.85O/100 m at Köln, jL = o.91°/100 m at Stuttgart. At the 
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higher ci layer, lapse rates were only 0.69°/100 m at Köln and 

0.78 /100 m at Stuttgart. Both soundings display minor lapse rates 

below than above this cirrus. 

2.5. Temperature change and vertical motions. 

The temperature changes OiOO to 12:00 over Köln (Stuttgart values 

in brackets) were: At the level below the lower ci (350 mb) -2.1°/12 

hours (-0.5°/12 h), while It ie -5.67l2 hours (-0.5712 h) above 

that level. The cooling at Köln means an Increase of the vertical 

gradient of actual temperature there. 

Within the same time, the temperature change below the level of the 

upper ci system (close to 2ö0 mb) is -3.6°/l2 hours (-0.5°/l? h)j 

above, it is +1.8°/12 hours (+1.1°/12 h). 

This means cooling below, warming above this cirrus, hence a tenden¬ 

cy toward stabilizing. 

ïî%î!m?®ratur? a<*vection was determined upon the sounding of Köln* 
At the lower ci, for which the lov.»,. oi jtom. 
presentative,(|f ), 
advection)) this 

I C a 300/400 mb was considered re- 
= +5.4 X 10-4oc/sec (+23°C/12 hours, warm air 

. ' » -*•*» value certainly exceeds the real value! ahv»r»t-inn 

10“45S/a^ef d®t®rmin8d 210/310 mb, which yields -1.7 x 
O? rh- ? ^(‘1w0if12.hourB> 00ld alr ulvection). since the backing 
of the wind., which yields the negative value for A-f) . does not^ 

foe?1?hebec1ri^.erîrOPOP,,U,,e’ the ™1Ue °bt,iin9d noteav2nd 

Vertical lift was determined merely upon*^T, since (|f) would yield 

no reliable values. Upstream of Köln, we obtain dw 

at 400 mb, 

at 300 mb, 

0:00 till 12:00, 

0:00 till 12:00, 

.12:00 till 24:00, 

w12 * +2.3 cm/seci 

w12 = +3.1 cm/sec i 

w12 3 +1*9 cm/sec. 

Like on the day before (case III), ascending motion takes place in 

the same area with respect to the (northward migrating) cold air 

"tongue", (i.e. in a "tongue"-fixed coordinate syatem the position 

of ascending motion does not change considerably in the course of 

24 hours). Prom 0:00 to 12:00 the ascending motion mainly results 

from the local temperature decrease, whereas from 12:00 to 24:00 a 

temperature rise was observed which, however, was not as great as 

could be expected from the wT-values [see Appendix, (IV)]. 
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2.6. Humidity. 

Satura«0" with respect to ice was attained at Köln at 420 wb up- 

ward, increaeine to superaaturation (with reapect to ice) toward* 

pif (4o°mb! 105 *,o0 ob! 110 *'255 130 ■<, 
«. 17). At Stuttgart, no saturation was attained close to 12-00. 

While a time decrease of humidity took place oyer Stuttgart, motet 
Still increased at Köln. 1 

2.7. Yorticlty advectlon. 

Sine the 300 mb streamlines at 12:00 (Pig 0) 

the relative vorticity are nearly parallel, it 

whether positive or negative vorticity advecti 

and the isopleths of 

is hard to decide 

on took place at 12:00. 

