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XVIII. On the Modifications of Clouds, and on the Prine
ciples of their Production, Suspension, and Destruction }
being the Substance of an Essay read before the Askesian
Society in the Session 1802-3. By Luke HowaRD,
Esq.*

SIN CE the increased attention which has been given to
meteorology, the study of the’ various appearances of water
suspended 1n the atmosphere is become an interesting and
even necessary branch of that pursuit.

If clouds were the mere result of the condensation of va-
pour in the masses of atmosphere which they occupy, if
their variations were produced by the movements of the at-
mosphere alone, then indeed might the study of them be
deemed an useless pursuit of shadows, an attempt to de-
scribe forms which, being the sport of winds, must be ever
varying, and therefore not to be defined.

But however the erroneous admission of this opinion may
have operated to prevent attention to them, the case 1s not
so with clouds. They are subject to certain distinct modifi=
cations, produced by the general causes which effect all the
variations of the atmosphere: they are commonly as good
visible indications of the operation of these causes as is the
countenance of the state of a person’s mind or body.

It is the frequent observation of the countenance of the
sky, and of its connection with the present and ensuing phe-
nomena, that constitutes the antient and popular meteoro-
logy. The want of this branch of knowledge renders the
predictions of the philosopher (who in attending only to
his instruments may be said only to examine the pulse of
the atmosphere) less generally successful than those of the
weather-wise mariner or husbandman.

With the latter, the dependence of their labours on the
state of the atmosphere, and the direction of its currents,
creates a necessity of frequent observation, which in its turn
produces experience.

But as this experience is usually consigned only to the
memory of the possessor, in a confused mass of simple apho-
risms, the skill resulting from it is in a manner incommu-
nicable ; for, however valuable these links when in connec-
tion with the rest of the chain, they often serve, when taken
singly, only to mislead ; and the power of connecting them,

* Communicated by the Auathor.
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in order to form a judgment upon occasion, resides only in
the mind before which their relations have passed, though
perhaps imperceptibly, in review. In order to enable the
meteorologist to apply the key of analysis to the experience
of others, as well as to record his own with brevity and pre-
cision, it may perhaps be allowable to introduce a methodi-
cal nomenclature, applicable to the various forms of sus-
pended water, or, in other words, to the modifications of
cloud.

By modification is to be understood simply the structure
or manner of aggrefation, not the precise form or magni-
tude, which indeed varies every moment in most clouds.
The principal modifications are’ commonly as distinguish-
able from each other as a tree from a hill, or the latter from
a lake; although clouds in the same modification, considered
with respect to each other, have often only the common
resemblances which exist among trees, hills, or lakes, taken
generally.

The nomenclature is drawn from the Latin. The reasons
for having recourse to a dead language for terms to be
adopted by the learned of different nations are obvicus. If
it should be asked why the Greek was not preferred, after
the example of chemistry, the author answers, that the ob-
jects being to be defined by visible characters, as in natural
history, it was desirable that the terms adopted should at
once convey the 1dea of these, and render a recourse to de-
finitions needless to such as understand the literal sense,
which many more would, it is concluded, in Latin than in
Greek words.

There are three simple and distinct modifications, in any
one of which the aggregate of minute drops called a cloud
may be formed, increase to its greatest extent, and finally
decrease and disappear.

But the same aggregate which has been formed in one
modification, upon a change in the attendant circumstances,
may pass into another.

Or it may continue a considerable time in an intermediate
state, partaking of the characters of two modifications ; and
it may also disappear in this stage, or return to the first mo-
dification.

Lastly, aggregates separately formed in different modifi-
cations may unite and pass into one exhibiting different
characters in different parts, or a portion of a simple ag-
gregate may pass into another modification without sepa-
rating from the remainder of the mass.

Hence; together with the simple, it becomes necessary ta

admit
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admit intermediate and compound modifications, and to
impose names on such of them as are worthy of notice.

The simple modifications are thus named and defined :

1. Cirrus. Def. Nubes cirrata, tenuissima, quée un-
dique crescat,

Parallel, flexuous, or diverging fibres, extensible in any
or in all directions.

2. Cumurus. Def. Nubes cumulata, densa, sursum
crescens.

Convex or conical heaps, increasing upward from a ho-
rizontal base.

3. StraTus. Def. Nubes strata, aqua modo expansa,
deorsum’crescens.

A widely extended, continuous, horizontal sheet, in-
creasing from below.

