
EMPIRICAL RBSaLIS OR THE GEOMETRY OF CIRRU3 BARDS A3 

RELATED TO METEOROLOGICAL COHDITIOHS

- Part II Taxt -

B Y

H. E03CHMIEDER

Prefaaaor •■•rltua aa Inatltut 
r fUr Mataorolocia dar
rECHRISCHEM HOCHSCHULS DARMSTADT

J. REOSS

Inatltut f<lr Phyaik dar Ataoaphlira 
dar FLUGWISSBNSCHAFTLICHER 

F0R3CHUHGSAHSTALT E.7. MARCHER (FFM), 
AuBanatalla Damatadt

Taohnloal Raport Ho. 1

Praparad for tha Europaan Offlea of AaroapRQa Raaaaroh of tha 
AIR FORCE CAMBRIDGE RESEARCH LABORATORIES

undar

Contract AF 61(052)-620

R.'produced by
CLf AftlNGHOUSI 

foe Federal Scientific A TecHmcal 
Information Springfield Va 22151

April 1963

koi bM« >rov«d
far pobBo

/D D C .
Uj FEB 47 W m

iikl

4^"



EMPIRICAL RESULTS OR THE GEOMETRY OP CIRRUS BANDS AS 

RELATED TO METEOROLOGICAL CONDITIONS 

. * 

- Part I» Text - 

B Y 

H. KOSCHMIEDER J. REU3S 

Profaaaor •naritua am Inatitut 
für Meteorologie der 

TECHNISCHEN HOCHSCHULE D UMSTADT 

Inetitut fiir Phyaik der Atmoaphfire 
der PLUGWISSENSCHAPTLICHEN 

PORSCHUNGSANSTALT E.V. MÜNCHEN (PPM) 
AuQenatelle Darmetadt * 

Taohnioal Report No. 1 

Prepared tlie Suropean Office of Aerospace Research of the 
AIR FORCE CAMBRIDGE RESEARCH LABORATORIES 

under 
Contract A? 61(052)-620 

April 1963 



Pag« 

Foreword . 

Abstract ...... 

A. Meteorological introduction 

B. 

D 

2) 

3) 

4) 

5) Working hypothesis 

Gensral explanation of the figures 
List of aerologic stations and their numbers 
Case studies 

Case It 

" lit 

" Hit 

" IVt 

" Vt 

- Vit 

" VIIt 

"VHIt 

n IXt 

" Xt 

" Xlt 

" XIIt 

2 March 1957 

23 Sept. 1957 

5 Oct. 1962 

6 Nov. 1962 

7 TTov. 1962 

1 March 1963 

31 Aug. 1956 

2 Sept. 1956 

19 June 1962 

12 Sept. 1962 

25 Sept. 1962 

19 Not. 1962 

y stereo cases 

1 

3 

4 

ortîiîîi?!1 rlati“ of th* «•^»tion of band 

of the d«viation of the 
ÎÎÎ h8af direction from the wind direc¬ tion! Tersus wind velocity ç 

Definitions.... ^ 

knowledge000Unt °n th8 prt8ent 8tat# °* 

8 

9 

10 

12 

17 

18 

21 

23 

25 

27 

30 

31 

33- 

35 
> singie^phetograph^oasesjy 

38 

40 



Of part III figures 

Pigurea oonoerning chapter A 
Orographic maps 

figure* oonoerning 

Case 
* 
n 

n 

» 
H 

N 

H 

N 

N 

It 

n 

It 

III 
III: 

IV: 

V: 

VI: 

VHt 

VIII: 

IX: 

X: 

XI: 

XII i 

2 March 1957 
25 Sept. 1957 

5 Oct. 1962 
6 tfov. 1962 
7 Nov. 1962 
1 March 1965 

51 Aug. 1956 
2 Sept. 1956 

19 June 1962 
12 Sept. 1962 
25 Sept. 1962 
19 Nov. 1962 

Page 

1 

8 

10 

19 
25 
51 
56 

45 
44 
51 
56 
61 
60 

74 



A, .-'! T^t^ -n. ‘I •

Foreword ^

As a technical report, thia aoript reatricte aalnly to 

the eapirical facta with leaa eaphaala on Interpretation.

In wlew of the warlety of cloud foraa and oondltlona under 

which they nay fom, the twelve caaea reported here do not 

pemlt to draw conclualona of general validity beyond 

doubt; they nay contribute, however, to the probability 

of aaaunptlons and to the clarification of the problena 

and waye to aolve theni For an appropriate way of describing 

the reaulte and for practical reaeona the 180 flgurea of 

this report were separated fron the text.

The precision photo theodolltea used for taking the stereo 

photos were designed and built In 1953 by ASKAMIA/Berlln 

on the Initiative of H. K0S3HMIEDKB; they were sole paid 

by the SENATOR Ft)R WIRTSCHAFT UHD KREDIT of Berlin fron 

funds of the Ruropean Recovery Progran (ERP). Since 1954 

the taking of stereo pairs, gathering experience In all 

of the apeclal work of cloud photogrannetry and aubaequent 

research wcrk have been financed by the DEUTSCHE FORSCHUNGS* 

GEMEIHSCHAFT (DPG). Alao the stereoconparator, by which 

the coordlnatee are neaaured la of DFG property. Hr.

•T. REUSS who has worked on DFG funds until then haa been 

employed since January 1, 1962 by the FLUGNISSBISCHAFTLI- 

CHE FORSCHUHGSANSTALT e.V.'flUnchen (PF»I) as leader of the 

cloud photogramaetry group.

An expansion of the research progran on clrrua was In­

troduced by the present contract made by the EUROPEAH
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Abstract 

'wísí> 

Prior to individual caae studies of cirrus, the behaviour 

of wird in the upper troposphere je explored. 

Baseo on routine weather service data, the deviation of 

mean vertical wind shear direction from the wind direction 

turns out to be small only at great wind velocities, whilst 

it may have any value at small velocities (at least at 

moderate latitudes). The mean deviation angle oc thus 

behaves statistically analogue to, and in connection with 

results of cloud photogrammetry explains to a great extent, 

the results obtained by CLAYTON (1896) upon the analysis 

of 1396 observations of the orientation of banded and 

streaky cirrus as compared to their respective direction 

of motion. Prom these and recent results fowid by CONOVER 

(1959), KÜTTRER (1959), J.S. MALKUS and RIEHL (1962) et al 

and PLANK (1959), a working hypothesis is deduced. Por a 

preliminary test of it, six series of stereo photos and 

six sequences of single photos are analysed with respect 

to their respective weather situation. The analysis concen¬ 

trates on the following cirrus features (as far as avail¬ 

able): height, location, orientation, cloud and cell spacing, 

structure as compared to the corresponding wind velocity, 

vertical and horieontal shear, vertical gradients of wind 

shear, iaotach cross sections normal to the 300 mb wind, as 

well as isotherms, contours and isotachs of the 300 mb level, 

end the horieontal distribution of cloud cover. The gradient 

of potential temperature as well as stability and gravity 



*ave criteria will follow in the final report. Anong all 

the aynoptic featur a, the mean direction of the iaotherms 

aeeme to correlate best to the respective direction of banda 

(or more general, elongation)of cirrue at the same lev-1. 

