CHAPTER 21

THE CLASSIFICATION OF CLOUDS

ARTHUR L. RANGNO

1 INTRODUCTION

Dfficial synoptic weather observations have contained information of the coverage
of various types of clowds since 1930, These clowd observations ase based on a
classification system that was largely in place by the late 18908 (Brooks, 1951). In
recent vears, these cloud ebservations have also had increased value, Besides their
tradrtional role 10 helping to assess the current condition of the atmosghere and what
wenther may D ahead, they are also helping to provide a long-term record from
which changes in ¢loud coverage and type associated with climate change might be
discerned that might not be detectable in the relatively short record of satellite data
(Warren et al,, 1991), This article discusses what a clowd s, the origin of the
classification system of clouds, and containg photographs of the most commonly
ohserved clouds,

2 WHAT IS A CLOUD?

As defined by the World Metcorelogical Drganization (1969), & clowd s an aggre-
gate of minute suspended particles of water or ice, or both, that are in sufficient
concentrations to be visible—a collection of “hydrometeors,™ a term thai also
incledes in some cases, due to perspective, the precipitation parficles thar fall
from. them.
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Clouds are tenwous and transitory. No single cloud element, even within an
extensive cloud shield. exists for more than a féw bours, and most small clouds in
the lower atmosphere exist for only a few minutes, In precise numbers, the demarca-
tion between a cloud and clear air is hard to define. How many cloud drops per liter
constitute 4 cloud? When are 102 crystals and snow termed “clouds™ rather than
precipitation” When are drops or ice erystals too large to be considered “chowsd™
particles, but rather “precipitation™ particles?

These questions are difficult for scientists to answer in wnanimity because the
ditference between cloud particles and precipitation particles, for example, is not
black and white; rather they represent a contimuum of fallspeeds. For some scientists,
A M-pm diameter drop represents a “dnzzle” drop because it likely has formed from
collisions with other drops, but for others it may be termed a “cloud ™ drop becanese it
falls too slowly to produce noticeable precipitation, and evaporates almost immedi-
ately after exiting the bottom af the cloud. Also, the farther an obgerver s from
falling precipitation, the mare it appears to be a “cloud™ as a result of perspective,
For example, many of the higher “clouds™ above us, such as cirms and aliostratus
clouds, are composed mainly of we crystals and even snowflakes that are seliling
toward the Earth; they would ned be considered a *cloud™ by an observer inside
them on Mt. Everest, for example, but rather a very light snowfall. Some of the
umbiguitics and problems associated with clowd classification by ground observers
wene discussed by Howell (1951),

3 ORIGIN OF THE PRESENT-DAY CLOUD CLASSIFICATION SYSTEM

The classification system for clowds is based on what we sce above us. Al about the
samme time at the tun of the 1%9th century, the process of classifying objectively the
many shapes und sizes of something as ephemeral as a cloud was first sccomplished
by an English chemist, Luke Howard, in 1803, and & French naturalist, Jean Bapiiste
Lamarck, in 1802 (Hambhyn, 2001 ). Both published systems of cloud classifications.
However, because Howard used Latin descriptors of the type that scientists were
already using m other fields, his descriptions appeared to resemble much of what
people saw, and because he published his results in a relstively well-read journal,
Tilloch’s Philovophical Magazine, Howard's system became accepted and was repro-
duced in books and encyclopedias soon afterward {Howard, 1803}

Howard observed, os had Lamarck before Rim, that there were three basic cloud
regimes. There were fibrous and wispy clouds, which he called cimus (Latin for
hair), sheet-like laminar clouds that covered much or all of the sky, which he referred
o 8s strains (meaning fath, and clouds that were less pervasive but had a strong
vertical architecture, which he ealled cumifis (meaning heaped up). Howard used an
additional Latin term, nimbus (Latin for cloud), meaning in this ease, o cloud or
system of clouds from which precipitation fell. Today, simbes dself is not o cloud.
but rather a prefix or suffix 1o denote the tao main precipitating clouds, mimbostrans
and cumulominbus. The question over clouds and their types gpenerated such enthu-
siasm ameng naturalists m the 19th century that an ardent observer and member of

the British Royal Meteorlogical Society, Ralph Abercromby, took two voynges
around the world 10 make sure that no cloud type had been overlooked!

