
45

Notes on Cloud Streets as Seen by Satellite

Il. S. Scorer
Inperial Col lege, London

Presented at the XVIIth Congress
Paderborr, Gernany, l9Bl

The photoqraphs on lrhich these notes are
based were supplied b-v the Department of
Electrical Engi neeri ng and Electronics
in the ljniversity of Dundee. The
statistical results were obtajned by
l4rs. Al-lladi Lhi in the course of an
investiqation for M. Sc.

It has becorne possible to see cloud
configurations on a scale unknown unti'l
recently. Previous investigations,
particularly those by Dr. V.G. Plank,
vrere based on observations from
aircraft, and could only span a few
street widths. They also depended on
the availability of the aircraft, and
could only be conducted near to
established aircraft bases, which meant
that they were almost exclusively
carried out over land. But with
satellites it has becoine possible to get
a good feel for the frequency of
occurence of streets in clinates from
the arctic to the tropics, and we can
also distinguish the forns of streets
typical of ocean and continental areas,

Plate I (0949 GllT, 26th oct. 'l980)

shows an inrush of cold air fron Sweden,
partly covered by snow into the
relatively warn Baltic Sea and then
across East Gernany and Poland. The
coldest air al ready forrns streets over
the sea close to the Lithuanian coast,
behind the cold front of a cyclone over
southern Finland.

The streets contain clouds of variable
size and spacing and in the east they
are broken up b"v very larqe cumulus
which are producing frequent showers,
but even there snall streets still
exist, There is an area of larger
cunulus near the coast where it is
downwind of Bornholm and the less
forested areas of Skane, but the
subsidence ahead of the next frontal
systen which already covers Dennark

danps out the convection over llest
Gernany. The variability of the !,rind
there reduces the forces which tend to'line the cunulus in streets, nanely
those in the large wind shear near the
ground.

Platc II {1455 GllT, lst June 1979}
shows streets in a southerly wind over
Ireland lihile the cala in an anticyclone
over Britain'locates the cunulus over
the nountains only. Again we see the
streets growing over the warm land into
larger cumulus where the mountains are
higher (t{icklow, south of Dublin) and
the subsidence is less (l,l- Ireland),

Plate III {0108 GMT, B April 1970) is
riainly of h'istorical interest as an
ear]y (gri dded ) satellite picture
showing the very long persistent streets
downstream of islands. A northerly flow
across the Aleutian Islands starts as
small streets in the Bering Sea but to
the south becones lines extend'jng up to
l000km from the islands that initiate
then.

Plate IV (1040 Gl4T, 30 tlarch 'l977)

shows a long line of clord, in this case
about 600nn long stretching downwind of
l4adiera, with vortex streets produced by
La Palma and Gran Canaria in the Canary
Islands. Such vortex streets were
observed in this area and recorded
photographically on one of the earliest
llercury flights. An inversion lies at
the top of the cool air nass originating
fron the far north (sec pldte v), in
rlhich the cellular Trade l,/ind cloud is
forned. In such cloud there is
undoubtedly sone wind shear near the sea
surface, but at the level of the clouds
there is very often a wind naximum
which, havirg no shear, promotes the
fornation of cells under the subsidence
i nversi on rather than streets.

Plate V {2040 GMT, ll February l9Sl)
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t. Cold air inf'lux into central Europe
1980, visible); Cloud streets, vJith
nearer to the center of the cyclone

behind a cold front, (0949, 26 october
showers nore prevalent in the east

over South Finland.

II.
Streets over Irel and (1455,
'I June l979, visible) in a

southerly wi nd circulating
around an anti cyc lone over
Britain.
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shows a typical influx of cold air fron
the Davis Strait into the North A antic
behind a cold front. The clouds are
lined up in streets at first but changefirst to individual cloud cel ls and t6en
further south into enpty cells rjnged by
cloud. In the returning cold air on the
east side of the cyclone and closer
behind the cold front there are large
shower clouds with anvils carried to the
north-north-east bv the <trong upper
wind of the jet stiean close io iire
front, and a nixture of larqe jndtvidudl
clouds, Drobably rainirr. "ri:h rinte4
enpty cells in beiween" There is also a
,etcndary pol )r' .1ir cycloi" 9o"ri.g 'n a
group of such storms t0 the south-easf-
of the ndin ctsrter. an.r the bejirnirg cf
.j'io'hcr heyon,i llr,ll. "ut -anv outflohs
of Lold dir hav^ rquch ncrp naiked
streets than this ore.

