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PREFACE

This text-book has been prepared for the use of cooperative
observers and for the instruction of students in meteorology and
aeronautics. It is essentially a laboratory manual.

Part I is an elementary synopsis of the general principles of air
science, but is not wholly restricted thereto. The subject of
atmospheric transparency and the principles of visibility may
not be logically a part of meteorology, but it is one of great impor-
tance, not only to air men, but also to every one engaged in
transportation. The chapter on the dust content of the air in
part summarizes the researches of author in this field.

Part II is descriptive of the instruments used in meteorology
and the construction and care of them. The methods of obser-
vation discussed is a résumé of the experience of many observers

.covering a period of half a century. This part of the text is
specifically designed for the use of cooperative observers and
students.

The Appendix contains conversion and other useful tables
that are not included in the Circulars of Instruction published by
the U. S. Weather Bureau. English units of measurement are
used throughout the book, but the metric equivalents are used
when necessary.

In the final revision of the text, the author desires to express
his appreciation for the counsel received from James H. Scarr,
forecaster in charge of the New York City Weather Bureau
Office, and to J. H. Kimball of the same office in charge of marine
work. Acknowledgments are due to Dr. Charles F. Brooks,
editor of the Monthly Weather Review, for the cloud photographs
used, and also for his critical knowledge of cloud science; to Dr.
W. J. Humphreys for the use of illustrations in his Physics of the
Air; and to Charles Scribner’s Sons for the use of illustrations
taken from Redway's Physical Geography.

METEOROLOGICAL LABORATORY
Mount Vernon, N. Y.
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METEOROLOGY
¢ ' PART I

CHAPTER 1
THE ATMOSPHERE: ITS CONSTITUENTS

Meteorology is the science of the air. The air is the outer
shell, or layer, of the earth; hence it is called the atmosphere,
a Greek word meaning ‘“‘air-sphere.” The movements of the air
(the winds) and the variable proportion of water vapor, mingled
with and forming a part of it, exert a profound influence which
affects the climate, habitability and civilization of the earth.

For the greater part the movements of the air and the varia-
tions in the proportion. of moisture are the results of changes
in temperature. The fundamental study of the physics of the
air, therefore, concerns the problems of variations in tempera-
ture and the far-reaching results of those variations.

Composition.—The atmosphere consists of a mixture of
gases of which oxygen, nitrogen and the argon group constitute
about 98 per cent.! The composition varies very slightly so far
as these are concerned; but the proportion of water vapor and
of the other components varies materially. The first of the two
tables which follow is the average of many analyses made by
Rayleigh and Ramsay; the second is on the authority of Hum-
phreys. Other analyses show slight differences that indicate
actual differences in proportion rather than errors in analyses.

1 The argon group consists of argon, krypton, xenon, and neon. Two
other very rare elements, coronium and niton, are probable constituents of
the air.
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The values of all except the first three are variable; that of.
floating dust, hydrogen, and helium is empiric and calculated.

The values determined by Humphreys, are those of air from
which the water vapor has been removed—that is, of dry air.
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The foregoing represent the proportions at the surface of
the earth. The proportions change with increasing altitude.’
The nitrogen disappears at a calculated height of 84 miles; the
oxygen, at about 60 miles. Water vapor is calculated to exist
at an altitude of 60 miles, but it is not observable above 7 or 8
miles. Carbon dioxide is not observable above an altitude of
2 or 3 miles; theoretically it may extend to a calculated height
of more than 15 miles. The proportion of hydrogen and helium,



DEPTH OF THE ATMOSPHERE 3

on the other hand, increases with altitude, and they probably
form the outer layer of the atmosphere.! Because of their light-
ness it is not unlikely that hydrogen and helium are gradually
escaping from the earth. )

Constituents Parts 1n one
million of air

Nitrogen. .................. 771,200
Oxygen............coounn.. 206,600
Argon group (approximately). . 7,900
Water-vapor............ e 13,953
Carbon dioxide.............. 336
Ozone............... e 12
Nitric and nitrous oxides . .. .. 8
Ammonia................... 1
Dust, hydrogen, helium. . . ... 1(?)