3. Small scale featur*«. 

Close inspection of the bands 

suggests that vertical shear, 

ed through the band thickness 

existence of fall streaks. 

in the area near point P in Pig. 6 

directed in band orientation, prevail- 

The vertical component may indicate 

Near the points H,I, six waves of equal length* a i w ........a.., „ .““sr;, : ;r 
üdAs8Sdefiñerd T^ ^ Vertlc“l »»Put- ae as defined by (a); was 0.5 km. V 
-- onbr^iir2^ee?snb^,ahf “fïî:411“1 - p—ipi« 

obs8rvePthatethe8ePvoítícls resulted8?*1" basls' Pe™itted us to effects: ortices resulted from a superimposition of two 

whichPparta*the ^“^.^“a^í^e^^m^e** »»^ary 
soon as their motion velocities ¿^me dr^feíent * bel0W> a’ 

2" Iacehg?aierrao?0rnoUfst(“8Mr???8r??.8 »hereby 
WS, formed by (and Lwcn??*’ 

uAnVdergÒ"en de8°rlbe8 ^ dlff*r*nt Sta«es -ese waves 

î^îHe'df*“*“8 "“«^^“phPto^^Æ “ifÄ^t^s^: 00n- 
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The wares depicted in Pig. 6 

to stage 2, while the shape 

depicted nearby under (b)^^ 

correspond to stage 3 of 

AVSEC's experiment. 

4. Discussion, 

(1) Orientation of ci-bands differed by 60° and 64° from their 

respective motion direction. Since the respective velocities 

were 28 m/sec and 23 m/sec, these angles are yet compatible 

with the ¿<x( lui ) statistical law. The edge of an apparent layer 

not far below the tropopause deviated from this rule, according 

to the measurements, by some Id0. Since it was distant some 

100 km it is suspected that this apparent deviation is, to a 

part, added up from errors in measurement of motion direction 

and velocity. It is moreover not certain whether these ed&es can 

be regarded as parts of large scale ci-bands, merely for which 

the 4 a( I ui ) has been regare ed to be of validity without exception. 

The area of these ci-bands is not far from a large, extended 
High ridge. 

(2) The lower ci-bands oriented parallel with the isotherms and the 

wind shear which dominated below and at band level. The precise 

levels of the ci, with respect to the relative wind profile, 

could not be determined. Yet there is no doubt that these bands 

were generated by strong, large scale shear. 

The relative wind at Stuttgart and Köln, taken with respect to 

a coordinate system fixed with the 500 mb wind vector and in 

west—east orientation, yields a profile which fairly well agreee 

with that described by KUETTNER [ll]. 

The bands were also parallel with the isonephs near Darmstadt 

at 9100 and 12:00, the underlying cloud cover consisting mainly 
out of cirrus. 

(3) The fact that both vertical shear maxima and levels of steepest 

lapse rate shift to lower levels, toward the left of the shear 

direction, revealed the existence of a high level cold air mass 

compatible with the actual horizontal and vertical temperature 
distribution. 

and nearby under (a) correspond 

see footnote on page 73. 
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i» b;:\rr:rud by ca,e ^th8 «*- 
eat shear i. alao a lly,r of'tn fat layer °f atron«- 

y of increaeed thermal stability 
ppoced to this more coirmon mode, however th« 

case represents the contrary. Due to th the preBent 

the layer of m(utlmun ehear L aleo a h"“ 

stabllny, Thl, probably caused the band. - at "a.t thTl 

er one. - to generate .till within the strong eh,“ . ^ 
th8ir ^“tud, and appearance euggeet. 
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caaa study Vi 1 March 1963 

1. Introduction. 

Moderately pronounced ci-banda were photographed on this day from 

9:40 till 13:49| etereo-paire were taken from 10:46 through 13:51. 

Oirrue prevailed within the northern half of the eky over Darmstadt, 

while the southern half had little cloud amount, a diary note .aye 

a rom 12:50 till the end of these observatione the southern half 

of the sky was free of any clouds. Both position and/or little con¬ 

trast of the band inhibit tracing of eventual small scale motions. ' 

2. Cirrus arojjertlas and meteorological conditions. 

luring the period of measurement the band level was 9-5 km, with the 

tops at 9.8 km and fall streak basee at 9.0 km. The bands were at 
least 250 km in length. 