Plate VI shows an outflo!r' of cold air
from north-east Greenland lrllere the pack
ice is b!"eaking up and aeltinq. It
passes over the island of Jan l'layen
(71 fl 8 U) whose nain peak (2277m)
rcaches up above the inversion cappinq
the arctic air and produces a vortex
street similar to those sho\{n in
Plate IV. In the air above the
inversion there are sone "hou wave"
clouds, and on the port side sonc lee
uaves can be seen in the cloud top due
to the smaller peak whose tap (i6qn) is
below the inversion-

In this case the streets are very
regular and it is possible to estindte
their width (w) from the satellite
inrage. The depth {h) of the layer can
be estimated from a radiosondeJ so that
the aspect ratio (w,/h) can be deternined
roughly. In order to get statistics to
see whether the aspect is a universal
constant, 42 cases of cloud streets
observed over the sea near the British
Isles were chosen because it was easy to
obtain tlre data. The average aspect
ration was 4.0, but there were two
groups centered around the values 3.0
and 4.5.

The height of the top of the stabte
layer ranged from 0.75knr to 2.25km and
the wi dth fron 4.lskn to I I .6kr.!. t 2
cases were also studied when there was a

cellular structure lrithout st-reets and
the aspect ratio varied fron B to 33,
the wider cell s tending to have a wider

aspect ratio. The cell width ranged
from l9 to 48km, so that cells seen to
he .r5le Lo occur viith J nu(il .lreater
widlh than streetsi or. to pUi it the
other r/ay round, qhen streets occur
their width is i smdller riultiple of the
convection layer depth than vhen cells
occur.

lhese snall sanf'les shoved gredt
variabil ity evcn over Lite s^a. rrlrerc
convection Nas rather i./eak, in a
restricted neighborhood, All the cases
of cells without streets were in the
dinter of 'l977-78 exccrt one (August'l977). Thc strectg v/e.e nainiy from fhc
same season (only 4 being from sLlr,mer
1977 and 2 from sumaer of 1979).

There is however, a direct relationship
obscrvablc in singre pictut,cs \etr,/een
the width a4d depth because rhe didth
clear]y increases dounwind when the air
noves inland from cold sea or froft
frozen land on to tvarmer sea.

Plate VII shows a flow of arctic air
off Greenland across Jan i'layen {1055 ci4T
27 t{arch ']977), with great variation in
convection structure, 0n the west side
of the vortex street the first clouds to
appear have a ringed cell structure, but
have streets on tlre east side. Further
east is another vortex street of larger
proportions produced by Spitzbcrgen {ith
larger cel ls heyoid. The vorticcs i'l
the street of Jan l'1ayen show an effect
which has been observed also in lotv
latitudes' namely the formation of
star'like cells-

Plates vIII {a) and (b) (i451 GtlT,'10 t-ohruary lqB0) shor tlrar where thr
shadolrs lie betv,/een the streets the
ground nay, as a consequence, be wafitest
under the streets" The aspect ratio
will then be irifluenced by the elevation
of the sun, the wind di!"ection, and the
cloud base height. This cannot be an
influence over the sea, but it night
cause a sideways nigration over land.

Plate IX (1144 Gl.lT, l7 February 1978)
shov/s a beautiful pattern of clouds in
the far north. The streamers of ice
cloud over the region of ice are very
long but are not usually observed to be
regul arl y spaced like convection
streets. The cloud streets which begin
west of Spitzbergen grow in width but
disappear over the ice and start again

'{ith snall width when the opcn sea is



VIil3
Cioud streets over land cast shadow5 on the qrc nd which cdn ba seen as
Cark areas in visible iight (a) and as light jrey a:.eas i. the inf|a!"ed (f)
(1451, l0 Febrriary l9B0). At this time of day, vritn this orientatioir ot
stre€ts, and lriih this cloud height and so!ar elevation, the shadows j,ij.iljn the space between the clouds- The infrared picture shows that the
clouds {white, co]dest) lie over the rniCdle of the wannest iand (bldck,
hcttest-). :rt-!.i' ,{ -