The emerging idea that clouds preferred just two or three levels in the pimosphere
was supported by measurements using theodolites and photogrammetry 1o measure
cloud height at Uppsala, Sweden, as well as at sites in Germany and in the United
Spafes in the 15805, These measurements eventually led H. Hildebrandsson, Director
of the Uppsala Observatory, and Abercromby to place the “low,” “middle,” and
“high™ cloud groupings of Howard more systematically in their own 1BET clowd
clussification. At this time, cemubes and cumulonimbis clouds were placed in a
fourth distinct categery representing clouds with appreciable updrfis and vertical
development,

Howard’s modified classification system was re-examined at the Intemnational
Meteorological Conference af Munich in 1891 followed by the publication of a
color cloud atlas in 1896 (Hildebrandsson ef al., 1396) At this point, the definitions
of clouds were close fo their modern forms. Additional mternational comimiltees
made minor modifications 1o this system in 1926 that wers realized with the publi-
cation of the 1932 Internadional Clowd Atdlas. Little change has been made since that
LIIme.

The most comprehensive version of the classification system was published in
two volumes {Intenational Cloud Atlas) by the World Meteorological Organization
i 1956 (WO, 1956}, Velume | contained the cloud morphology and Volume 11
consisted of photographs, An abridged Atlas published in 1969 consisted of
combined morphology and photographs. The descriptions of clowds and their clas-
sifications (Volwme [) were published again in 1975 by the WO (WMO, 1975 In
1987, u revised Volume T of photographs (WMO, 1975) was published that included
photographs of clowds from more disparate places than in the previous volumes.

4 THE CLASSIFICATION OF CLOUDS

There are ten main calegories or genera inte which clouds are classified for official
observations (e.g., British Meteorological Office, 1982; Houze, 1993): cirriis, cirnos-
fratis, cirrociemedis, alfosivaies, altocemplis, Rimbosieals, SIRRISCIRRINS, STINS,
cumulnz, and crmdonimbus. Table 1 is a partial list of the nomenclature used o
describe the most commonly seen species and vareties of these clouds. Figures | o
13 illustrate these main forms and their most common varieties or species.

Within these ten categories are three cloud bage altitude regimes: “high™ clowds,
those with bases generally above 7km above ground level (AGL); “middle-bevel™
clouds, those with bases between 2 and about Thm AGL: and “low™ chods, those
with bases at or below 2 km AGL, The word “about™ is used because clowds with
cerfain visual attributes that make them, for example, a middie-level cload, may
actally have a base that is above 7km. Similarky, in winter or in the Arctic, high
glouds with cirriform attributes (fibrous and wispy) may be found at heights below
Thkm, Also, some clouds that are still considered low clonds (e.g., cumihis clouds)
can have bases that are a km or more above the general low cloud upper base limit of



TABLE 1 The Tem Cloud Types and Their Most Common Species and Varietles.

Creners Species Varieties

Ciirras (CH) Uncinus, fikratug, spissans, Imtornas, radialus, uzrlrbun}u.s_
castellanus

Chrrvatrarus (Cs) Mebulosus, [hraus

Crrnmcnmlvs (Cc) Castellamus, Aocows lenticulanis  Undubats
Alecumulus (Ac) Custellanus, Boccws, lenticularis  Transbucidus, opocus, undularus,

prisrlicidias

Alstraruy [ 45) Mone Tramslucidus, opacus
Mimehesrrmams (NE) Mome Mons
Statocumenfus (5S¢} Castellanus, lenticularis Perlucidus, wanslucidus opacus
Stratus (5i) Fracous, nebulasus
Cumplonimbug (Chy  Calvas, capillalos
Craumplees (Cud Fracoas, humalis, medicons,

COMEESLLS

Lemers m paremhesss denle sccepled abbrmmbions
Source: From World Miteorological Orgamization, 1975,

Ikm AGL. Thercfore, these cloud base height boundaries should be considered
somewhat flexible. Nete, wao, that what is classified as an alfocismdis Bver when
seen from sea bevel will be termed o sirtocimmdus layer when the same clowd §s seen
by an observer at the top of a high mountain because the apparent size of the clowd
elerments, part of the definition of these clouds, becomes larger the nearer one is 1w
the cloud layer. The definitions are made on the basis of the distance of the observer
frovm the cloud.