The following table Indicates details of the geometric data: 

Table I: 

Oi-band, kept roughly parallel with isotherms and relative topography 

r:r;Tpr;n) °iose to th:ir ievei (?ie8- ^ at 12:00 (Table I and Big. 11).[m the present case, isotherm, were 

fficult to determine since an only small horizontal temperature 
gradient prevailed in the large scale]. 
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Sm.ll a°8le features of the observed bands were as follows: Three 

neighboured bands in Pig. le were spaced 14 to and 12 to, reepeot- 

of*ír thr98 b,lndS °f 8trealCy ‘PPe“-«>ee in the foreground 
or Pig. 2, 13:38, spacing was 13 and 5 to (the middle band was 

rather narrow). Finally, the distance between two bands in Pig. 2 

13:49, was roughly 14 to (the southernmost band is not completed 

Visible). Ho halfway regular spacing was els, recorded. Short streak, 

or ginating from the band in foreground of Pig. 2 (H:02 11-28) 
fell toward north. ’ • -1 » 

2.1. Local wind conditions. 

To the extent to which wind conditions pertain to this cirrus field, 

-hey were characterized by a Jet finger some 275 ta SE of Darmstadt 

(Pig. 4)1 and by moderate wind shear in 300/400 mb directed nearly 

opposite the Jet (Pigs. 4,7, 9 ). It is suspected that a meso-.cale 

*"" „J*1 300/400 Pointing toward 60°, lay over and slightly 
nor o^ Darmstadt. Its mean shear amount can be estimated to 

Stott ’ h”' maXl““ ValUe naturallP «deling the mean. Over 
Stuttgart at 12:00, the 300/400 mb shear was 200°, 6.1 x lo'3 see'1. 

over Köln, the 300/380 mb shear was 260°, 5.0 x 10“5 sec”1. 

The 12:00 wind sounding of Idar-Oberst«in „vhov, „v, 16 ia*T uoerstein, which shows no shear with- 

ayer, seemingly contradicts this assumption. It is, however 

experienc9 that in thia —^ o;;.? 
Since in the present case the radiosonde was carried still farther 

to the west by this wind, i.e. away from the Darmstadt are. the 

ear obtaineo in that area may indeed have had smaller amounts - as 

Pigs. 6,7 suggest -, but it was most probably not zero. 

ton/!«/ !n°ther lndloation that the »and orientation was governed bv 
300/400 mb relative wind: As Table I indicates, the sand orientation 

changed from 681-.248 at 10:16, over 74Î-.2540 at 11:2a to 981-.27./ 

ations^of thel8ir°thhly the tendenoP of «uocêssive orient¬ 
ations of the isotherms north of the warm air tongue when the latter 

moved WSW-ward SE of Darmstadt (with the general high level wlnd) 
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2.2. Surface weather situation? 

«i«" ov.r th. 
stretched toward southern Sei aïîneS* A 8tron€ ridge of it 
at its western (^? ^?a 18 loo*t8<i 

hi. Development of high level synoptic situation. 

Lh't"f;:nti0n8d Rb0Ve r8a0h,8 Up t0 the 200 ^ level, its axis 

th w l c°Ward n0rth"e8t 80 th,,t itfl uPPer center is located over 
the North Sea. Between this, and a high level low over Yugoslavia 

a Jet extends from the Ukraine toward northern Italy. At its right Z’:rrr “is extends ir°m the *» »p«»«™ prano.. 
This Jet axis lies some 275 km SE of Darmstadt, the ci-hande thus 

occurring at its right side, the ageostrophic Cind component cLe. 

th. ai U8 ar8a was evidently directed toward higher pressure, 
he air parcels hence decreased their velocity. 

Horizontal wind shear is approximately 13 kn/loo km =, 6.5 x lo'5 sec1 

'jTt d88plt8 ««‘ieyclonical shear). The direction of 

20° Jov.r ; T ! band 0rl8ntatlon Oiííered by an angle of some 

Small t \ arm8tadt arel1’ contours were slightly anticyclonal. 
Small temperature gradients prevailed at 300 mb at 12:00. 