Due to the great number of variables involved in the problem 

and due to the limited accuracy and "grid densityM of the 

available data, the present number of cases under study is 

not yet sufficient to establish relations beyond doubt. This 

can be expected only from additional cases and studies to 

be published in a final report. 

A. Meteorological Introduction 

From the many variables of atmospheric dynamics, in this 

chapter those will be treated which have foremost bearing 

on cloud orientation and structure: direction and magni¬ 

tude of wind, vertical and horizontal wind shear and probably, 

the gradients at least of the former. 

made the following statements (cited from KÜTTNKR, 1959), 

"... 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 80 % of the rapidly moving bands (more than 



100 knote) varied lees than 23° from the direction of 

motion”. He also concluded that cirrua banda have the 

greatest mean velocity when moving longitudinally, and the 

least when extending at right angles to their direction of 

motion.« 

The last remark may be interpreted to mean, that at small 

velocities the bands may orient in any direction with 

respect to their motion direction ^ ^, whereas the preceding 

statement me*ns that the band orientation deviates only by 

small angles at great velocities. 

2) Statistical relation of the deviation of the mean wind 

shear direction from the wind direction, veraua wind velocity 

The deviation of the mean vertical wind shear, between the 

200 — 300 and the 300 — 400 mb levels, from the 300 mb wind 

will be defined by the acute angles <** and «a , respectively, 

according to Fig. 1. The mean deviation or drift angle is 

defined as 

^ ( + ) (1) 

For a first experiment, 174 dates were chosen from the 

weather maps, of which the data of routine aerologic ascents 

were used; the concept and methods and results have been 

described (R£USS, 1963). An improved method used here con¬ 

siders also the amounts of wind shear; it is as follows: 

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

Stuttgart and/or bmden) ia calculated (from graphical 

charts of the kind of Fig. 1) for a number of days which 

^ ) Some waves might also be among what CLAYTON called 
bands. 



i* great enough for etatistio.l evaluation. Pig. 2 deplote 330 

valuee of <x voraus the oorreeponding value of the veloolty u at 

the 300 mb level. The dlaaetera of the full olrolee are propor¬ 

tional to the mean amount 5 - •! (Ie,| * |,2|) cf th, „„„ v,pt. 

ioal wind «hear amounte a, (between the «00 and 300 mb level) 

•nd e2 (between the 300 and 200 mb level; for aoale of ï, eee 

upper right of Pig. 2). a correlation of u veraua ï la ahown in 

Pi«. 3. 

: The value, 
data are relatively inaccurate f1’ the "Ind 
ity (REITER, 1961)? ^I wlnd Lt! 2 h dlreotl"n «"d veloo- 
for th. ayatematlo UM Of ïevfil C?” t0: s£ar8e as allow 
armlnatlon of neighboured vertino?1^?81' ^00 ^ ^or the det- 
for a differ.«?, morl détaimd ^Jirí??r (,h^í »"“W ®How 
K )) (3) if the wind maximum liee with?? d#t*™ination of 
0«„ of Pig. 4 wlll not ba the ™îe íi?í3 1? ^,200 ob- the 
itrarily ohoeen aa 260°. 270° and díí!otíon8 were ar'°- 
reapeotlvely), in.t.ad,'in th. Î?î.4°2: ’00 and 200 mb, 
Will occur neither ët 300 nor at Ainmy,0886* faxin® <*• minima 
If, In addition to equ. (1) on £ 4?0 8h-°rWn ln Fiß8 5. 
angle of deviation of verMea? ï d®iin8 « ae the mean 
maximum wind, andVaa ind ffom the direction of the 
neighboured to the maxisSm Sind it°bSLSÍ v«cíore 
•nd a ^ a7. Thie mean« that? ¡vSn It 8\ldent that «50^ 
reach °r even exceed 450. thie haa to hí*? ^^jaltiee, 5 may 
lag Pig. 2 and the figure 7 to 9? k8pt ln oiad ln Á 

»11. Pi«. 2 .how. the ob.olrt. f»quenoy, Plg. 7 oont.ln, t(M rel_ 

mtiv. frequency, normmli.ed eo thet th. eum of th. (h.tch.d) 

xh. h.‘t rr0“"1 ure# °f 5 int9rTaii 18 th* -• ^ —• 
tohed ere. of ..oh equare ,5 m/..o and ,0® int.rval, ia prop- 

on.! to th. number of point, in that ar... plg e oont.lna th. 

dl.trlbutton of „lativ. fr.qu.noy which would probably »ault if 

th. diffioulti.e d.aorlb.d abov. would not exl.t and if . Buoh 

gnator numb.r of (5 , u)-pol„t. would hav. b..„ evaluat.d. 



Furthermore, wind measurements of all dave w-itMn 
periods of fair waathar and auoh of bad wathlr 

of*faîï'iïâthÎr’’^ thî s“*.I,rlnolPl*- * marked part'd 
SÍ. üíío!Tathír 'in Sur°PÄ) wa® the auamer 1959. 
The reiatlve frequencies of the 95 ( « ,u)-pointa 
of the noon terms of all days from Juli 1 till 
September 30 1959 art depicted in Fig. 8: an evaluation 
correspondingly made for the 85 days if th^bid 1 1 

7957 ÎÏ ESiol.^1?? fr0oB Jlly 8 tl°" Saptambar JO 
between JJPioJeJ Jn J1«» 9 . The main difference 

oc fi^e!1 tôwLd^Qft^8í.9 is.that îhe variation of 

are encountered in Fig. S^thL/in^ig^f^Idditiímaí*" 
Äi10?’ îl îhl> Aind f^oíSar ^rtoia^íU10“1 
for^thîa'dîffaranoa? "<'th*r •ltU,tl0n 11 ««Ponalbl. 

The statistical relations depicted here will as a rule 

represent vertical wind shear which - especially for 

great values of 5. - does not comply with the conditions 

of the KÜTTNER wind profile. It is, however, suspected 

that - though in rare oases only - the KÖTTNER wind profila 

è2u/dz2 m -I.10-5 m^sec"1 may be organised acroea 

the wind (i.e. u would here represent the direction of 

vertical shear only, not the direction of the wind; this 

question will also be discussed in the working hypothesis, 

chapter A,5 , and under case V). The mean behaviour of 

vertical wind shear may also be true for that of horiaontal 

wind shear. This is of importance as far as the horiaontal 

wind shear affects cloud formation and orientation. The 

role of the horiaontal shear gradient will be treated 

at a later date. 
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^ Of cloud gharaotçriatiofl ? 