The classification of clouds is also dependent on their composition, This is
because the composition of a clowd, all liguicl, all #ee, or @ mixture of botl, deter-
mines many of its visual atiributes on which the classifications are founded (e.g.,
luminance, texture, color, opacity, and the level of detail of the cloud elements), Far
example, an aftocumufus cloud cannot contain o0 many ice crystals and still be
recognizable s an altocumulus cloud. Tt must alwavs be composed largely of water
drops to retain its sharp-edged compact appearance, Thus, it cannot be too high and
cold. On the other hand, wispy trails of ice crystals comprising cirvus clouds cannot
be oo low (and thus, too warm). Therefore, having the ability to assess the compo-
sition of clouds (i.e, jce vs. liquid water) visually can belp in the determination of a
chowd'’s height.

Orther important attributes for identifving a cloud are: How much of the sky does
it cover? Does it obacure the sun’s disk? If the sun’s position 12 visible, is its disk
sharply defined or diffuse’ Does the cloud display a particular pattern such as small
cloud clements, rows, billows, or undulations? I5 rain or snow falling from it? If so,
i the rain or snow falling from it concentrated in a nasrow shatl, sugpesting heaped
cloud tops abowve, or is the precipitation widespread with limle gradation, a charac-
teristic that suggests uniform cloud tops? Answering these questions will allow the
best categorization of clouds into their ten basic Types,

Figure 1 Cirrus | hrane] wilh a small patch of cirray spisar Joft between the trees,

4.1 High Clouds

Cirris, cirvostratus, and cirecumnins clouds (Figs. 1, 2, and 3, mespectively)
comprize high clouds. By WMO definition, they are not dense enough to produce
shading except when the sun is near the horizon, with the single excepiion of a thick
patchy cirrus species called cirrus spissans in which gray shading is allowahle.'
Cirrws and cirrostratis clowds are composed of ice crystals with, perhaps, a few
momentary exceptions just after forming and when the temperatere is higher than
=40°C, In this cose, droplets may be briefly present at the instant of formation. The
hases of civrus and cirmstrrius clouds, composed of generally low concentrations of
ice crystals that are sbout fo evaporate, are usually colder than —20°C. The coldest
curriform chowsds (e, o and cirrostrones) can be —807 C or lower in deep storms
with high clowd tops {2 15 km above 2ea level) such a= in thinning anvils associated
with high-level owiflow of thumdersionms,

Because of their oy composition, civms and clrosiraies clowds are fibrous,
wispy, and diffuse. This wispy and diffuse attribute i because the ke crystals that
cormprise them are overall in much lower concentrations (often an onder of magni-
twde of e than are the droplet concentrations in liquid water clouds. In comtrast,
droplet clouds look hard and sharp-edged with the details of the tiniest elements
clesrly wisible, The long filaments that often comprise cirfiform clouds are cowsed by

“Many users of satellibe data mefer o e oo croes thess clouds with okl s i the upper
tropoaphen: withoul regard 4o whether they prodece shading a8 seen froms below, Hoswever, many such
choasds 50 described would actually be chssified e oloctmive clouds by grosnd observers. This is becanmse
such chouds are nemally thick enough o produce pray shading ssd cannol, thesefore, be technically
classified as a form of cimms clowds from the groumd



Figure T Cirrostmbus (nefanfosuy), a relatively featareless ioe cloud that may merely mam the
sky from blue to white.

the growth of larger ice crysials that fall out in areow, sloping shafts in the presence
of changing wind speeds and directions below the parent cloud. As a result of the
flowr setiling of ice crystals spom after they formm, matre clorws and cirrosineiuy
clouds are, surprisingly. often | km or more thick, although the sun may not be
apprecinbly dimmed {eg., Planck et al, 1953, Heymsfleld, 19937,

Cirris and cirvostrpins clowds ofien produce haloes when viewed from the
ground whereas thicker, mainly ice clouds, such as altostratus clouds (see below)
connod. This is because the cirriform clouds wsoally consist of small, hexagonal
prsm crystals such as thick plates, short solid columns—simple crystals thar refract
the sun’s light as it passes through them. On the other hand, ahiosivetes clouds ane
much degper and are theretore composed of much larger, complicated ice crystals
and snowflakes that do not permit simple refraction of the sun's light, or, if a halo
extsls in its upper regions, it cannot be seen due to the opacity of the altesirerus
clowd, The appearance of o widesprend sheet of cirrostratus clouds in wintertime in
the middle and northem latitedes has long been identified as a precursor to steady
i O Sty (e ., Brooks, 195] I