Depth of the Atmosphere.—Observations on the twilight
arch indicate that at a height of 40 miles above sea level the
air has a density sufficient to refract, reflect, and diffract light. A
measurement of the parallax of a meteor seen by two observers

Constituents Per cent
Nitrogen. .................. 78.03
Oxygen...........coovvnnn. 20.99
Argon...................... 0.94
Carbon dioxide.............. 0.03
Hydrogen.................. 0.01

Neon...................... 0.0012
Helium..................... 0.0004

at different stations indicates the existence of air at a height of
200 miles. Actual measurements, however, have not extended
much higher than 20 miles, the height to which sounding
balloons have reached.

At an altitude varying approximately from 6 to 7 miles,
according to latitude and also according to the season, a plane
of contact occurs which apparently separates an upper from a

1 The foregoing are on the authority of W. J. Humphreys.
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lower shell of air. Below this plane practically all the local
movements, especially the upward and downward, or convec-
tional movements of the air occur. The lower or convectional
shell is the troposphere; the upper shell is the stratosphere.

Constituents of the Air.— Nitrogen, the constituent of great-
est volume at the surface of the rock sphere, is very inert. It
does not combine with the oxygen of the air, except in very
minute quantities when influenced by lightning discharges.
The nitrogen of the air is now used in the manufacture of am-
monium nitrate, the basis of certain explosives. Nitrogen is
the chemical base of nitric acid, HNOs, and of several other
oxygen compounds. It is a constituent of ammonia gas, NHj,
and of cyanogen, CN, all of which enter into the structure of
many thousand other compounds. Many of these compounds
are very unstable; hence the rapid decomposition of animal and
vegetable compounds, commonly known as putrefactive decay.
The instantaneous dissociation of the nitrogen constituents of
such compounds as nitroglycerine and tri-nitrotoluol, or TNT,
give to such compounds their value as explosives.

Atomic weight 13.93; sp. gr. .971; temperature of liquefac-
tion —231° F (—146° C) at 35 atmospheres pressure.!

Oxygen is the active chemical element of the air. It unites
readily with pretty nearly every other chemical element. Its
union with carbon is the ordinary process of combustion. Iron
wire in free oxygen burns about as freely as a match in the open
air. The oxygen of respiration oxidizes the impurities of the
blood.

The percentage of oxygen is slightly greater in the air of
northerly winds of the north temperate zone than in southerly
winds. It is slightly below normal over cities, as compared with
open spaces. In crowded auditoriums the proportion of oxygen
sometimes falls to.20 per cent; in mine tunnels it is sometimes
as low as 18 per cent. Candles burn with difficulty with the
oxygen content at 18 per cent; and human life cannot long
exist with the proportion of oxygen as low as 17 per cent.

Atomic weight 15.88; sp. gr. 1.106; temperature of liquefac-
tion —182° F (119° C) at 51 atmospheres.

Carbon dioxide (carbonic acid gas), COg, is the heaviest

1 The temperature and pressure of liquefaction of the gases mentioned in
this chapter vary slightly according to different authorities.
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gaseous constituent of the air. It is derived from carbon in the
ordinary process of combustion:

C+20=CO0;

It is also derived from various hydrocarbons of rotting vegeta-
tion by dissociation and combustion, as, for instance, methane
(marsh gas):

CH4+40=C02+2H20

The normal proportion of carbon dioxide in the air is about
3.3 parts in 10,000 of air. In manufacturing districts, where
coal is used for power-fuel, the proportion is greater. In the
bracing air of a cold wave it is materially less. It is less during
winter, when the temperature is below freezing and the ground
is snow-covered, than in summer. Over the land the proportion
is slightly greater at night than in the day-time, and during
foggy weather it is materially greater than in dry weather.

