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Studies have been concentrated cn aystema of bPigh clovd, with the ainm
of eventually concluding how from their dispoasition and internal detail
alone information mey be obtained ebout the air flow in the high troposphere,

Detailed analysis of some selectod occasions has prompted the wodel
of the high cloud system associated with a typical high-tropoephere trough=
ridge pattern which is shown in Fig.7. Aa interesting feature of this diagram
is that the high cloud system has sn*ip-wind edge at which ¢loud is formed,
in almost the seme position, nazar the surface cold front, where the multi~
layer sysiam of redium=- and low=-level clouds also has & forming-edge. At
high levels the eir passes through ths high cloud system, arriving et the
down-wind edge after an interval of 18-24 hours, so that this edge of the
system ig a decay~edge whera the cloud evaporates. .= is well known, this
edge? i& well in advance of the leading edge ¢f the system of medium- and
low~level cloude; an asymmetry which probasbly is pruduced by a emaller fractional

.

fall-out of condensad water at high levels.

The cccurrence end distribution of high cloud.

In general the distribution of the high cloud seems to be indicated
satisfactorily by the pattarn of vorticity advectiom along She sireamlines,
as suggented by Riehl and others (1). French and Johaneseen (2) and James (3)
found that extensive cirrus layers were almost always asscciated with the
advection of cyclonic vorticity at the 300 mb level. In the eysteme which
wmve been examinad in the present stuly it seemed that even simply the change
3¥ curvature along “he sireamlines could be related to the ccourrence of
adgh cloud, which tsnded io form near the position where the curvature chenged
frem cyclonic to anticyclonic and vice versa. These associations have a
simpls interpretation in terms oY the sign of the horizontal divergence, and
hence the sign of the probable vertical motion, at the 300 mb level. They
may break down en occasions waen the level of non-divergence is near the
300 mb level, se perhaps in the early stages of the genesis of high cloud
ayetems and in Jow latitudes, rather than considersbly below the 300 mb level,
as is usual in the well-developed mulli-leyer cloud systems of extra-tropical
regions, end aleo when the wpper winds do not flow quickly through the upper
flow patterns. Nevertheless the jnvestigation of the association of the
retterns of cirrus systems and of the vorticity in the high-troposphere wind
is regarded as the most promising of practical rewerd and ie now being conducted
on a quantitative basis.

In the model showm in Fig.? tho upper troughs and cyclenes ave regions
of no high cloud; and the cirrus systems are found in the upper »idge,
aeparating a SW'ly jet-stresn at the rear from a NW'ly jet stresm in advance

of the aystem. The leading edge of the ¢irms system extends from the lef:

eptrance of the NW'ly jet-stream ap.roximaiely through the jet maximum and
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and aleng most of ita length llies at an angle of some 20-40% to the
direction of the wind 7low The foriard and rear edges of the cirrus syctem
are more nearly parallsl %o the je: xes, aslice thess have orientations
approaching thege of the warm and so'.d fronts, sidling across the coniows
from low to high preasure in advsnce of the ~loud aystem and from high %o
low pressure in 1t4u.r~

Forms of warm front cirrus aad relat-d wind struciuce.

Freguently the leading clouds of the advancing cirrus system, seen
as the decay-edge approachas, are [fo'mless and tenuous strechs vhich gracually
fuse and thicken inte a difiuse cieristratus or al toatratus. About equally
often the cirrus uncinus are anong tie elouds first seen. EBergerca (4)
distinguishes between a leading zoae of cirr s uncinus end the "real’ frontal
cirrostratus, saying of the cirrve (1.528) : ° the individual e’ementa of
these clouds are constantly dissclvig, but they are replenished from the
horizon so that the cloud amount copiinue o incrasse '.

Dndoubtedly details can be founi which are in the course of dissoluticn

but cirruvs uncinus are %o be regarde! as young slouds, vnl'kely to L= au
more thar an hour or two old (5); th:dr occcurrence i3 in general an in
dication of the prassmcs of a process of cloud formation, not cne o7 clovd
decay. Moreover. the growth of a suiastantial fall-stresk laplies the pr

of layers of air. oxtending over 1 ki or mors below the formatiom lavel,
shich there is a state of supersaturation with respzct to ‘ce (6,7) walel
permits the continued growth and fall of the cirrua crystale. Equally, t(he
davelopment of lomy fall-streaks ove ' pariods of up to an Liowr or two denand:
a process of crystal-formation which shall persist for euch periods in
locelised regions near the tops of tie fall-streaks- The only such proceas

which has been sug _catad aleo repices the prosence of a consldevabl:
supersaturatior with respact to ice in the clear air into which the fall
streak crystale descend (3). 1In epi e o7 this evidence the leading edge of
the cirrue system must be vegarded a3 a decay-edge, beyond which &hz cleer
air should gemerally be in & state ¢ sub=saturation with respe:t o lce.

- This apparent comtradiction can only be resolved by supposing “hat ia
the vicinity of the decay-edge disturbances f saaller sca e than ae sh

an synoptic cherts locally restore vertical motion cnd the rvencua f clouc

formation. These disturbances mey b: a characteriatic of “he alr strecan,
associsted with tbe 'streatiness’ of the jet structure or "aterral saves
2 the kind which produce billow ¢loids novirg with the wind, or thoy may

be introduced into the airatream by the hills or rcuntains over wiich it




passes. Disfurbancss cf this latter <iad oftes produce shallcw wave clouds
in the medium lavels tefire the sivan-ing clrrosiratus 1as thicksned into
en altostratus. Such cliude are very locslised end do not suggest that