Cirrocumudus elouds are patchy, finely granulated clouds. Owing to a definition
that allows no shading, they are very thin (less than 200'm thick), and usually very
short-lived, often appeanng and disappearing in minutes. The largest of the visible
clowd elements con be ne larger than the width of a finger held skyward when
ohaerved from the ground; otherwise it is classified as an alfecwmulis or, if lower,
a stratorumreidus Gloud,

Figure 3 Corocumalas the timiest granales of this clowd can offer the idlusion of Tooking at
the cloud streets on a satellite phato,

Cirrocumudus clouds are composed mostly or completely of water droplets. The
liquid phase of these clouds can wsually be deduced when they are near the sun; a
corong or m=ation (alse called indescence) is prodeced due w the diffction of
aunlight by the cloud® oy (= 10-wm diometer) droplets. However, many cirrocy-
misefus clouds that form at low temperatures (< =30°C) migrote o fibrous cireiform
clouds within a firw minutes, consimg the gonulated appearange o disappeor as the
droplets evaporate or freese fo become longer-lived ke crivstals that fall out and can
spread mwary from the onginal tiny clowdlet,

4.2 Middie-Level Clouds

Altocumddus, altesirais, and simbostreins cloads (Figs. 4, 5.6, and 7, respectively]
are considered middle-level clouds because their bases are located between about 2
and 7km AGL (see discussion concerning the variable bases of mimbosmars clouds
below). These clouds are the product of slow updrafis (centimeters per secomd) often
taking place in the middle troposphere over an area of thousends of square kile-
meters or more, Gray shading is expected i altostraies, and 15 genemlly present in
altocumiaius clouds, Nimbostearus clouds by definition are dark gray and the sun
cannot be scen through them. 1t 65 this property of shading that differentiates these
clouds from high clouds, which as a rule can have no shading,
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Figure 4 Altcumules translscidas is meing toward the abderved with an alloeamlos

lenticularis clowd in the distance above the horizon, Cirmostrans sebilosus is alse present Figure 6 Albostratus ranshicidus overspreads the sky as a '-"'ill'l:!'ﬁ"-"'l"l"l HPCIE App
abiwe the abtocumulus clowls Seatile. The darker regions show where the snow falling from this layer (virgn) has reac hed

jevels that are somewhat lower than froni regions neariy.

| 2
Figure §  Altocumulus lenticularis these may hover aver the same location for bours at a Figure 7 Nimbostratus on a day with freezing level at the ground. 5mr.-.-.ﬂ~|llr|:-a ﬂl-'El"'-"l;“S :':
time or fior just & few minutcs. They cxpand and shrink as the grade of moistare in the lifled air abscure the mountain peaks nearky and snow reached the lewer valley 1 the Jonegraund eni
stream waxes and wanece miingies laber,
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Alsostratus and altoeumulys are differenst from one another in the same way that
cirrus and cirrostratus chouds ane different from cérrocumdies clouds; in alfocum-
fus clowds, droplets predominate, giving them a crisp, sharper-cdged look, With
altnstmatny clouds, ioe crystals and snowflakes dominuie or comprise the enlire
cloud, giving it a diffuse, fibeous book, The observation of alincumndus and alis-
strafus chouds in the sky has long been a marker for deteriorating weather in the
howurs ahesd,

In spite of its name, affocumtus clouds &re penerally rather flat clouds that
strongly resemble stratocumulis clowds. An exception to this overall laminar archi-
tecture is in those species of altecumulios called costetfanus and focews, In these
forms, aliocumulz clouds resemble miniature, lofted cumnclus clouds that usually
occur in rows or patches rather than in widespread layers.

Alrocumuius clouds are distinguished from cirrocimuius because they are lower
and the cloud clements in aftocumulis are, or appear W be from the ground, several
times larger than those in clreocumulus clouds, For example, the elements of an
altocwrmidus cloud are typically the width of three fingers held skoyward ar e
ground. Also, shading toward the center of the thicker elements is usually present
in aitociemadus clouds, a property that is not allowesd in the classification of cirm-
cumulis clouds, Alocumdus clouds are distinguished from strafocummdus because
they are higher above ground level than serrtocuemedus (at least 2 km) and because
the individual cloud elements in alffecumulis are, or appear to be from the ground,
smaller than those m stratocumilis,

In spite of the gray shading that may be present, alfocimlus clonds are ranely
more than | km thick. This is becanse the concentrations of drops in them are
relatively high (typically 50,000 or more per liter) compared with fibrous ice
clouds whose particle concentrations may only be oaly tens 1o a few thousand per
liter. This density of particles produces an optical depth in which the suns disk
can be obscured (optical depth of 4 or more) by an aifocwmdus clowd layer only
-5 m thick.