In theaters, churches, schoolrooms, and poorly ventilated
rooms the proportion of carbon dioxide may be as high as 12
parts per 10,000 of air; occasionally it is even greater. Breathed
air is harmful, not so much on account of its carbon dioxide
content as on account of the presence of products of putrefac-
tion. Although carbon dioxide exists in the air at a calculated
height of 15 miles, the proportion decreases so rapidly that it
may be disregarded as a component of the air above the height
of 1 mile. :

_ Sp. gr. 1.53; liquefies and solidifies with moderate pressure
at ordinary temperatures. '

Water vapor in varying proportions is a constituent of the
air. The maximum proportion depends chiefly on temperature.
Thus at 30° F there may be nearly 2 grains by weight of water
vapor per cubic foot; at 70° F, there may be nearly 8 grains.
There may be less in either case, but there cannot be more;
any excess will be condensed. When the maximum proportion
is present the air is conveniently said to be ‘‘saturated.” ! The

1 According to common use air is said to ‘‘contain water vapor” or to be
‘“saturated” under certain conditions, as though the air were a sponge,
which may absorb and retain water up to a certain limit. The expression is

inexact; but, in the literature of meteorology, inasmuch as the water vapor is
rarely considered apart from the other constituents of the air, expressions
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table, p. 280, shows the maximum weight of water vapor at
different temperatures.

Although the proportion of water vapor mingled with the
air differs from time to time, the per cent of total volume
decreases from the equator toward the poles. The average
annual per cent at the equator is 2.63; in latitude 70° it is
only 0.22.! The proportional water vapor content of the air is
commonly expressed as ‘‘per cent of humidity.” Thus, with
half the maximum proportion of vapor, the humidity is 50 per
cent.

Sp. gr. 0.62; “boils’” with vapor tension equal to that of the
air at sea level, at 212° F (100° C); solidifies or ‘‘freezes’ at
32° F (0° C).

Argon and the related group of elements, neon, krypton and
xenon, constitute practically 8 parts per thousand of air. The
gases of the argon group are chemically inert; no compounds
with other elements are known to exist. This'is true also of the
other elements of the group. If they have any specific influence
not possessed by nitrogen, the influence is not known.

Atomic weight of argon 39.88; sp. gr. 1.21; liquefies at
—~184° F (—120° C) under pressure of 40 atmospheres.

Hydrogen is the lightest of the chemical elements, and the
weight of its atom is the unit of atomic weights. Ignited with
oxygen it forms water:

2H+0=H20

Hydrogen is a constituent of all- chemical compounds con-
taining water, and of the various hydrides and hydrates. It
occurs in the lower air in variable but very minute proportions
which may be due to the chemical dissociation of organic matter.
It is a constituent of natural gases, and of certain volcanic

of the sort are convenient and will be so used in this manual. In a given
space, whether vacuous or filled with the other constituents of the air, there
may be a certain number of molecules of water vapor at a given temperature
and pressure, and no more. If additional molecules are added the excess
will be “condensed”” and become a liquid. The water vapor is at its maxi-
mum density, and also it is ‘‘saturated,” when the space contains all the
water vapor which can exist therein up to the point of saturation. Strictly
spe.ki..g, it is the vapor itself and not the space, nor the air which is *“satu-
rated.” .
1Hann: Lehrbuch der Meteorologie.
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gases. The proportion increases as the height in the air
increases. On account of its lightness meteorologists are of the
opinion that the rapid movement of the earth in space is con-
stantly throwing it off into space. At all events, there seems to
be sufficient evidence that it is the chief if not the sole con-
stituent of the outer part of the atmosphere. It is much used
for the inflation of balloons and airships, being about 15 times
as buoyant as air.

Atomic weight 1; sp. gr. 069; liquefies at about —375° F
(—226° C) under a pressure of 15 atmospheres.

Helium is another inert element. It is a constituent of
several minerals, including pitchblende, an oxidé of uranium.
It occurs by absorption in many deep rocks and also in the gases
that escape from deep springs. Cottrell discovered it in the
proportion of about 2 per cent in certain Texas gas wells. Be-
cause it is non-explosive and non-inflammable, it has been used -
in the inflation of balloons. Its buoyancy is about 92 per cent
of that of hydrogen and it does not readily pass through balloon
fabrics. Because of its lightness and also.its high molecular
speed, it is thought ta occur chiefly in the outer shell of the
atmosphere—possibly escaping from the earth altogether. If
it plays any part in meteorological phenomena, its influence is
not known. . :

Atomic weight 4; sp. gr. approximately .128; liquefies at
—452° F (—269° C) at a pressure of about 3 atmospheres.