This application of the Latin word stratus is a little
forced. But the substantive, stratum, did not agree in its
termination with the other two, and is besides already used
in a different sense even on this subject, e. g. a stratum of
clouds ; yet it was desirable to keep the derivation from the
verb sterno, as its significations agree so well with the cir-
cumstances of this cloud.

The intermediate modifications which require to be no-
ticed are:

4. Cirro-cumuLus. Def. Nubecule densiores subro
tundz et quasi in agmine appositee.

Small, well defined roundish masses, in close horizontal
arrangement.

5. Cirro-sTraTUS. Def. Nubes extenuata sub-concava
vel nndulata.  Nubecule hujus modi appositee.

Horizontal or slightly inclined masses, attenuated towards
a part or the whole of their circumference, bent down-
ward, or undulated, separate, or in groups consisting of
small clouds having these characters.

The compound modifications are :

6. CumuLo-straTUS. Def. Nubes densa, basim pla-
nam undique supercrescens, vel cujus moles longinqua vi--
detur partim plana partim cumulata.

The cirro-stratus blended with the cumulus, and either
appearing intermixed with the heaps of the latter or su-
peradding a wide-spread structure to 1ts base.

7. CuMULO-CIRRO-STRATUS vel Nimeus. Def. Nubes
vel nubium congeries pluviam effundens.

The rain cloud. A cloud or system of clouds from which
rain is falling. It is a horizontal sheet, above which the

G 2 cirrus
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citrus spreads, while the cumulus enters it laterally and
from beneath.

Of the Cirrus.

Clouds in this modification appear to have the least den-
sity, the greatest elevation, and the greatest variety of extent
and direction. They are the earliest appearance after sefens
weather. They are first indicated by a few threads pen-
cilled, as it were, on the sky. These increase in length,
and new enes are in the mean time added laterally. Often
the first-formed threads serve as stems to support numerous
braniches; which in their tarn give rise to others.

The increase is sometimes perfectly indeterminate, at
others it has a very decided direction. Thus the first few
threads being once formed, the remainder shall be propa-
gated either in one, two, ot more directions laterally, or
obliquely upward or downward, the direction being often
the same in a great number of clouds visible at the same
time: for the oblique descending tufts shall appear to con-
verge towards a point in the horizon, and the long straight
streaks to meet in opposite points therein ; which 1s the op-
tical effect of parallel extension.

Their duration is uncertain; varying from a few minutes
after the first appearance to an extent of many hours. It is
long when they appear alone and at great heights, and
shorter when they are formed lower and in the vicinity of
other clouds.

This modification, although in appearance almost mo-
tionless, 18 intimately connected with the variable motions
of the atmosphere. Considering that clouds of this kind
have long been deemed a prognostic of wind, it is.extraor-
dinary that the nature of this connection should not have
been more studied, as the knowledge of it might have been
productive of useful results.

In fair weather, with light variable breezes, the sky is
seldom quite clear of small groups of the obhque cirrus,
which frequently come on from the leeward, and the direc-
tion of their increase is to windward. Continued wet wea-
ther is attended with horizontal sheets of this cloud, which
subside quickly and pass to the cirro-stratus.

Before storms they appear lower and denser, and usually
in the quarter opposite to that from which the storm arises.
Steady high winds are also preceded and attended by streaks
running quite across the sky in the direction they blow in.

The relations of this modification with the state of the.

barometer,
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barometer, thermometer, hygrometer, and electrometer,
have not yet been attended to.

Of the Cumulus.

Clouds in this modification are commonly of the most
dense structure : they are formed in the lower atmosphere,
and move along with the current which is next the earth.

A small irregular spot first appears, and is, as it were, the
nucleus on which they increase.  The lower surface conti-
nues irregularly plane, while the upper rises into conical or
hemispherical heaps; which may atterwards continue long
nearly of the same bulk, or rapidly rise to mountains.

In the former case they are usually numerous and near
together, in the latter few and distant; but whether there
are few or many, their bases always lie nearly in one hori-
zontal plane, and their mcrease upward is somewhat pro-
portionate to the extent of base, and nearly alike in many
that appear at once.

Their appearance, increase, and disappearance, in fair
wedther, are often periodical, and keep pace with the tem-
perature of the day. Thus they will begin to form some
hours after sun-rise, arrive at their maximum in the hottest
part of the afternoon, then go on diminishing and totally
disperse about sun-set.

But in changeable weather they partake of the vicissitudes
of the atmosphere ; sometimes evaporating alnost as soon
as formed, at others suddenly forming and as quickly pass-
ing to the eompound modifications.