With the exceptions explained below, Pig. 10 represente the 

general case of the geometrical festeres of a dead (h. K0S0H- 

MIEBER, ,963). It contains the directions of ,) the olouds’ 

motion and of 2) Its elonSatlon (orientation), the difference 

of 1) and 2) is called the drift angle In Pig. ,0. 

Wig. 10 also contains the dlreotlon of 3) streaks and of 4) 

the isophasee of waves. The sells and »wings», however, which 

constitute typical bands as described below, could not be in 

eluded in the drawing. 

It Is conceived for ^drrua^f^lmited^M0?8 t0 b8 aaded ! 
wind shear, temperature gradledect a thickness, within which 

"PdithiB naBOn the denotation »streaks» Soes°'’nJlder?bl3r alter- 
Pallstrelfen" which are too far bdow tnf *Dnt appllr to 

value^eed to vertical shear much dlffeíent^Lect^on^nd^ 

nth this restriction, the following statements can be made • 

a) the streaks cross the (isophases of the) waves always at 

right angles; 

») the streaks and the cloud orientation in most cases coincide 

ae to their direction. 

Depending on wheather the waves in case a) or the streaks in 

ease b) are more marked, the clouds will be called wav. tram, 

or cirrus streaks, respectively. - 

:ru roaiied thoee oirrus °iouds whi°h ean be ^*-*001 
analogy to cumulus streets. In the case of clrrUs. they seem 

streak ^ ^ ^ ^ 8tralßht) ^0. from which 

first b ° ln8te "hlCh dlVer8e t0 b0th 8ld88 tb8 ana (as has irst been measured by COTIOVPr ,959. t ^ 

and 289, in this report, case I ,2 M 285’ 

« . KllTTNER ^ . 
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4) A brief account on the present state of knowledge 

Por the systematic exploration of the relations between cloue, 

bands and the accompanying aerological state, essential con¬ 

tributions in recent years were made by J.H. CONOVER (1959), 

J.KÜTTNER (1959), J.S. MALKUS and H. RIEHL et al (1962), and 

V.G. PLANK (I960). 

KÜTTNER (1959) has found from both empirical data and 

theoretical research that well organized cumulus streets 

occur only when 

1) the wind profile obeys the condition 

á2u/¿z2 * -1 . 10"5m“1sec"1, (2) 

whereby it is apparently presumed that 

2) the direction of wind does not change considerably 

with height. 

Following a proposal made by CLEM (1955), KÜTTNER (1959) and 

CONOVER (1959) have assumed that cirrus bands are analogue to 

cumulus streets as to both behaviour and the aerological state. 

At two cases of cirrus band occurence CONOVER has corroborated 

the value of eqn. (2) as to sign and order of magnitude, while 

in three cases of positive shear gradient no bands occured. 

In the former two cases and in cases I, III, VI and VII, 

described here, cirrus bands approximately parallel the wind. 

However, already PLANK in a first short account on his ex¬ 

tensive research work indicates that the orientation even of 

1 ^ ^2u/ ^ z is the average value of è2\x/ à z2 within the 
wind profile conéidered. 
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cumulus streets In some cases deviates by considerable 

angles from their direction of motion; (the research done 

by J.S.-MLKÜS and H.HIffll, et al (196I) yields about the 

same result for cumulus growing into the middle tropo¬ 

sphere; in case of great deviations of the orientation 

from wind direction, they are called "normal mode" by 

the authors). Por cumulus streets, especially, these results 

seem to be remarkable; because it is likely to assume that 

in the lower quarter of the troposphere the direction of 

shear would with a higher probability parallel the wind than 

in the upper troposphere. 

’rom these and other facts, shown by the results described 

here, bands are assumed to behave according to the 

following 

4) Working hypothesis! 

a) The orientation at least of long bands and stre-v. lB al 

WayS -io the j ao therms at their (r)aQn^?tT 

(RECJSS, 1963). 

b) Cirrus streaks may occur and orient parallel to vertical 

wind shear which does not obey the KÜT7NER wind profile 

(e.g. cases X and XI). 

ground-fixe^coordinat^syetera « 
fined to mean the wind * ü© relative wind is de- 

with the wind adjacent below the°fni?00fdinate e^aiam moving be made: juconv oelow, the following statement can 

It is possible that the KUTTHER profile of the relative wind 

and consequently cirrus bands, orient across the wind. This 

may be the case when, in an area of considerable extent, 

isotherms of considerable horizontal gradient cross the wind, 

of the conuitlon that tie relative wind within 

its profile should both 1) satisfy eqn. (2) 
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and 2) „ot change vary maoh ln direction, this case 

will rarely oconr (a typical example seems to be case 

by far more likely to occur is that of 

K TTI,ER "lnd Profile being approximately parallel 
to the wind. 

a) The probability that cirrus streaks and bands orient 

Parallel to the .i„d is hli!her at great ( ^ ^ 

velocities (Pigs. 2>7i RBJSS ^ ^ 

arü m0re Uk6ly tha" — —3 to parallel the „ma. 



B. AaiiTil •XBlanatlona of th« figufi 

A ihort fontal axplanation of what the flguraa oontain la 

giran at tha raapaotira figuraa of oaaa Ij it appllaa al 

to tha figuraa of oaaae II through XII, alnoa thay ara of 

tha aama oatagory in principia (axoapt for tha photographe). 

Tha following ramarka will ba naoaaaary for battar undar- 

atanding of tha figuraa which partain to tha aataorologioal 

conditional tha figura nuobara rafar to thoaa of oaaa I 

(March 2, 1957)* 

¿1*« Si At tha nunbara which danota tha 300 nb-iaotham 

tamparaturaa, tha ,,■inua', haa baan onittad alnoa 

it la evident that only negative tamparaturaa may 

occur at thia laval. Tha minua haa only baan aat 

in front of the dimanaion -C° at upper right of 

thia figure. 

""he aoala of thia map of Europe, which due to tha 

type of projection la a mean aoala, ia 1 : 50 000 000 

(aaa lower left). Tha tiny dot near tha croaaing of 

50 H and 10 S marka tha pooltion of Darmatadt, where 

tha oloude of tan of oaaaa daacrlbad in hare ware 

photographed (oaaaa I to VI, and IX to XII). The 

poaition of tha dot la a different one only for oaaaa 

VII and VIII, tha olouia of which ware photographed 

at Kniebie/Blaok Poreat (Sohwarawald). 

fhe rectangle, drawn in thick linea, marka tha poait¬ 

ion of tha map ahown in Piga. 11. 
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-1^.6î The contours are denoted in units of 10 meters.15 The 

dash-stippled straight line marks the position of 

the cross sections shown in Pig. 8. Although the 

portions depicted in the cross section are smaller, 

this dash-stippled line has been drawn from one 

edge of the frame to the other, so that eventual 

reconstruction of its position could be easier. 