Altocumulus clouds sometimes sport patchy “virge.” Firge is light precipiiation
that falls from a cloud but does not reach the ground becanse it evaporates, Becazse
virgit is almost always caused by falling snow, it appears fibrous, often with striations
o leng filaments that often far surpass the depth of the cloud from which it is falling.
Wirga, because it is comprised of falling snow, can appear o be quite dense, Afo-
carmiehas chowds with virga are predominantly those clouds whose temperatures are
bower than —10° C (Heymsfield, 1993). However, at the same time, they are rirely
colder than about —30° C. This is because at very Jow temperatures they are likely to
take on the attributes of ice clouds such as cirrus or its thicker brethren, alfostrots,

The specics of altocumedus clouds called alfocimudis castellanus has always had
a special significance in meteorology because these clouds reveal a conditionally
unstable lapse rate in the middle troposphere, Instability of this sort has been viewed
a5 a marker for likely releases of deeper convection in the hours ahead. Occassonally,

castelfanus clouds proup and enlarge into higher based cumalus and cumdonimbus
clouds.

L e I R e L ek

When the winds are relatively strong aboft (greater than about 20ms~') and
mederately moist, but siable lapse rie conditions are present, a species of alfocy-
mitiy called Jendicularis {lens or alimond-shaped) clouds (Fig. 5) may form over or
downwind of mountains. Altecumulus fentienlaric clowds can hover over the same
Jocation for minutes 1o hours while expanding and shrinking in response fo fluctu-
tions in the relative humidity of the air mass being lifted over the termin. Because the
conditions under which these ¢howds form are most often associated with advancing
ghort wave troughs in the middle and upper atmosphere and their accompanying
regions of bow pressure, lemticularis clouds are usually precursors to detenoriting
wenther.

With alfostratis clowds (Fig. 6}, the dominance of ice cawses a diffuse, amaor-
phous appearance with striations or fallstreaks (virga) on the bottom; an observer 15
usually viewing relatively low concentrations of precipitation particles rather than &
cloud per se. Altastratuy clouds are rarely less than 2 km thick and often have tops at
the same heights a5 cirw and cirrostrans clouds. Because of this great abitsde
range, they are considerably cobder and span a much greater temperature range than
do afrocumudus clouds. They also, by definition, cover the entine sky or at least wide
portions of it; they are not paichy clouds. Precipitation is usually imminent when
altostrenius clouds are moving in because they are a sign that a widespread slab of wr
is being lifted, usually that due to an approaching cyclone and its frontal system
{Brooks, 1951,

The relatively low comcentrations of larnge particles in some alifostratuy clowds
{often tens per liter) can allow the suns position to be seen as though looking
through ground or fogged glass: the suns position is apparent, but the outling of
its disk 15 not This may be the case (ransfucidy variety) even when the clowd layer
i5 oo or more kikometers thick.

Somewhat surprisingly, when the top of an altestratus cloud layer is warmer than
ahout —30 g —35°C, it i3 not uncommon to find that the top s comprised of a thin
droplet cloud virmally identical to an aftocumdus cloud lxyer that is producing
virga, The survival, growth, agpregation, and breakup of ice crysials spawned by
these codd, liquid clouds over a grest depth usumlly obscures the ice-producing
droplet cloud top in these cases, These kinds of siations were dubbed “the
upside-down storm™ when first noticed in the mid-1930s because the coldest part
of the clowd (the top) was liquid and the warmer regions below were comprised of
ice (Cunningham, 1957

Optical phenomena szen from the ground with aftospanes clouds ane limited b
parkelia (“sun dogs™). They are usually observed in thin portions of aftestrans
when the sun is low in the sky. Parhelia are bright, colored highlights, which some-
times rival the brightness of the sun, that ase located 22° from the sun's position.
They are most noticeabde in the morming or before sunset