The cumulus of fair weather has a moderate elevation
and extent, and a well defined rounded surface.  Previous
to rain it increases more rapidly, appears lower in the at-
mosphere, and with its surface full of loose fleeces or pro-
tuberances,

The formation of large cumuli to leeward in a strong
wind, indicates the approach of a calm with rain. When
they do not disappear or subside about sun-set, but conti-
nue to rise, thunder is to be expected in the night.

Independently of ‘the beauty and magnificence it adds to
the face of nature, the cumulus serves to skreen the earth
from the direct rays of the sun, by its multiplicd reflections
to diffuse, and, as it were, economise the light, and also to
convey the product of evaporation to a distance from the
place of its origin.  The relations of the cumulus with the
state of the barometer, &c. have not yet been enough at-
tended to.

G 3 of
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Of the Stratus.

This modification has a mean degree of density.

It is the lowest of clouds, since its inferior surface com-
monly rests on the earth or water.

Contrary to the last, which may be considered as be-
longing to the day, this is properly the cloud of night;
the time of its first appearance being about sun-set. It
comprehends all those creeping mists which in calm even-
ing ascend in spreading sheets (like an inundation of water)
from the bottom of valleys and the surface of lakes, rivers,
&e.

Its duration is frequently through the night.

On the return of the sun the level surface of this cloud
begins to put on the appearance of cumulus, the whole at
the same time separating from the ground. The continuity
is next destroyed, and the cloud ascends and evaporates, or
passes off with the appearance of the nascent cumulus.

This has been long experienced as a prognostic of fair
weather *, and indeed there is none more serene than that
which is ushered in by it. The relation of the stratus to
the state of the atmosphere as indicated by the barometer,
&c. appears notwithstanding to have passed hitherto with-
out due attention.

Of the Cirro-cumadus.

The cirrus having continued for some time increasing or
stationary, usually passes either to the cirro-cumulus or the
cirro-stratus, at the same time descending to a lower station
in the atmosphere.

The cirro-cumulus i1s formed from a cirrus, or from a
number of small separate cirri, by the fibres collapsing
as it were, and passing into small roundish masses, in which
the texture of the cirrus is no longer discernible, although
they still retain somewhat of the same relative arrangement.
This change takes place either throughout the whole mass
at once, or progressively from one extremity to the other,
In either case, the same effect is produced on a number of
adjacent cirri at the same time and in the same order. It
appears in some instances to be accelerated by the approach
of other clouds.

This modification forms a very beautiful sky, sometimes
exhibiting numerous distinct beds of these small connected
clouds, floating at different altitudes.

* At nebule magis ima petunt, campoque recumbunt.
Virgil. Georg., lib. i.
The
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The cirro-camulus is frequent in summer, and 1s attend-
ant on warm and dry weather. It is also occasionally and
more sparingly seen in the intervals of “showers, and in
winter *. It may either evaporate, or pass to the cirrus or
cirro-stratus.

Of the Cirro-stratus.

This cloud appears to result from the subsidence of the
fibres of the cirrus to a horizontal position, at the same time
that they approach towards each other laterally. The form
and relative position, when seen in the distance, frequently
give the idea of shoals of fish. Yet in this, as in other in-
stances, the structure must be attended to rather than the
form, which varles much, presenting at other times the
appearance of parallel bars, interwoven streaks like the
grain of polished wood, &c. It is always thickest in the
middle, or at one extremity, and extenuated towards the
edge. The distinct appearance of a cirrus does not always
precede the production of this and the last modification.

The cirro-stratus precedes wind and rain, the near or di-
stant approach of which may sometimes be estimated from
its greater or less abundance and permanence. It is almost
always to be seen in the intervals of storms. Sometimes
this and the cirre-cumulus appear together in the sky, and
even alternate with each other in the same cloud, when the
different evolutions which ensue are a curious spectacle, and
a judgment may be formed of the weather likely to ensue
by observing which modification prevails at last. The cirro~
stratus is the modification which most frequently and comn-
pletely exhibits the phenomena of the solar and lunar halo,
and (as supposed from a few observations) the parhelion and
paraselene also. Hence the reason of the prognostic for
foul weather, commonly drawn from the appearance of

halo t.
This

% The following passage is beautifully descriptive of the appearance
of this modification by moonlight :
For yet above these wafted clouds are seen
(In a remoter sky, still more serene)
Others, detached in ranges through the air,
Spotless as snow, and countless as they're fair;
Scatrer’d immensely wide from ezst to west,
The beauteous semblance of a flock at rest,
These to the ra, tur’d mird aloud prochim
"Their mighty shepherd’s everlasting name.
Bloomficld s Farmer's Boy, Winter,