In the cross section of Pig. 8, the measured winds 

of those stations are depicted, which lie within 

150 km to both sides of the dash-stippled line. 

7: 1)110 t0 80me “ador discrepancies of the wind measure, 

mentd at different stations, the isotachs - especially 

in the region of eastern stations - in some of the 

cases are possibly not very precise. The path of the 

Jet Stream has therefore not in each case been drawn. 

—-S* -8: The Posit*on of the cross sections depicted here is 

dash-stippled in Pig. 6 (see the explanation thereof 

in this chapter). The cross sections are very ex¬ 

aggerated as to height. Since they are constructed 

in a position-height coordinate syster,, the millibar- 

levels do not portray horizontally. The levels depicted 

in each case are those of 850, 700, 500, 300, 200, 150, 

and 100 mb. in the scale of height, 1 cm 4 1.16 km; 

in the scale of horizontal distances, 1 cm 4 580 km. 

_ The number8 le«ers) denote the aerologic station. 

1) 
geopotential meters 



listed on page 17. The straight vertical line 

within the frame of the cross section marks the 

position of Darmstadt, without additional denotat¬ 

ion. In the cross sections which depict dashed 

isotache, the Low is at the left, the High at the 

right side. 

If the euooeesion of hours is "2.00, 14.00, 2.( 0", 

the first two hours are those of the same day, while 

the third is of the following day. 

**** The oloud ooy*r ie denoted in unite of 1/8 {8 & loo *). 

Since the total cloud cover is beding reported, oloud 

types (as e.g. cirrus, altocumulus) could only be 

distinguished if merely one of these occurred (for 

further explanation see upper right). 

la th. ¿«notation of th. tl»., ,2h le ld,nMoal 

to 12.00 Z. Th. nmtb.ro at tha uppar brink whloh In- 

or.aae fron right to l.ft hav. th. dln.n.ion klt’, of 

altitude. 

At th. lonar Drink, ooalea of the t.mp.ratur. t, the 

potential température -3 and the velocity v of the 

wind profile «.re drawn. The continuou, (ateady) linea 

running fron the lower right to th. upper l.ft ar. 

the altitude-preaaur. line., the oontank.rou. lineo 

running fro. th. lower right to th. upper l.ft r.pr.a.nt 

the preaeure-temperature linee. The thick Unes deplot 

the wind profile., the nunb.r. at th.lr narked point. 

<} 
geopotential kilometers 
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í«iot# thi wind dlrwetlon In unit* of lo° (tngU 

dogroooi o.g. 27 noono "wind fron W"). 

Tho .0.1. Of proaouro l. d.not.d on tho ontor right. 

Th. rol.tlv. humidity 1. doplotod at tho ontor loft. 

11 ■' fl*ur« of thl. kind .or. oono.lwod to Mo. th. 

iiéld of vortloal ahoar waotor dlraotlona. fha 

original drawing, aa a rulo, ahowad tha 400, 300, 

250, and 200 mb-wlnd rootora. m tho ordar of auoo- 

a.olon of -hoao larala, tho ahoar waotor dlraotlona 

».r. drawn In thlok da.hod Un.., fro. ona l.r.l t. 

th. uppor n.rt In th. auoo.a.ion juat mantlonad. 

Th. Wind waotor., axoopt for tho 300 mb-wlnd, wora 

lat.r omlttad In tho figuroa raproduoad hara. 

A. far aa thoa. plottlnga of moan ahaar waotor dir¬ 

ection. .bay th. rul. of 400, 300, 250, 200 ab-ord.r 

of .uoooaalon (aa. upper right), tha millibar, war. 

not written n«t to th. point., only m tha .... .f 

axo.ptlona, tha nimbara wora »ritt« naxt to tha 

point, markod by arrow., whi.h danota tha thttr 

▼totor dir«otlons. 

Th. lndlwldu.1 «t.orologlo.l oont.nt. of th. fi^. 

oono.lwod a. to r.,m™ . alni.u. of oonnt in tha toxt. 4 

fa. of tholr detalla, aa o.g. th. potential temperatura, in 

Md.10, war. not y.t .»tlraly .waluatad. »... .„d th. wind 

profil., will b. .waluatad a. to atablUty and «rawlt, ..,. 



im'irïSB 

-16- 

orltorla, when more ooopareble data of oloud programmetry 

and of the aoooopanying meteorologioal oonditlona will be 

available. 
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Llgt of aerolo^ic 5tatlona„^ thelr_fmmberg 
concerning the wind cross sections : 

01 415 Sola 
01 492 Oslo 
02 084 Göteborg 
03 005 Lerwick 
03 026 Stornoway 
03 160 Edinburgh 
03 772 London 
06 180 Kopenhagen 
06 260 de Blit 
06 610 Payerne 
06 705 Genf 
07 110 Brest 
07 151 Paris 
07 180 Nancy 
07 280 Dijon 
07 335 Poitiers 
07 510 Bordeaux 
07 760 Ajaccio 
10 035 Schleswig sw 
10 203 Enden E‘ 
10 338 Hannover Ha 
10 382 Berlin b 
10 633 Wiesbaden Wi 
10 639 Darmstadt Da 
10 737 Stuttgart St 
10 803 Freiburg 
10 866 München-Rien MU 
11 036 Wien 
12 375 Warsaw 
12 425 Breslau 
12 840 Budapest 
13 274 Belgrade 
13 334 Split 
16 080 Mi lan 
16 235 Rome 
16 560 Cagliari 
16 596 Malta 

Bi Bitburg 
Bru BrUseel 
Erl Erlangen 
GY Great Yarmouth 
Jut Jütland 
Kö Köln 
Mar Marseille 



I. 2 March 1957 

Histogrammetry: Stereo photographe were taken in Griesheim 

(some 5 km west of Darmstadt) along a base 1.79 km in length. 

Cirrus clouds moved across the previously cloudless sky of 

the test area, approaching from the North at 11:30. Prom 

11:43 on, photographs were taken first by the northern camera 

at 11:43, 11:48, 11:50 and 11:55. Pig. 1 shows the photograph 

taken at 11:55, Fig.2 its situation map, both affixed with 

cloud point marks for identification. The depicted band in 

the foreground had later been stereo photographed (see 

below). 

The mean distance of the cells shown in the map from one 

another appears less.in the front than in the rear portion 

of the band. This is at least partly due to a foreshortening 

effect, to better recognizability and larger scale of the 

cloud parts in the foreground than in the rear were only the 

biggest and brightest cells are readily visible. 