Netheriand.10"*“' 8tret°hed fr0m Saa "«tward to th. 
Netherlands, a second cold air tongue stretched over the Alps. Be- 
tween both cold air mas..., a "ridge of warM alr extended ^ 

thTsmaÍi^18/ h 18 80Uth °f Dar08tadt- Aa a —ciuenc. of isall horizontal temperature j.»nt« anom d nvi. . * ««'me graaients, analysis was difficult 
an in cases of uncertainty, had to rely on the vertical shear in the 

So/£Twrern (rel- t&P>) 500/400 mb- Tha ~la«v. topography 

ths^the^o^i^^t^i00mp8n8aífte tha lo» over Yugoslavia, to th. effect 
hat the horizontal temperature gradient prevailing at this level ! 

uniformly directed toward SSF Th** + ^ 11 is 
^ toward SSL. The tropopause is only slißhtlv inoi-in 

ed, due to the small temperature gradients Th* S ^ nclln- 
below the tropopause. Th8 band8 W8re aon' 

_2.4. Thermal etability. 

: rerred upon the i2!0° a°und^of id“- n, located 100 km downstream of Darmstadt, corresponding 

chapter® 2 2 Itrr.jt 27 „(,t k? Or p We« 
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values of the 06:00 soundinc will be added in brackets (compare with 
Pigs. 12,13): 

PT 
9l = 0-«6°C/l00 n (0.80°/l00 m) at 350/400 mb; and 

0. /6°C/100 m (0.ö0°/l00 in) at 300/350 mb. 

This corresponds to rather steep vertical temperature gradients. Both 

Stuttgart and Köln had a yet steeper lapse rate, with 0.d7°/100 m 
throughout 300/400 mb. 

2_o. Temperature change, advection and vertical motion. 

According to the Idar-Ober^ein soundings, the 6-hourly temperature 

change was between +1° and +2° below, at and above ci level. Over 

Köln, there was a 12-hourly increase of roughly Io below, and a Io 

decrease above ci level. The following values of temperature advect- 

were determined for the 250/350 mb layer 

at Idar-Oberstein (12.-00): +2.07 x lO^oc/sec (= tí.90/12 hours), 
at Köln (12:00): 0.0°C/aec. 

Advection is subject to fluctuations as to both level and time. For 

instance, over Idar-Oberstein from 06:00 to 12:00, advection changes 

its sign both below and above cirrus level, whereby the (calculated) 

amounts of advection perhaps exceed actual advection. The high level 

synoptic situation over the Darmstadt area, including the nearby Jet, 

implies that on the large scale and within greater time intervals, 

slight subsidence prevailed. We may draw the same conclusion if the 

humidity distribution is considered. Calculation employing conditions 

12 hours upstream of Köln at 0:00 yields w12 = -0.6 cm/sec. Analogous 

calcualtion with conditions 6 hours upstream of Idar-Oberstein at 

06:00 also yield w6 = -0.6 cm/sec, here, however, vvT had to be de¬ 

termined upon a 06:00 value obtained by interpolating between the 

0:00 and 12:00 terms. The vertical motion as determined upon /¿T) 

would be wadv = >2 cm/sec, this value certainly exceeds the actÜaî^ 

value, this can be explained by the fact that the underlying ¿I term, 

represents an instantaneous value. Analogous calculation yields for 
Köln wa(jv = +0.1 cm/sec. 
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We must conclude that the observed cirrus field was of meso-scale 

extent, generated in comparatively narrow areas of ascent which were 

enclosed in a larger area of general subsidence. The network of 

sounding stations was apparently yet too wide-gridded as to yield 

results best representative for these cirrus. 

2.6. Humidity. 

The soundings of Idar-Oberstein (06j00 and 12r00), also of Köln 

(12:00),and Stuttgart (12:00) imply that there was no ice saturation 

(Pigs. 12,13), despite cirrus amounts up to 4 eights near Köln at 

12:00 (Pig. 11). Changes of humidity with time were small and within 

measurement errors. This is compatible with the large scale subsid¬ 

ence (see chapt. 2.5.). 