However, since the composition of the uppermost regions of the deepest alto-
srvenius chouds are virtually identical 1o cirvifrm ice chouds with simpler, smaller ice
crystals, haloes are often observed i the uppermost portions of deep alfostratus
clowds,



T AT el el TR W WY R

Nimbostratus clouds (Fig. 7) are virtually identical to aftostranes clouds in their
composition excepl that their bases are usoally perceived from the ground as kower
than in aftestrafus (from which it has usually derived due to & downward thicken-
ingh. Therefore, they often appaar somewhat darker than altostrens clouds amd, by
definition, do not allew the sun fo be seen through them, The perceived base of
nimbostratis is caused by snowhakes that are melting into saindrops. This apparent
base of the cloud is a result of the greater opacity of snow particles pgiving the
impression of & bottom or sharp increase in thickness of the cloud at the melting
bevel. Thus, the hase of an amorphous, precipitmting mimbostranes clond might
be perceived ar mid-levels on a day when the freezing level is high (above 2 km)
such a8 in southern latitedes or the tropics, or be percenved as bow when the freezing
level is low as in northem latitudes in the winter. Generally, the botom of
mimbestratus clowds is obscured by lower detached clouds such as strafus fractus,
O sfrarocuralig,

Nimbostrans clowds produce relatively steady precipitation that ofien continwes
for hours at & time. They are not clouds responsible for passing showers with penods
of sun in between. The tops of dark, sieadily precipitating simboztrates clouds can
be as shallow as 2-3 km and even be above freezing in temperature, or they may
reach into the upper regions of the toposphere (1o cirviform cloud levels) and be as
cold as —B0°'C. At clevations above the freezing level mimbostrarus i3 largely
composed of ice crystals and snowflakes, though embedded thin (supercoooled)
droplet cloud layers similar to altocumuduy clouds are relatively common, Also,
similar o aftesrrans clouds, when the temperature at the top of mistbestriu
clouds is above about —30° to ~35°C, a thin droplet choud layer may be found in
whach the first ice crvstals form

A broken-to-overcast layer of shallow stravus or strafocismidus clouds often
resides at the bottom of nimbostranes clouds. However, while usually not precipitat-
ing themselves, these lower cloud layers are important in enhancing the amount of
riin or snow that falls from simbostaies clouds. This enhancement oceurs because
of the accretion or riming of the relatively small cloud drops in the lower clouds by
the rapidly falling precipitation-sized particles. This enhancement is especially
evident in hilly or mountainous regions. However, just the existence of lower
clouds even with drops oo small to be collected by the faster falling precipitation
indicates enhanced precipitation at those locations compared with cloud-free Toca-
tions, This is because where there are no lower chuds, thie precipitation is likely to
be subject to a degree of evaporation, and the drops or snowflakes are slighthy
smaller in comparison to those locations where clouds exist below the nimbastratis
and there is ne evaporation through the depth of the clowd.

Caernlenimbues clouds (see below) may also be embedded in simboseraies clouds,
The presence of such clouds within mimbosirans is evident by sudden gushes of
much heavier rain and sometimes lightning within a context of relatively steady rain.
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4.3 Low Stratiform Clouds

Stratecumadus and strates clouds (Figs. 8 and 9, respectively) are low-based, shallow
stratiform clouds, almost akways less than 1 km thick. They are composed of droplets
unless the cloud top 15 cooler than about =5 to —110F C in which case ice erystals
may form (Hobbs and Rangno, 1985). Srafocumulus clouds differ from strfis
clouds because they have a rather lumpy appearance at cloud base with darker
and lighter regions due to embedded wenk comvection. Also, their bases tend to
he higher, and more irregular in height than those of stroius clowds, Strans presents
a smoother, lower, more uniform sky thon do strotocumulus clouds because the
internal comvective overturning that produces lighter and darker regrons 15 slight,
Drizzle (precipitation comprised of drops = 300-pm diameter that nearly float in the
air) is likely to form when the cloud droplet concentrations are lower than about
106 e~ . Therefore, drizzle is common from bath sirefur and sirpfocuimdus clouds
at sea and along and inland of coastlimes in onshore Alow because i such sifuations
the air is clean and there are relatively few cloud condensation meclel on which
droplets can form. However, recent measurements have also shown that dnzzle and
light rain producing shallow clouds with low droplel concentrations are much more
common at inland lecations in wdnter than was once believed (e.g. Huffman amnd
MWorman, [9EE)L Since such clouds are often superconled in winter, they poe a
severe potential for aircrafl icing and freezing rain or drizzle at the ground,