^16 orientation 0f the band is about 10°-190° in the fore¬ 

ground (down to point (g) ), and after point (2) changes to 

■g£P..ut SfziM0• The motion Vector is constant at 184°. 34 m/sec: 

the average altitude of the cloud parts is 10.1 km.An evaluation 

of the sequence of single photos shows that the tips of the 

"Sings" drift laterally away from the band axis at approximately 

iiÇLm^sec} the same result has been found in evaluating the 

stereo photographs. A change in the altitude of the'-wing tips" 

could not be clearly established. 



Stereo photographs were taKen along an axis lirccted 

toward zenith at one-minute intervals beginning at 12:06 

and proceeding until 12:28. Fig. 3 depicts the phfltograph 

taken at 12:27. The topography map and cross sections thereof 

are shown in Fig. 4- Whereas the photograph depicts the 

cirrus clouds "as viewed from below", the situation map 

is the horizontal projection as seen from above. This means 

that the sides are reversed image-like. See the marked points 

A, B, C, D and n (which apply only to Fits. 3 and 4!) for 

identification. The positions of the two cross sections have 

been dash-stippled in the map; the points which constitute 

the cross sections were projected at right angles to them; 

the results are the vertical sections in Fig. 4, left (scale 

of height = scale of situation map; the reference level 

- dashed line- is 10 km above sea level). The "wing tips" 

of this band are only some 0.25 km*above the axis of the 

band; hence, the cross sections are relatively flat by com¬ 

parison with Fig. 1, III. 

Meteorological state of the upper troposphere: this cirrus 

band lies within the zone of entrance of the Jet Stream and 

is located at its right side (Figs. 7,8). The band is approxi¬ 

mately parallel to the core of the Jet Stream as are the lines 

of equal cloud cover, which is almost entirely cirrus (Fig.9). 

The Jet Stream obeys the rule that in the zone of entrance it 

crosses the contours toward lower altitudes (Figs. 4, 6, 7, 11 ). 

Since, in the present case, the wind flows approximately parallel 

to the isotherms, it is less striking than in other cases 



where the latter are parallel to the cirrus bands (Figs. 

4-,5). This will be important, however, in cases IV, V, 

VIII and XI, where the isotherms cross the contours at 

about the same angles as do the bands. 

The KÜTTIER shear gradient at 14:00 hours at Wiesbaden 

is K « -0.4x10 ^ m 1 sec”1; its absolute value may have 

been a little higher between 11:30 and 12:30, when the 

banda described herein were photographed. 

The surface isobars (Fig. 12) show a reversed wind direction 
MiiiF surface of the test area (compare Pi,'. io below') For 
the surface istotherms, s#e Fig. 13). b ’ Delow^hor 



II• 23 September 1957 

Photogrammetry: Stereo pairs were taken in Darmstadt at 

different time intervals from 10*00 till 16*00 from a base 

0,93 km in length with the taking axes alternately directed 

toward NNW, zenit and SSE. 

This sequence has only for a small part been evaluated, since 

the base length has proved to be too short for detailed measure¬ 

ments, while also the high cirrus were interrupted by lower 

clouds of the alto and cumulus kinds. 

At 10*00, a chaotic sky prevailed* Cu med et con with conden¬ 

sation levels at about 1.0 km of altitude; an altocumulus layer 

at an altitude of about 3.2 km, with a sharp edge directed WI¬ 

ESE, which is approximately equal to its direction of motion; 

in the rear, bands of cirrus were indicated. 

At about 11*30, the sky was the clearest of this day (as is 

corroborated by Pigs. 6); hence, the fast moving cirrus depicted 

in Pig. 1 could be traced by a few identical pointe; most of 

the results of this evaluation can be taken from the lower part 

of Pig. 1. However, the altitude of the transverse cirrus streaks, 

one point of which is denoted by B, could not be determined with 

satisfying accuracy; the altitude is probably between 11*5 and 

12.2 km as determined by different methods. 

Chaotic and more dense cirrus and lower clouds turned up soon 

after, prevailing until about 15*00; at about 16*00 no cirrus 

but only cumulus clouds occuaed. 

Meteorological* state of the troposphere ; The chaotic sky 
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18 Balnly caused by the dynamic inetebility In connection with 

a ralatlvsly great humidity in the lower half of the tropoaphere 

(Figs. 7,8). The dynamic inatability, in turn, la oaueed by the 

Jet stream core overhead which, at the time the pioturee were 

taken, had a velocity of about 66 m/eeo. At times which differ 

from this by only half an hour, only about 55 m/eac were meaeured 

by radloeondee at atatione does to Darmstadt (Pigs. 4,5,7,8). 

Although there la a difference between rawin and photogrammetrio 

maa.urem.nta aven a. to tha direction of motion (Plga. ,,q), the 

deviation of the motion vector of oirrua B from that of A ("ig. 1, 

upper rigt of plan) corresponds to the deviation of the Bltbarg 

winds (Pige. 7,9) at 250 and 300 mb, from aaoh other. 

Prom th. experianoe hlth.rto gained it i, greatly probable that 

the long streaks (one point of which ie denoted by B, Pig. 1) are 

part, of a broad band which ia oriented aero., th. streaks approx¬ 

imately at a right angle, thus being approximately parallel to the 

motion ventor. A decision about this question ie hardly possible 

yet aino. the 200 mb i.otherma a. drawn from th. .mall number of 

stations with wind measurements at that level would not be relia- 

bl«. 

The generally dens, cloud cover (Pig. 6) does not show remarkable 

features except for a alight orientation of th. minimum cloud 

cover in th. general flow direction. The general wind direction 

la ole,* to th. direction of th. contour, and i.otherm. at 300 mb 

(Figle 2,3) 

Th. orientation of th. etreaka in the background of th. photograph 

(Pig. 1, lower right), which may be Palletreifen (fall etreaka), 

d.vi.ta. from th. wind vector at 300 mb V , some ,0°. 



HI. 5 October 1962 

Photocrammetry: Sterecphotographs were taken in Darmstadt 

along a base 1.73 km in length. 

The cirrus cloud formation described in the following was 

first sighted at about 9:00 hours; the sequence was taken 

by both cameras at one minute intervals, from 9:25 until 

9:45 . Pig. 1 depicts the band at 9:27. The evaluation of 

the stereo photographs completed to date covers only the 

first seven stereo pairs (those from 9:25 until 9:31) ^nd 

yields both the topography and two sections across the axis 

of the cloud (Pig. 2), the latter of which bhows that the 

"wings" (i.e. the streaks pointing laterally away from the 

axis ) have a considerable upward slope on both sides of 

the axis. Moreover, the "wing tips" tend to drift away from 

the axis at about 1.0 m/sec. The mean motion vector—290°. 

1g,5 m/sec almost coincides with the ba¿ids orientation which 

is 102 0 - 282 °. 

beside;; the band, Fig. 2 contains the position and altitude 

of some points of the nëghbouring alto unulus layer. It 

should be noted that the level of this layer lies between 

the levels of the axis and the "wing tips". 