2.7. Vortlcity. 

Vorticity advection at Darmstadt, 12:00, was negative both at 500 mb 

and 300 mb (Pigs. 14,15). 

3. Discussion. 

3.1. "he difference between band orientation and motion direction kept 

nearly constant at approximately 10°. This angle is far within 

compatibility with the velocity, considering Aa(lul). A jet 

finger lay some 275 km southeast of these bands. A rough parall¬ 

elism of bands with the former is certainly "incidental'*. 

3.2. The fact that the shear 300/400 mb was nearly opposite the gen¬ 

eral high level wind, had a major share in caus i.ng these bands 

to move comparatively slow. 

3.3. Bands paralleled isonephs especially at 12:00, It can be assumed 

that isonephs — which entirely consist of cirrus amounts — 

represent the local high level isotherm direction better than 

isotherms which were derived from actual temperature measurementa 

Sounding stations proved too sparse in this case as to account 

fully for the details. 

3.4. The present cirrus occurred in a large scale area of subsidence. 

Lift, which might be anticipated to have occurred upstream of 

Darmstadt, upon the temperature analysis of 0:00, was not present 
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there, since the 12-hourly temperature change surmounts the 

one which should be expected upon advection (thus, at Posen 

[12-330]s^wi2 = “l*6 cm/secj at Prague [ll-bld]: w12 « -0.8 

cm/sec)./if we consider the daily temperature change by radiat¬ 

ion (+0.5°C), vertical motion still remains. 



Case study 71 s 14 Febr. 1964 

1. Introduction. 

î'oderately pronounced ci-bands were observed and photographed on 

tills day from 8:15 through 14s50. Since the photogramnetry group 

was not complete, stereo photographs could start not earlier than 

14:40. 

Bands wore moderately pronounced mainly from 8 through 11 hours 

and again from 12:50 through U:10. Between these two periods, 

hands of appearance close to random maosee occurred, raat 14:30, 

only lower ci masses, with hand structure still preeent only in 

the large scale aspect, were observed (Fig. 5). 

Despite great probabilities in favor of the estimated band altitude 

as furnished by different sources and data, ultimate certainty 

was not attained without stereo measurement. Incidently, due to 

the complicated meao-scale weather situation, precise information 

on actual meteorological conditions could also not be obtained. 

girrua .properties and meteorological oondft^npM. 

The following table informs on some of the essential data of these 

ci-bands : 

Table I 

altit. 
Fig. time [km] orientation 

motion 
direct, veloc. 
__[n/seo] 

mot. dir. 
minus 

c -ientation 

1 8:15 
3b 8:30 
3 8:45 

8.3^ 1270^307° not meas. vei-y V O JL f V 

slow 

5 14:40 

4b 13:00 

4a 9:30 

— 10:50 

11:50 

8.3'1 127°-. 307° 133° 4.r 

8.3*' 125o~ 305° 134° 7.3 

8.3 127°*-.307° not meas. 

8.3^ 120°—. 300° 136° 14.3 

5.8 109o—289° 173° 3.7 

Synoptic charts for this case were made by Mr. R. 

* ) 
Altitudes according to estimates of four different main 

stations; all other data were obtained by photogrammetry 
weather 
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Motion and oriantation of those bands chQnfjed very slowly and 

steady from Oil5 through 13iOO. The abrupt change in motion 

direction toward 14s40 is certainly due to the change of cirrus 

occurrence to a far lower altitude. 

These ci-bands paralleled the isotherms both of 400 and 300 mb 

(Pigs. 7, 9); as well as the thickness pattern (rel. top.) 

300/400 mb and the isonephs close to Darmstadt (^igs. 2, 10) _ 

the latter consisting almost entirely of cirrus; and also the 

344/500 mb wind shear at Stuttgart (Pig. 11). 