VIIIb,
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again reached to the east of Jan llayen.
It is of interest, in plate VIII, that

when the streets refom over France they
first appear south of Calais with a

spacing of about 2km, having left the
coast of England with a separation of
about gkn at which they had been fairly
constant for a distance of l50kn. This
implies that the streets, being aligned
along the wind, are a direct result of
the change of wind with height. The
convection which begins when air crosses
the coast on a sunny day is accompanied
by an increase in the drag, and the
streets cease to be organised when the
convection occupies a layer nuch deeper
than the layer containing the wind shear.

0ver the sea, because of the much
slower warning rate than over the land
in the niddle of the day, the convection
nay have an un-streeted cellular pattern
over a nuch bigger area. Furthemore,
the rain showers over the sea are
usually lighter and participate in the
mechanisms which shape the cells. Sone
rinqed cells are undoubtedly due to the
downdrafts in showers spreading out on
the ground or sea surface and covering
the center of the cell with cooler air
in which no convection cloud is produced
for a tine.

lle may now sufimarise some of the nain
nechanisErs which determine the form
taken by convection vrhen there is a wind:

l,lind shear, which nay not occupy the
whole depth of the convection layer.
The presence of a stable layer,
usually at a cloud top, which is
uniforn over a large area, setting a
dimension for the spacing of the
convecti on el ements.
Cloud shadows, the nagnitude of the
effect of depending on the reldtion
of wind direction and sun direction,
street width and sun's elevation.
Rai n, producing downdrafts vhich
delay convection where they spread
out on the surface, Sometines ner,/
narrow streets appear in the
downdraft air from large shower
cl ouds.
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the cloud is unstable and the clear air
between clouds is stably stratified.

6. The motion in cloud streets is not
simply a wind with longitudinal rolls
superinposed on it. If that yere the
case the layer above cloud base would
be filled with a cor,rpl ete layer of
cloud. There is probably some rather
vi gorous subsidence taking place
which is continuously evaporating the
cloud at its edges where it is
diluted by nixing with clear air.
This evaporation causes a stronger
downdraught at the edges of the
clouds than in the niddle of the
clear lanes between cloud streets.

Since the relative importance of these
factors, and perhaps others too, may
differ from occasion to occasion the
resulting aspect ratio is not likely to
be a universal constant but a nurnber
which may vary from case to case by a
factor of 2 or 3 quite easily.

l4rs, Hadithi's work shows that consi-
derable variation occurs even in situa-
tions nhich were del iberately chosen to
be fairly sinrilar in many respects. The
subject is one of considerable
complexity and is not to be understood
in the sinple terns of laboratory
experinents and nathenatical theories of
slow cellular convections in fluids of
nearly uniform viscosity. There are
many geographical factors Ieculiar to
each occasion t{hich cause variations in
the phenomenon over short distances.

REFERENCES

l. Al-Hadithi, H.T.: "l.1.Sc thesis,"
Uni versity of Dundee, 1982.
2. Plank, v.G.: "Ph.D. thesis," llassa-
chussets Institute of Technology, 1962.

Advanced texts on the subject:
3. nrrnel J..l-"auoyancy ftfects in
Fl ui ds, " C.U. Press, .l973"

4. Scorer, R"S.: "Environnental
Aerodynamics," Elt is Horwood (El John
Uiley Hal stead Press), 1979.

I ll ustrati ve texts:
5.-sco-Fe-T5-a-'ITouds of the Irlorl d, "
David I Char'les, 'l972, reprinted 19B3,
forthcoming l9B3-4.
6. Scorer, R,S.: "Clouds Natural and
Artificial ," Ellis Horwood, (with
emphasis on satel l i te pictures).

I
3.

i

2.

5. The ratio of the
bel ov cl oud base,

depth of the I ayer
wh ich has a

stratification close to neutral with
buoyant air rising in it, to the
depth of the cloud layer, in which