Further evaluation of this sequence is being undertaken and 

will be reported in the final report. The possibility of 

this band originating in the way described by LUDLAIA and 

SCORbR (1957; see Fig. 79» page 71) cannot be excluded. 
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âg.ti99rglgÃXcaX Qtaje Qf the ubper tropoaohere ; There are 

only minor differencee In the 300 mb temperature distribution 

at 12:00 (Pig. 3). The isotherms seem to parallel the band. 

The band lies to the right of the core of the - rather local - 

Jet Stream (Pigs. 4, 5, 6), and approximately parallel to the 

lines of equal cloud cover (Pig. 7). 

Th. proximity of the altocumulus leyer to the band seems to 

indicate that the latter ie not exposed to great vertical 

shear. It therefor appears questionable nheather the KÖTTNER 

wind profile could have caused this band, especially since its 

value see only -0.2.10-5 m-’eec-’ at 12,00 in Stuttgart (Pig.P). 

It hence appears to be probable that the band originated in 

the way described by LUhLAM and SCORER (1Q57). 
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IV. 6 November 1962 

Photogrammetry: Stereo photographs were taken in Darmstadt 

along a base 1.73 km in length. The cirrus olouds described 

here were photographed at 1-minute interrals from 14:14- 

until 114:24. They had a triple-deckered formation in which 

each of the three layers were separate from the next by 

about 1.0 kz. each: cirrus streak I (points A,B ) is at 

an altitude of about 7.0 km, cirrus streaksII (points C.O.E.F ) 

at about 8.0 km and the cirrocumulus (point 0) at about 9.0 km 

above the sea level. Their motion vectors and the mean shear 

vectors between them can be seen in Pig. 1. The streaks I and 

II are approximately parallel to the shear vector ÏTÎi the 

cirrocumulus layer, on the other hand, does not seem to be 

exposed to considerable shear. The mean shear vector II III 

here is apparently not a satisfactory approximation of the 

real path of the vertloal shear vector. 

Meteorological state of the upper troposphere: although 

cirrus streaks I and II are perhaps a transition state between 

what might be classified as cirrus streaks and what might still 

be called random masses, their orientation are still 

approximately parallel to the 300 mb-iaotherms- which are 

not very marked (Pig. 2). The 300 mb synoptic conditions here 

roughly compare with those of cases V, VIII and IX. In these 

cases, the location of the clouds are not far from a 300 mb 

high ridge; their orientation as well as the mean orientation 

of the 300 mb-isotherms cross the respective winds and con¬ 

tours at about the same angles (Pigs. 1, 2, 3; the neighbor¬ 

hood of a high ridge in such cases has been stated earlier 

by R£USS, 1963). These cirrus clouds in this case occur to 
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the left of the P50 mb-wind maximum; at the cirruo level 

itself, however, there is no marked .nd maximum (Fig. 5). 

The lines of equal cloud cover, especially those at 15*00, 

also cross the mean wind (Fig. 6). The wind profile at 12*00 

bears no remarkable features (Fig. 7). The shear vectors at 

12:00 apparently do not yet cross the wind (Fig. 8) at angles 

great enough to account for the orientation of the streaks: The 

former io not seem to be representative for the conditions 

at 14*00 hours over Darmstadt. 
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V• 7 November 1962 

Photogrammetry: a few single photographs were taken between 

8:22 and 8:30 in Ober-Ramstadt (Pigs. 1, 2, 3); stereo 

pairs were taken in Darmstadt at 1 minute intervals from 

10:57 till 11:15 from a base 1.73 km in length with the 

taking axis tilted by 45° toward £. 

The orientation of the bands photographed at about 8:30 

waa approximately 150° - 330°; it croases the motion vector 

atjSO? Both the stereo measurement of the bands taken at 

about 11:00 and the wind vector at 12:00 in Stuttgart (from 

whioh the altitude of the bands may to a certain extent be 

determined independently) were taken as a basis for calcu¬ 

lating the altitude of these bands. The results in both 

cases is about 8.0 km above sea level = 7.8 km above the 

ground; their motion vector is 2tO 0 , 28 m/sec. Pig. 2 

shows those bands which have been rectified in Pig. 4; Pig. 3 

depicts a sequence of two photographs. At about 10:a 

great field of not very bright bands was sighted. The left 

stereo picture taken at 10:58 is identical to Pig. 6. 

In the meantime, at 11:05, the panorama was taken (Pig. 5). 

Tue evaluation of these stereo pairs proved to be extreme¬ 
ly difficult 
(1) due to the great distance of the bands and 
(2) because they lie almost parallel to the x'-axis 
in the pictures. As described by REUSS (1963), this 
causes great relative mean errors in the horiaontal 
parallax p ,. Additional measurements using different 
methods wete necessary in order to attain the required 
accuracy. n 

The mean altitude of the system Ox points A. B. C. D, p and F 

was found to be 8.1 - 0.3 km above sea level; its motion 

vector 230°. 23 m/sec: That of the points G, H, I, L, M and N 



is some 9.6 ~ 0.4 km above sea level, moving 220°,25 - 3 m/se 

their orientations can be read from the situation maps. In 

calculating the height of clouds, the effects of the earth' 

curvature and of refraction have been taken into «count. 

Finally, the tiny cloud Z, which vanished only a few minutes 

after its birth, is at 9.0 - 0.1 km, moving 225°, 28 m/sec. 

It is interesting to note that despite their relatively great 

motion velocity the bands cross their direction of motion at 

an angle of about 65°. 

Meteorological state of the upper troposphere; Among the 

isopleths of the 300 mb-level the isotherms are the most 

striking (Fig. 7). This is one of the rare cases in which 

the isotherms along a length of some 1000 km cross the 

contours at almost right angles (Fig. 8). It is evident from 

figures 6 and 7 that the bands are nearly parallel to the 

mean direction of the isotherms at the same level and in the 

same region. The isotachs in Fig. 10, at least those 

measured at Darmstadt, agree well with those in Fig. 9; 

they compare less satisfactorily to the motion velocity of 

theee cirrus clouds at about 11:00 (Fig. 6). The cloud cover 

at 12:00 is a minimum in the vicinity of Darmstadt. This 

minimum coincides with the temperature minimum (Fig. 7)i 

whereas at greater temperature gradients (north and south 

of Darmstadt) the cloud cover has much greater value. The 

serologic ascent of Stuttgart shows that above 250 mb 

the stability sharply increases. The bands may have been 
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caused by a K'^TTNKR wind profile which lies transverse 

to the wind but parallel to the isotherms (or bands). 