Nitric acid (HNO3) and ammonia (NHjs) are present in the
air in very minute proportions. Nitric acid is most readily
detected at the time of thunderstorms. From time to time
the proportions of these substances vary greatly from the pro-
portions noted iri the table. The presence of ammonia is due
probably to the decomposition of organic matter.

Ozone (O3) is an allotropic form of oxygen, whose normal
molecule is Oz. Ozone possesses a pungent odor that fre-
quently is discernible at the time of nearby lightning discharges
. and the passage of high-potential electric sparks. The normal
proportion in the air is exceeded many times over during thun-
der:storms. )

The proportion of ozone varies with environment. It.is
greater over the sea than over the land—possibly due to the
lack of oxidizable matter; and this may explain its greater pro-
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portion in winter than in summer. The proportion is greater
on clear, dry days than during cloudy spells. The daily varia-
tions of the ozone content of the atmosphere seem to correspond
to the variations of the atmospheric electric potential.

Dust particles so fine that they escape measurement
even with the highest power of the microscope, must be con-
sidered a part of the normal content of the atmosphere. Their
presence is indicated by the fact that they may reflect enough
light to make them visible en masse when a powerful light is
turned upon them in a darkened room, or when a searchlight
throws its beam at night. The path of the light is shown by
the light reflected from dust motes. Dust particles of the size
thus revealed behave like molecular rather than like matter of
molar sizes. They are floating matter, the particles of which
may not settle unless they are brought to the surface by means
other than their own gravity. :

The floating dust motes of the air are factors of great meteor-
ological importance. They are the nuclei upon which the water
vapor of the air condenses. Dense clouds of volcanic dust act .
as a screen preventing much of the sun’s heat from reaching
the earth. The dust particle is the normal nucleus for the
cloud particle. The flying, or windblown dust, though a highly
important physiographic agent is not a factor of importance in
meteorology.

Chlorine usually occurs in the air of localities bordering
upon the oceans, and sodium chloride reactions may be obtained
when sea winds are blowing inland. The presence of the salt
is due to the action of the wind which whips a small amount
of spray into the air. The chlorine content of the air apparently
plays no part in meteorology. Like smoke and chimney products
it may be regarded as ‘‘foreign’’ matter.

From the foregoing it is apparent that oxygen, nitrogen,
and the argon group of gases practically constitute the ‘“‘fixed”
constituents of the atmosphere. Their proportions at sea
level vary but little in different parts of the earth, and they
constitute about 98 per cent of the atmosphere. Ozone, the
nitrogen oxides, ammonia and the various radio-active emana-
tions may be considered practically as negligible factors in
meteorology; for the greater part they are accidental. Carbon
dioxide is a factor chiefly in physiological meteorology.
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Water vapor and the unmeasured dust content of the at-
mosphere are meteorological factors of the highest degree of
importance. All the fresh waters of the earth are derived from
the sea by a process that is clearly one of distillation; and life
as it is organized on the earth depends upon this process.” Even
a slight change in nature’s method of distillation would be
followed by profound changes in the distribution of life.

Indoor Air and Mortality.—The difference between the sun-
bathed air of out-of-doors and the air of dwellings has exerted a
marked effect upon modern civilization. Various diseases of the
densely peopled regions of Europe and America are practically
unknown among peoples who live habitually out of doors.
Tuberculosis is essentially a disease of modern civilization. Even
in Europe and America, where the disease thrives, the mortality
is twice as great among house dwellers as among those having
out-of-door employment.

The mechanical ventilation of buildings has helped matters
but very slightly. Air drawn through ventilating shafts has
not the same therapeutic qualities as sunlit air coming through
open windows into living rooms. An explanation of the differ-
ence is yet to be found. If meteorology is the science of the
air, it should discover the difference between wholesome and
unwholesome air.!