¿a_1» Wind conditions over southwestern Germany^ 

The thermal wind distribution was rather complicated in this case, 

with strong directional changes especially at 400 and 300 mb (com¬ 

pare Stuttgart, Darmstadt [Table!] and Köln, Pig. 11), so that the 

density cf the network of sounding stations — with a mean distance 

of some 100 n.mi. — was not sufficient to explore fully the actual 

wind conditions. Hence no proper cross section was plotted. Winds 

at Köln and Stuttgart atl2 00aod 18»00 suggest that the eastward ex¬ 

tending trough over Prance slowly moved northward (see chapt. 2.3). 

If it is considered that the radiosonde of Stuttgart had migrated 

some 10 km to NTTE of Stuttgart when reaching the shearing layer, 

the distance normal to the bands observed SE of Darmstadt shrinks 

to some 50 km. This suggests that despite the great bend in wind 

direction, Stuttgart rawin measurements of 12t00 are yet the best 
representative. 

At Stuttgart, 12:no, in the average from 500 through 344 mb (thick¬ 

ness of 2.6 km; Pig. 11), vertical shear was 103°, 5.0 x 10"3sec“1; 

maximum shear within this layer was greater, of course. The mean 

direction 500-400 mb coincides with the orientation of ci-bands 

encountered from 8 until 13 hours, -he wind shear at Köln is negli¬ 
gible in comparison. 

A strong argument in favour of the estimates of 8.3 ic the 

wind direction at 340 mb : If the Stuttgart value is given a neater 

v/eight - as compared to Köln-, due to Stuttgart's location closer 

to Darmst dt, the resulting weighed mean of winds is 140° 0 m/aQc 

- well compatible with the band motion direction, ’"heres^ beyond 

the layer 300/380 mb every wind vector mean would yield directions 
which exceed 145°(comp. Pig. n). 

the 300 -250 mb ehoar ,t M mich Is roughly tho asme so that at Stutt¬ 

gart; at Köln, however. It le opposite. This odds up to tho ueeump- 



tion that the layer above the high level ci-bande had emaller 

amounts of shear over Darmstadt than over Stuttgart. 

Finally, the strong change of wind from 12:00 to 18:00 (Figs. 11, 

12) should be noted; it is mainly caused by the northward migra-' 

tion of the strong jet stream over the alps at 12:00. 

£:Zt. Surface weather conditio^. 

Darmstadt was located at the western side of a High over Hungaria. 

A front separating (low level) continental cold air in the east 

from warm maritime air in the west extended from southwest England 

over France to Italy. From the western Msditerranean there was 

advection of warm air toward northeast, increasing during the day 

*9 the result of a deepening Low which moved eastward over Spain, 

he obeserved ci-bands belong to the northernmost edge of the 

cloud system caused by this advection of warm air (see Fig. 2 and 
the end of chapt. 2.3). 

£■»-3» High level synoptic sltiintinn. 

At 0:00, a trough extended fron the eastern Atlantic Into France- 

a second, very Intensive trough was located over «eetern Russia,' 

there causing a strong northerly high-level flow over eastern 

Oermony. Retween both troughs a High ridge extended with Its axle 

!hf: ^/eBt °f VarmetBái- * strong Jet stream lay over Spain and 
the Mediterranean , a second (weaker) one was over the Uritish Isles 

at the northeastern aide of the trough first mentioned. 

In the course of the subsequent 12 hours the axle of the Jet over 

the western Mediterranean shifted some 500 km northward — as 

measured along the 5° E Meridian (Fig. 6). This shift was caused 

by the warm advection mentioned in chapt. 2.2. (see also the mig¬ 
ration of e. g. the-50 Isotherm in 300 mb, Pigs. 6, 9). As a oon- 

sequenoe of this development, the trough over "ranee was slowly 

e ifted northward, too, thereby extending slightly tower* east, 

The Jet over England migrated perpendicular to the direction of 
its axis, northeastward. 