+ The frequent appearance of halo in this cloud may be attrnbuted to
its possessing great extent, at such times, with lictle perpendicular depth,
G4 and
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This modification 1s on this account more peculiarly
worthy of investigation. Little is yet ascertained of the re-
lations of this and the last modification with the barometer,
&c. although, as may be readily supposed, they have been
found to accord with opposite indications of those instru-
ments.

Of the Cumulo-stratus.

The different modifications which have been just treated
of sometimes give place to each other, at other times two
or more appear inn the same sky ; but in this case the clouds
in the same modification lie mostly in the same plane of
elevation, those which are more elevated appearing through
the intervals of the lower, or the latter showing dark against
the lighter ones above them. When the cumulus increases
rapidly, 4 cirro-stratus is frequently seen to form around its
summit, reposing thereon as on a mountain, while the for-
mer cloud continues discernible in some degree through it.
This state continues but a short time. The cirro-stratus
speedily becomes denser and spreads, while the supetior

art of the cumulus extends itself and passes into it, the
ﬁase continuing as before, and the convex protuberances
changing their position till they present themselves late~
rally and downward. More rarely the cumulus alone per-
forms this evolution, and its superior part constitutes the.
incumbent cirro-stratus.

In either case 'alarge lofty dense cloud is formed, which
may be compared to a mushroom with a very thick short
stem. But when a whole sky is crowded with this modifi-
cation, the appearances are more indistinct. The cumulus
rises through the interstices of the superior clouds, and the
whole, seen as it passes off in the distant horizon, presents
to the fancy mountains covered with snow, intersected with
darker ridges and lakes of water, rocks and towers, &ec.
The distinct cumulo-stratus is formed in the interval be-
tween the first appearance of the fleecy cumulus and the

and that degree of continuity of substance which seems requisite to the
phanomenon. There is also probably some additional peculiarity of
structure in it not yet attended to.

The following ltoes of Virgil seem to relate to an effect of the cirro-
stratus, which in this country 1s'more often to be observed on the serting
sun:

lle ubi nascentem maculis variaverit ortum
Conditus in nubem, mediogue refugeris orbe,
Suspecti tibi sint Zméres : namque vrget ab alto
Arboribusque satisque Norus, pecorique sinister.
Georgic. 1ib. 1.

commencement
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commencement of rain, while the lower atmosphere is yet
too dry; also during the approach of thunder storms : the
indistinct appearance of it is chiefly in the longer or shorter
intervals of showers of rain, snow, or hail.

The cumulo-stratus chiefly affects a mean state of the
atmospliere as to pressure and temperature ; but in this re-
spect, like the other modifications, it affords much room
for future observation.

Of the Nimbus, or Cumulo-cirro-stratus.

Clouds in any one of the preceding modifications, at the
same degree of elevation, or in two or more of them, at
different elevations, may increase so as completely to ob-
scure the sky, and at times put on an appearance of density
which to the inexperienced observer mdicates the speedy
commencement of rain. It is nevertheless extremely pro-
bable, as well from attentive observation as from a consi-
deration of the several modes of their production, that the
clouds while in any one of these states do not at any time
let fall rain.

Before this effect takes piace they have been uniforml
found to undergo a change, attended with appearances suf}.-’-
ficiently remarkable to constitute a distinct modification.
These appearances, when the rain happens over our heads,
are but imperfectly seen. We can then ongr observe, be-
fore the arrival of the denser and lower clouds, or through
their interstices, that there exists at a grealer altitude a
thin light veil, or at least a hazy turbidness. When this
has considerably increased we see the lower clouds spread
themselves till they unite in all points and form one uni-
form sheet. The rain then commences, and the lower
clouds, arriving from the.windward, move under this sheet
and are successively lost m it. When the latter cease to
arrive, or when the shect breaks, every one’s experience
teaches him to expect an abatement or cessation of rain.