The shear gradient, therefore, should not be measured 

at the profile in Pig. 12, which is approximately parallel 

to the mean wind; but rather from a profile which has been 

drawn parallel to the isotherms - approximately iîSE-WNW ^ 

in this case. The construction of this profile has been 

baaed on the mean winds of 400, 300, 250 and 200 mbs, 

respectively. (These mean winds are the average of the 

winds at Cologne (KÖ), Stuttgart (St) and Hannover (Ha) 

at 12*00 - see ng. 12; they were plotted at the right 

of Pig. 13, northeast of Darmstadt,(Da)). Of this 

profile, a mean fC*’?TNHR value K « -0,7 . 10”5 nT1 sec”1 

results; near 300 mb it is approximately 



VI. 1 March 1Q6? 

Stereo paire were taken in Darmstadt at different time 

intervals from 10:42 until 13:49 from a base 1,73 km 

in length. Pig. 1 depicts the position of the band which is 

some 10 km behind its front position. 

The evaluation and discussion of this very typical band 

which was some 300 km long, was originally planned for 

the final report. Owing to its similarity with the bands 

of case I, as to shape, upper troposphere conditions and 

the date of occurence, however, a short account of it is 

included in this report. The mean altitude of this band is 

about 9,2 km above the sea level; the differences in height 

within the cloud do not exceed 0,3 km; both of these valu-s 

compare with the values in case I. Similar bands were 

observed south of the photographed band. They were recorded 

on some single photographs. Their exact position has not 

yet been determined. The motion vector of the band is 

80°, 17 m/sec;its orientation is 70° - ?sn0. The wind 

profiles at Cologne (KÖ, Fig.2) and Stuttgart (Fig.3) 

seem to indicate that the KÜTTNER shear gradient near 300 mb 

has a positive value. 
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VII. 31 August 1956 

Photogrammetry: the three panoramas in Pig. 1 were taken 

in Kniebis/Black Forest (Kn); in the diary of H. KOSCHMIE- 

der they are entitled: "cirrus-row photographed in Kniebis, 

Reservoir". The evaluation of the photographs was difficult 

since the data of the outer orientation could only be 

partially or inaccurately obtained. This cirrus band seems 

especially interesting since the constituent parts of the 

characteristic "wing-like" formation are clearly visible 

(see point A in Pig. 1). Determination of the motion vectors 

of points at the ends of the "wings" and of points along 

the axis of the band (orceitceattrs) shows that 1) the direction of 

motion of the band practically coincides with its longltudin«! 

orientation and that the tips of the "wings" diverge from the 

axis (or cells) with a speed of approximately 2 m/sec,- basically 

in agreement with the results of CONOVER (1959) and with cases 

I and III. The position of the cirrus band is represented 

schematically by its axis in the situation plan of Pig. 1 

(points A and B). Since the motion velocity calculated does 

not differ greatly from the wind velocity at 300 mb at 14:00 h; 

this latter, as an average of the aerological values obtained 

from ascents at Bitburg, Wiesbaden and It uni ch, was entered into 

the situation plan. 

Meteorological atete of the upper trocospherei In this case the 

direction of the Isotherme coincides with the wind direction 

and orientation of the band (Fig. 1, 2a,b - only the data from 

the night ascent were available). The mean value of the wind 

profile at Bitburg (Fig. g) and Wiesbaden (Fig. T) approximates 
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the KÜTTF^R value K,of the shear gradient. The photographically 
recorded cirrus band is approximately centrally located 

between two marked wind maxima. These two ]et Streams 

are separated from one another by about 700 km - measured 

perpendicular to the wind direction (Pig. 5). 

At about the time the photograph was taken in Kniebis (Kn) 

(the hours given in Pig. 1 are CET); a •'street” of minimum 

cloud cover was passing overhead, lying approximately 

parallel to the wind direction. (Compare Pig. 6 with 

Pig. 10 and the situation plan of Pig. 1). 



VIII 2 September 1Q56 

Photogramme try; The three panoramas in Pig. 1 were taken 

in Kniebis/Black Forest (Kn)¡ in the diary of H.KOSCHMIEDhfi, 

they are entitled "Movement of the band perpendicularly 

to its longitudinal orientation: rapid movement from the 

south". Evaluation of the photographs was difficult since 

the data of the outer crientation could only be partially 

c1 inaccurately obtained. This cirrus appears especially 

noteworthy in that it shows the characteristic form of a 

land a. though its direction of motion ie almost perpendicular 

to its longitudinal orientation (Fig. 1, situation plan). Owing 

to the difficulties alluded to above it was not possible to 

determine whether the slightly formed "wings" of the band 

(Pig. 1) diverge towards the sidee. The poeitlon of the cirrua 

bands is represented schematically by its axis in the situation 

plan of Fig. 1 (pointa k and B). Since the motion velocity which 

vas calculated differed only elightl. from the wind velocity 

at 300 mb at 14:00 h, the motion velocity drawn into the situ¬ 

ation plan was set equal to the aerologies!!, measured wind 

velocities. 

Meteorological state of the upper tropeph.-.. the cirrus band 

lies in an area of relatively small horlsontal temperature 

gradients (Fig. 2). The path of the Isotherms does not permit 

any clear comparieon with the orientation of the cirrua. It ie 

located in that region of the Jet Stream in which the wind velocity 

in the direction of the wind decreases, so that the wind croases 

the contours toward higher pressures (Fig. 4, 5, 7, 8). Hence, near 
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the location where the photograph was made, the wind velocity 

steadily increased (Pig. 6); while at the same time, the 

300 mb Low north of Spain moved northward at about 7 m/sec. 

Following the general frequency distribution, the cirrus 

occurs to the right of the Jet Stream (Pig. 6)> with increas¬ 

ing wind velocity the lines of equal cloud cover orient par¬ 

allel to the wind. That the cirrus band does not orient in 

the direction of the wind, may be caused by its location in 

the region of a High ridge (Pig. 4; comp. REUSS 1963). 
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IX. 19 June 1Q6P 

Photogranuaetry: The recording of this cirrus began 

with a panorama at 6:56 (Pig. i) and wa8 followed 

by a sequence of five photographs taken at 4-minute 

intervala. The cloud movee along a path of 250° 

at about—6_- 7 i/sec at a height of about 7 - 8 km 

(Estimate of the weather station "Bismarckturm»: 

7.2 km above the ground = 7.5 km above sea level). 

The longest of the wave trains is oriented in a 

north - south direction and hence, parallel tn th» 

£ldge (that is, the west slope) of the "Odenwald" 

*2TS8t (Fig. 1, pointe A and B, and 8;. 

support to the supposition that this »ave train, 

as well as the others, »era caused by the "Odenwald" 

forest. The assn »ave length, measured in the » - e 

direction la about ï km. The length of the smaller 

•hsar waves, In the north - south direction, is about 

0,45 km. 