Figure 8 Sirsiocumulus: nofe the uneven bases of this cloud layer. The darker regions show
where there is enbianced modest corvection and higher liguid waler content
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Figure %  Steaus: the clowds intercepd hills only a few husdred meters above sea kevel, Mole
hiere (e undformity of this cloud leyer compared with eramocumulas in Fig 8

4.4 Convective Clouds

Cumnrles and comulonimbey clouds I'Fi:u,r; 10, 11, 12 and 13, :'-e'hpul.'l:i'.'-..‘l'_l.':l ang
corvective clouds created when the temperature decreases rather rapidly with
increasing height, Diiferential heating and converging air currents in this circum-
stance can therefore send plumes of warmer air skyward with relative ease. Convec-
ive clouds are limited in coverage compared with stratifprn clowds and, except for
the anvil portions of cameloinbees clouds, rarely cover the entire sky or do so only
for shert periods, This coverage characienstic differentiates, for example, simio-
rumulfus clouds anih their linked clowd bases covenng large portions of the sky,
andd semalar-gized cumefuy clouds that by definition st be relatively scattered o
izladed clowds or small clusters with large sky openings.

Cwpelers cloucds have a size spedium af their own that ranges from crmulis
fraciie, Ehse first choud sheeds that appesr vl the top of the convechve |.'II.1L-II1'I’H|5'_'-'
layer, 1o congesine size (more than abowt 2 km deep). Between these sisas are
carmidus bumific and complny mediooris clonsds, cloods that range berween abouwl
1 and 2 km in depth, respectively. The tops of these larger clowds are marked by
sprouting portions called nirrets that represent the growing and usually warmer parts
of the cloud. Individual torrets are generally one 1o a few kilometers wide, il-1|!|H:'I-l-Eh
in strong storms individual turrets may coalesce info groups of many ureets o form
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Figare 1 In this basy sky, comelis mesfiocriy is 31 (e cemter, with cimsilus kamills in the
distance, and cwmchis comgenns on the horzon at kf. Also present in this phoio is
altocumraiuy feensfincidus (lefl center), cirmocunmdes (b Conbrh, and CiFfE WHCTHKE [penter
ahove cumanlur and mght center)

Figure 11  Curmalonimbus calvus: this rapidly changing and expanding cumalonisbig loud
i3 in the short-lived calvus stage whene fibrousness of the top is just beginning 1o be appareni
Mo strong rairshalt has vel appeared below base, though the careful ey can see that
considerable ice has already formed aloft Cright half of closd), An infense ranshaft emerged
below clond bose a few mimuies after this phoiograph was taken.
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Figare 12 Cumulus congestas, cumboninis catvis, and camefonimbas capilens. nthis
lifie of convection north of Seawle, WA, (nooprecipitaging] cunmuius comgeshes chowds
comprise the Left side of the line, while in the center & taller single tummes heas emnerped and
peached the cmmfesimbus cohace siage, The right third of the photograph shows o
cumalonimbaer capillpnes, the stage thal falloses the calvis stage. a the capillaus stage, m
ihis insiomoe consisting of a conglomerate of arrels, the fops v lost thew comipact
cumuliform look snd are clearly fibrous and sy, Strands of precipitation are fallmg bl
the bases of hoth mpes of cumadoiimbuy clouds.

a large, fightly packed, and hard-sppearing cauliflower mass that rodls upward with
Lietle nuroet differentiton,

Price 1o reaching the cummdonimbus stage, cumulis clouds are therefore
composed of droplets and contain very few precipitation-sized particles. Precipita-
tiom, hewever, usually begins to develop in clmulus congesiis clouds if they ane
more than about 3 km thick over land and about 1.5 to 2km thick over the oceans
(Ludhem, 1980; Wallace and Hobbs, 1977). The precipitation that falls may be
caused by collisions with coalescence of cloud drops in the upper portions of the
cloud or it may be a result of the formation of ice particles in clouds with cooler
bases, However, in the winter, even small cummdus clouds with tops eolder than
about —10 1o —15° € can produce virga, snow flurmies, or even pocumulating
amounts of spow, These kinds of small, cold-based, and precipitating cumupis
clouds are found in winter in such locations as the Great Lakes of the United
Siates, off the cast coasts of the continents, and over high mountains or dizsart
regicms (Rangno and Hobhs, 1994).
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Figare 13 . Cumaloninibus capillams incus: thas welldknmwn species of clslowisbis clood
-ihi.l |'ul-:-.J fibross and icy top, baat ot 18 mdrked by @ nolosable fattening there, Incus trapskaies
o “anwil.” These types of ewmfodimbny clouds sapgest that the convection has sparmed ihe
entire trpesphers