But there often follows, what seems hitherto to have been
unnoticed, an immediate and great addition to the quantity
of cloud. At the same time the actual olscurity is lessened,
because the arrangement, which now returns, gives freer
passage to the rays of light: for on the cessation of rain
the lower broken clouds which remain rise into cumuli,
and the superior sheet puts on the various forms of the cirro-

stratus, sometimes passing to the cirro-cumulus.
1f the interval be long before the next shower, the cumulo-
stratus usually makes 1ts appearance, which 1t also does
sometimes very suddenly after the first cessation. B
ut
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But we see the nature of this process more perfectly in
viewing a distant shower in profile.

If the cumulus be the only cloud present at such a time,
we may observe its superior part to become tufted with nas-
cent cirri.  Several adjacent clouds also approach and unite
laterally by subsidence.

The cirri increase, extending themselves upward and la-
terally, after which the shower is secen to commence. At
other times the converse takes place of what has been de-
scribed relative to the cessation of rain. The cirro-stratus
is previously formed above the cumulus, and their sudden
union is attended with the production of cirri and rain.

In either case the cirri vegefate, as it were, in proportion
to the quantity of rain falling, and give the cloud a cha-
racter by which it is easily known at great distances, and
to which, in the language of meteorology, we may appro-
priate the nimbus of the Latins ¥,

‘When one of these arrives hastily with the wind it brings
but little rain, and frequently some hail or driven snow.

In heavy showers, the central sheet once formed, 1s, as it
were, warped to windward, the cirri being propagated abhove
and against the lower current, while the cumuli arriving
‘with the latter are successively brought to and contribute to
reinforce it.

Such are the phenomena of showers. In continued
gentle rains it does not appear necessary for the resolution
of the clouds that the different modifications should come
into actual contact.

It 1s sufficient that there exist two strata of clouds, one
passing beneath the other, and each continually tending to
horizontal uniform diffusion. It will rain during this state
of the two strata, although they should be separated by an
interval of many hundred feet in elevation. See an instance
in De Luc, Idées sur la Météorologie, tom. ii. p. 52, &c.

As the masses of cloud are always blended and their ar-
rangement destroyed before rain comes on, so the reappear-
ance of these is the signal for its cessation. The thin sheets
of cloud which pass over during a wet day, certainly receive
from the humid atmosphere a supply proportionate to their
consumption, while the latter prevents their increase in
bulk. Hence a seeming paradox, which yet accords strictly

with observation, that for any given hour of a wet day, or
any given day of a wet season, the more cloud the less rain.

#* Qual s ubi ad terras abrupto sydere #imbus
It mare per m-dium, miseris heu prescia longe
Horrescunt corda agricolis,
Hence
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Hence also arise some further reflections on the purpose an-
swered by clouds in the ceconomy of nature. Since rain
may be produced by, and continue to fall from, the slightest
obscuration of the sky by the nimbus (that 1s, by two sheets
in different states), while the cumulus or cumulo-stratus,
with the most dark and threatening aspect, shall pass over
without letting fall a drop, until their change of state com-
mences ; 1t should seem that the latter are reservoirs in
which the water 1s collected from a large space of atmo-
sphere for occasional and local irrigation in dry seasons,
and by means of which it is also arrested at times in its
descent in the midst of wet ones®*. In which so evident
provision for the sustenance of all animal and vegetable life,
as well as for the success of mankind in that pursuit so es-
sential to their welfare, in temperate climates, of cultivat-
ing the earth, we may discover the wisdom and goodness
of the creator and preserver of all things }.

The nimbus, although in itself one of the least beautiful
clouds, is yet now and then superbly decorated with its at-
tendant the rainbow ; which can only be seen in perfection
when backed by the widely extended uniforin gloom of this
modification .

The relations of rain, and of periodical showers more
especially, with the varying temperature, density, and elec-
tricity ot the atmosphere, will probably now obtain a fuller
mvestigation, and with a better prospect of success, than
heretotore.

{To be continued; when Plates of the different Modifications will
be given.]

XIX. Researches respecting the Organization of Leaves.
By A. JuriNg, Memler of the Society of Physics and
Natural History of Geneva.

| Conunued from p- 55 ]

HAV"ING described the organization of the surface of
leaves such as I observed it, I shall proceed to their in-
terior organization, omutting at present the different vessels
found there, and which will be described in the second part,
of this memoir.

The authors who speak of the parenchyme describe it in
so many different ways that it secms difficult to form a just

* Nulla dizs adeo est Australibus humida nimbis
Non intermissis ut fluat imber aqurs.

+ See on this subject Job, chap. xxxvii and xsxviii,

1 Bibit ING NS arcus, says Virgil, in enuinerating tlhie prognostics of
continued rain.

idea