Meteorological atete of th. upper trono.oh.,.. In 

this case, the isotherms at ISiOO aho. no definite 

general trend. (Fig 2), thus, a compari.on »ith the 

longitudinal orientation of the relatively short band 

is not Strictly permissible, m vie« of the above 

hypothesis (Odenwald), euch a comparison is superfluous, 

fhe shear wavee arc oriented approximately in a 

-- - ea,t dl»ot1on. This can most likely be explained 

hi the apparently locally limited orientation of the 



vertical shear vector, which in Stuttgart at 6:00 

lay between 400 and 300 mb with a value of 3f3 ■ 10“^sec 

in a north - south direction (Pig 8, left). 

The wave trains are again situated to the right of the 

wind maximum (Pig 5). Their appearance starts an 

increase in the cloud cover (Pig.6). The steady 

Increase of the wind velocity with altitude as a 

prerequisite for the formation of lee waves (according 

to the theory presented by SCOHER, 1949) is not 

clearly illustrated by the wind profiles (Pig. 7). 

Apparently, these are mot representative, for the 

time and place in question, with suffiaent accuracy. 



-37- 

1‘ 12- aêntmmhmv i^p 

BtBUMrMMlim larg. str,.K8 of high altoouaulu. ..r. oh,.ryei 

fro. 7,30 on. Photography hagan at 8,,6. Th. no.t .trying i. 

that both th. front ani th. r.ar of th. 5lreiks (Pig. 2, upp,r 

l.ft Md right) .r. ,u..i .t.tionary, .h.r.a. individual oloud 

point, nor. .long th. tOvak dir.otion .ith oon.id.rabl. .P..d 

(»lg. D. Th. domination of th. oloud.' altitud. by . pro. 
oadur. d.aorlb.d by mss (,962) yi.id. 7,8m abov. ... i.V0l 

th. ..tiaat. nad. by th. oba.rvatory Blamaroktum i. 7,5 m 

abov. ground . 7.8 m abov. ,.1., th. notion v.otor r..ult. 

•• jgO.. ?7 n/..o. ih. langth of th. ia ^ 

H«ttgralcp,gai ititu nf th. nnr.r trono.h.>fll th0 B0,t 

ra-.rk.bl. f.atur. of th. n.t.orologio.1 atat. 1. ta. .t.ady 

inora... 0f wind vlooity „ith h.ight „Ithout oh^. in „ind 

dlraotion in th. upp.r tropo.ph.r. (Pig. 8). it i. „«.nt 

-ithout oaloulation that thi. „i„d profil. ...t. th. 00ndlt. 

l0n th,t th* daoraa... ,ltb .„„..a. 

Thi. oloud, th.r.for., la a long „av. oloud, aino. th.r. 1. 

no (or only ...11) ohang. in „ind dir.otion, th. „i»d .h..r 

of th. a... (,lg. 9)> ,0 th,t th# strMte too ar> 

•pproxlaat.ly ori.nfd in that dlmotlon (Pig. 2). ,ln.lly 

O' thl# 41r,0tl0n 1‘ th. «.an path, of th. l.o- 
th.r-a (Pig. ,). xh. i(reik, ooour ,t th0 rlght <iat ind 

»PPro*iB«t»ly th« Baa« l.y#l Of th. t.* «a. 
of th. J.t Straan (Pig. 6), but 

a««r th« son« of «xit (Pi*. 5). 5¾. 
8 ; fh. oloud oov.r irmgularly 

inoraaa.. from mouth (o) to north (8) of Pig. 7. 

F°r a S>n0pt,c “-por,son to the sorfcce ,Sob„rs, SM Fig ,0 _ 
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XI. 25 September 1962 

Photogrsmmetry: These cirrus clouds were first sighted 

at 10:3C, and thereafter, a sequence of photographs 

was taken at 1-minute intervals between 10s42 and 11i09 

(Fig. 2 shows only every fifth picture). In the meantime, 

a panorama of the eastern and of the western celestial 

hemispheres were made. Both are shown along with the 

situation map in Fig. 1. 

Apparently, the cirrus bands photographed are at different 

levels. This is indicated, on the one hand, by the slight 

differences existing between the direction of motion and orien¬ 

tation (Fig. 2, situation map), and from a comparison of 

the height as cnlculated from the wind vector and esti¬ 

mated by the weather station "Bismarckturm" on the other. 

The altitude of the cirrus probably lies between 6.5 and 

8.3 km above sea level. The inability to determine the 

value more accurately is not a great drawback, since those 

directions which are to be compared with the longitudinal 

orientation, i.e. the direction of the vertical wind shear 

(Fig. 9, Stuttgart) and,at any rate, the mean path of the 

isotherms, vary only slightly at these altitudes (see 

below). The velocity of motion of the cirrus clouds, in 

the direction of motion, as shown in the situation map, 

aproximately 7 m/sec. In the cirrus streaks of the sequence 

in Fig. 1, a growth (as at point E ) as well as a drying 

(as at point D ) can be observed. 
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Meteorological état» of the upper troposphere: The 

photographed clouds lis in the region of a southwest 

wind of a 300 mb High ridge (Pig. 4). A comparison 

with the situation map of Pig. 2 shows the movement to 

be in the direction along the contours. Their orienta¬ 

tion, however, is approximately parallel to the 40°- 

isotherm. this case, the High ridge causes nearly a 

180° change in the direction of the air flow (Pig. 4,6). 

The cloud cover still lies to the tight of the flow direction 

of the let Stteam (Pig. 6,7,2). In the region of the High 

ridge, surrounded by the air stream, the air is essentially 

calm throughout the troposphere (Pig. 8). The vertical 

wind shear, however, between 500 and 300 mb has a mean 

value of 2.5 • 10 ^ sec”1 (Pig. 9, Stuttgart), which is 

rather high. Since its mean direction runs parallel to 

the longitudinal orientation of the cirrus streaks, it is 

surely the direct cause of their formation. (In view of 

the above working hypothesis, the KÜTTIER wind profile 

is not necessary to explain the origin of cirrus streeka). 

For a synoptic comparison to the surface isobarS/ see F,g. 10. 



XII. 19 November 1962 

Photogrammetry: Photographic sequences of these cirrus 

were taken at 2-minute intervals from 13i15 until 14:57. 

These cirrus may neither be called bands nor streaks. 

They are rather composed of layers (at about the same level), 

the edges of which lie approximately parallel to the motion 

ySctor (Fig* 1 shows only a small portion). The observatory 

Bisaarckturm estimated their altitude at approximately 7.0 km 

above the ground = 7.3 km above sea level. From these values 

and the values which rectification yields, their velocity of 

motion must be 20 m/sec, which is in agreement with the wind 

measurements at 12:00 (Fig. 5, middle, and Fig. 7). 

» 

Meteorological state of the upper troposphere: the edges 

of the cirrus layer are approximately parallel to the 55°- 

isotherm (just north of Darmstadt). These cirrus are located 

to the left of the core of the jet stream. Between the cirrus 

and the jet core there is a zone of high horizontal shear. 

(Fig. 4, 5, 8). These cirrus occured in a zone of minimum 

cloud cover, (Fig. 6). 
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