The position of the trough is well reflected also in the 400 and 

.ithnthe rTH dl°trIbutlona* 'he of cold air connected 
with the trough lies somewhat south of Darmstadt. 

-he axis of the High ridge at 12,00 lay east of Darmstadt, af -- 

laving passed it in the early morning (soe also Table I , oi-ba , 

moved from OK with velocity increasing from about o:"" on). 

nere was only email horizontal wind shear over "ärmst-It, with 
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cyclonic curvature of the hi(-h level contours. 

The cloud cover over northeast Germany consisted mainly out of 

low clouds, while in the south and west of Germany cirrus prevail¬ 
ed (Pig. 2). 

Cirrus altitude and amount estimates were 
at Karlsruhe s 8.3 km , 6/fi ci spiss and oistr, 8i00 - llsOO 

with only 1/8 left at 13»00; no ci after this' 
+ o r*rn 

at Mannheim s 8.3 km, 5/8 ci fib, une, 8:00 - 13:26; 

at Stuttgart : 8.3 km, 3/8 ci, 8j00 through 15:00 

at Köln : 6.1 km, 3/8 - 5/8 ci, 9:30 - 15:30. 

¿*-4«.. Temperature advectlon and vertical velnoltv. 

The ci-bands probably occurred near the 350 mb level; above it, 

the wind (at Stuttgart) was backing; below, veering winds prevailfd 

This means that there was cold advectlon above , warm adveotion 

below ci level (increasing lapse rates !). Therefor,(|f) . was 

computed separately, each for a layer above and below the^irrus 

level, upon the Stuttgart sounding of 12:00 : 

°/l 2 h 250/344 mb :(|L) ady = - 1.48 x 10 

344/462 mb =+ 1.12 X 10"4 0 

"4 0C/sec 

'C/sec 

- 6.4 

adv “ » io ■ -c/sec * 4- 4.8 °/}2 h 

Since the ci-bande were centered within the 500/400 mb layer, the 

mean(fr/adv value was also computed for this layer » 

500/400 mb <(£)adv = - 0,25 x lo'4 Oo/cec . - t.o0/12 h. 

In the area of Barmatadt and upstream, there was rising motion 

of w,2 - * 5.5 cm/sec ( at 500 mb, 000 - ,2,00). as compared to 

wadv s ♦ °»8 cm/sec. 

2.5. Vortlclty. 

Vortlclty adveotion at 12:00, 500 mb (Pigs. 6, 15) was nearly 

indifferent in the area of Garnstadt. 

2.6. Humidity. 

A survey of dew pint differences at all significant levels showed 

that Stuttgart had the least humidity of all »/est German stations 

at 700 mb, while It had the greatest humidity of all these stat¬ 

ions through the layer 250/500 mb. It Is however etill below loo 

saturation, according to Pig. 13. 
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¿t7. Small açala features. 

Individual cloud pointa on the'winga” and on the band axis 

oould be traoed in two aubaequent photographe taken nearly 

toward zenit (Pig. 3). Kight cloud pointa located at or cloae 

to the "wing tipa" fled to each aide frou the band axia with 

a mean of 0.5 m/aec. The nan width of thia band, i.e. the 

diatance of the "wing tipa" at oppooite aidea from each other, 

waa roughly 1.5 kn. 

Stereo evaluetlon of pairs taken at 14:40 yielda the following t 

(Pig. 5): Vortical shear between a layer cloud at 5.3 km and 

a eyatem of banda and atreaka at 5.7 km roughly parallels the 

latter. The ahear vector 5.7-6.2 km. in turn, approximately 

parallele thin atreaka at level 6.2 km. More preoiae measurements 

of motion vectors were not possible in thia caae due to both 

alow cloud motion and convective activity, by which point idea- 
tity is loot quickly. 
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