the air whick bas risen sbove eow: ground cbatasle returns only 3l owly

to ite origiral level, thus medatadning tie high humidiiy over a great
distarce dewnwind da ¢1e maaner wv:ich seers to be requiced for prraistent
fall-etreak regeneracion. On the other hend the formatica of streamexs of
ice-cicud | whose length pay reas: hundreds of kilcwetres,from psrsistent
cold wave~clinds produced over =v-a srall hille has alreedy been described
(9; 10, 11). Sfuch eloude ure typic-ally found cp the flarks of malor cirrus
syatens, especinlly ‘m th2 northe: n fringes of eystems ssscciated with
quasi-stationary cold ‘ronte, and alsc within the warm alr maze can the
southera friages of froeztal systers. Frequently such ¢louds are reaponsible
for the appeararce of o remerkabl; sharply defised e¢dge to tha cirrus system
[
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cecogniticn 4e importent, fir their cdges lie striotly alorg the

el flow, unlike the s2dgens of other ¢cirrus systems. DBecause f their great
extension dowm-wind I barc called them ‘great hill-wave clouca' 1o distinguish
them from ordinsry hill- end lee-vave clouds. -Probably they reach theix
greatent develogment whea air moving mzar & high <loud eyster would no
have recelved a sufficient verticel diapla emen: ¢o produce cloud (at rear-
saturation over Liquid water) im t.e absen ¢ of the urograpais disturbence,
but yei which is broughi to a stat: of ice superassturation over a very

-ng path. Scmetimss. however, dr-c let clouds are sbeerved at lowsr levsls
which ere similar, th ugh aot of s:ch great borizmontsl extent, amd thoes
cartainly imply :hat “he elr displ.ced upworde near o hill only 3 owly
retarns to its original level.

Concerning the mecheniem cof £ 1l-ctrecl regensration, it has teen
ehcun that am iscbaric condensatior which reducee a state »f satwation
over liquid waler %0 « otate of ic: saturation releases eufficlent heat
to alles a dry-adiabatic ascent of the warred air through a distarce which
depende upon the rreveiling temper: ture and lapss-rate, ead which at hi h
temperacures (~10 to -20°C) and mocerate lapse-rates (6.5 tc 7.5°C,ka) is
suffician? to restore the state ¢f saturation with respec: teo 1iquid water
(12). 1f this is to occur at lower tezperatures the lapss rate nual be
greater: it must excecd 3~'0C/lm at ~30°C, ‘9~2°C,’kn at ~40°C and 9~-7°C/)-m
it -50°C. Thees values are not eltered 1¢ it is considersd ihat crysta)
fermation begins at some vepour pressure intermedizte between thoss re-
presenting saturation with respect o ice and with respect to liquid water.
Their dwplication {s that the tempe atu-e a‘ the tope of cirrus fall-straake
is rarely iikely to be much above -30°C (whea ice nuclei sre likely to be
very rare) nor much below -40°C (un ess the lapae rate ls very great,
cpproxizating to the dry adiabatic). A limited nunber of oboervationg ssem




to suppor® thias conclusion: of 13 occasi ns vhen this lemparzture vas
estimated, on 16 it lay between -37 o1d ~50, :nd oalv twice (uteide this
range ( comsequently 1t ‘s probabiy permiseib e to ¢ avert wsphcacops
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Fig. 2. (a) if %ke vertw ‘a’ reprzsen:s the wind at the
basa? of & Jay r dn which the mean isotherms are
'“ ‘1, (e > '., ¢ corresponding to advection of wers ©
83.r), “thern “th“therma wiad ¢ is vesred from
:hse lixl‘ &,
‘) f ln the ¢ir uns .cmess raprosented by diagram (a)
v erystal-ger-rating region C moves with the
7iad b at tie top of “he layer, the falling crystele
a3z bshind and trail ia the diveetion of the
tharmal wind  to ¢he wight of the sporoaching
loud. Comnonly,however, the trail f is obsurved
» Ji2 o t e lefi,indicating an upper wipd b
» bl- ked from ‘he lower-level wind a‘.

Jeusily. 47 not iavariambly; the fall &'reaks ar2 observed to trail in
the high ciovd sgyalen, often a% such a angle that, elthcugh the =dge of the
systen lies some 30 o the :ight of tis wind flow. they lie to ths left of
the motion Of the Scps of the fall+sirisks. incicating @ wind which ha

with height (Fig.2b)

Careful analysis of o series f diuble-theodolite balloca sscents, whish

rere nvaileble for s cecowion when «i:rus observatiora wsere also as,dc, ccn
irmed the axistence of these ancmalous shears at the apgropriate levels.
he changes in welociiy from one lewl %o enotbar which produss those ahoars
e rether small; and they cennol be obtaired with esatisfazicry accum cy if

in usual practics. the cheerved #incs are reported o5 average winde Over
eyers about 4000 feet thick, and particulerly vhen tha winé directiors are.
ounded off £o the nesrest fen degraes

L ostudy was made of the change (f wind dlrcctioa zith height on soundi: E3s

wer the British Imles, which enterac Mi'ly jet st.ream-i ia the yerrs 9149-1‘}50‘

shen the d:L'nctios-s were reported to the nearss: degv-er-, mth the rezults
~howa in the Ioll« wing table : | :

SCONDINCGS OVER BRITISH I3. IN RW'LY JET STKE.-’LMS. 494G-50 ;
(t.ic‘ad)n' > divest on of wind at levnl of stromgest wird

(ad;;)" = " " " " jevels 50,100 or 150 mb lcwer;
‘Yyps 2nd puaber Mear vs ue of (ddd) = ~(dad)
of soundinge ¥ = 50 mb % x e 200 m x = 150 b
A1l sourdings (81) 10 2.6 .8
Soundings with wind
baclk in highest =25 ~0.4 1.5
layer (32)

Soundings with wind
rear in highest 3.1 §.5 2.4
Laver (49)
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