|F:-al|.:l?lllu:=_nl precipitation beging o develop in deep cusncdes clouds, they quickly
13_1-':_1:-:1 thz ':umill attributes of cimplonimbus clouds (Figs. 11-13}—a .~r1m-:u.:_ pruu;-
putation shafl is seen below clowd base with a cloud top that is soft, fibrous -I'1:n-ir.|.:
of wispy. The visual transition to a softer, fibrous appearance in the upper -*;miu-m ;r
cumdlies clouds is cawsed by the lowering of the concentrations of the |:ur1;|.-le~; from
hundreds of thousands per liter of relatively small cloud droplets (= .:"'IZF-|.|r|1
d:um!n:n.'r]. fo only tens t hundreds per liter of much larger (millimeter-sized) preci-
pitation-sized particles (ram drops or e particles). These larger particles tend o fll
i filaments and help produce o siriafed appearance. i . =
Y In tl_‘lr.‘ period while this iransformation is taking place and the fibrousness s just
I::-I"IG:IZ::II'H :TEE;I::-I’I:L\' .:II::::1I.:.H 1|.'Il:“I1.Ip-|‘+:r |::l:l|'-._t|'.ll.l.!.~ of a 4mr.lle:."ri.'-.rr:l.':l_s_'r.'.:.'u'r cloud, the
: f <lwved penod of its lifeoycle when it is referred o a5 a
-"-'f-'-ll_é-rJrJ-'I-'h'J-’Jm cthvies {“bald™) clowd. At this same time, a concentrated precipitation
h|1i11'iln1u}' mot be present yet or is just emerging below the cloud base (Fig, | ;'u
‘-’-h'm_ the fibrousness of ithe wpper portion of the cloud is fully apparent -.151.:
cuniulonimbny cloud has transitioned 1o a cumpdonimbus capillanus (hair) in u:hi;.-h
MRSt o all of its upper portion consists of ice crystals and snowflakes (Figs. 12 and
13). In the tropics or in warm bumid air masses, this visual lnL1|x|En'rn@1tinﬂ- ;Im
Lﬂ.'nlrs_l:-ul can be due solely w the evaporation of the smaller drops leaving drizzle
anil rH-1l-'ll-‘Il-'I!I'pﬁ rither than ice and snow in smaller cimilonisibas closds, C'u.l.rrl.'j'.-_:
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ninthies capifians clouds span a wide range of depths, from miniature vul-gims only
aboat 2 km deep in polar air masses over the oceans, 1o as msch as 20km in the most
severe thunderstorms in equitorial regions, eastern China in the SUMITRET, ared the
plains and southeast regions of the United States. If a pronounced flattening of the
top develops into a spreading anvil then the cloud has pchieved the status of a
eumulonimbus capiliatus ircus (incus menning “anvil™ ). _

Hail or graupel {soft hail) are usually found, if not at 1_he ground, then aloft in
virtually all cumulonimbus clouds that reach above freezmg level Updmfls may
reach tens of meters per second in cumulis and cumulonimbus clouds, pan:cu_lnri_‘y
in warm air masses. These updrafts lead to large amounts of condensation and liquid
water content. Depending on how warm the ¢loud base i5, the mi-:}-:ll-.- el uppeer
building portiens of deep cumadus clouds might contain 1 1o Sam™ I:If:;!-l.:lrldé‘l::lﬂfd.
water in the form of cloud droplets and raindrops. Supercooled water concentranons
of these magnitudes are sufficient to canse a buildup of about | em or more of ice
buildup on an airfframe for every one to bwe minues in eloud. Therefore, ﬂm’:jr are
avoided by aircraft. Cumulonimbus clouds are the only cloods, by definition, that
produce lighting, If lightning is observed, the cloud type producing # i% automa-
tically designated o cumulomimbis.,
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