1 An investigation of the problem has been undertaken by a committee
of the American Meteorological Society.



CHAPTER II

FORMS AND PROPERTIES OF MATTER IN ITS
RELATION TO METEOROLOGY

Ether and Matter.—It is not necessary to assume that the
universe and space are one and the same; nor that the universe
is boundless; nor that space is without limits. So far as that
part of the universe with which human knowledge comes in
contact is concerned, the existence of two factors is assumed.
Matter is perceptible to the human senses. It is visible, tangi-
ble, and transformable. It can be measured and compared;
some, at least, of its properties are known. Its ultimate consti-
tution, however, is not known. It is usually described in terms
of atoms, molecules and masses.

In certain respects, more is known about ether than about
matter: for although the existence of ether is merely assumed,!
the magnitudes attributed to it are real values that have been
fully established. That the universe is pervaded by an invisible,
intangible, but measureable something is conceded. It is
assumed that the manifestations to the senses known as heat,
light, magnetism, electricity, and radiant energy traverse the
known part of the universe by the means of the ether. It is
not improbable that these manifestations are undulations of
the ether itself.

The telescope and the spectroscope have shown that the
matter entering into the composition of other visible bodies in
the universe does not differ from that which composes the

1“In recent years, doubt as to the necessity for assuming the existence
of an ether has been expressed by some who claim that it is sufficient to attribute
the power of transmitting radiation to space itself. It may be doubted whether
this is more than a dispute about terms. One cannot discuss the question,

here; but, pending the settlement of the controversy, it seems wise to con-
tinue the use of the word ‘ether’ as at least denoting the power of space,

vacant or occupied by matter, to transmit radiation.”—DuUFrF, A Textbook -

of Physics.
10
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earth. Many of the chemical elements that compose the earth
have been discovered in the sun and other heavenly bodies, and
no chemical element has been discovered in any heavenly body
that does not occur in the earth. Air and water vapor occur on
the planet Mars, and it is not unreasonable to assume that the
meteorology of this planet has much in common with the
meteorology of the earth. The occasional occurrence of dust
storms on Mars adds ‘weight to the reasonableness of such an
assumption. ’

Forms of Matter.—For practical purposes it may be as-
sumed that matter exists in three forms—solid, liquid and
gaseous.! Most of the metals and some of the non-metals may
be changed easily from one form to another. Thus, iron is a
solid at ordinary temperatures; it “‘melts’” or liquefies at a
temperature somewhat above 2100° F (1150° C); at a still higher
temperature it gives off a reddish-brown vapor. Mercury is
ordinarily aliquid; it “boils” or becomes a vapor at 675° F
(375° C) and ““freezes’” or solidifies at —38° F (—39° C). Water
is the most common illustration of all; it solidifies at 32° F
(0° C) and gradually becomes a vapor at ordinary temperatures;
but at 212° F (100° C) the vapor pressure is that of the air at
sea level. Practically all the ordinary gases have been liquefied
and solidified. Liquid air and carbon dioxide are articles of
commerce. . .

The conditions which surround the liquefaction of ice and
snow, the evaporation of water, and the condensation of the
water vapor of the air are fundamental factors in the science
of weather. The distribution of precipitation—that is, rain,
snow, hail, and the floating forms of fog and cloud—affect the
habitability of the earth and human activities to a very great
degree.

Matter may be changed in physical form, but it cannot be
annihilated. Thus, the coal in the fire-box is changed to carbon
dioxide, a gas, instead of a solid; but the chemist may separate
the carbon from the oxygen. Nothing, not even the energy, is
lost; to nature nothing can be added, and from nature nothing
can be taken away.

Properties of Matter.—All forms of matter have certain

! In meteorology the discussion of the radiant form of matter may be
omitted.
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properties—volume, density, weight, etc., in common. Other
properties, such as malleability and ductility, affect groups or
classes of matter—chiefly the metals.

Cohesion is a somewhat archaic term denoting molecular

attraction. In solids, the cohesion is usually strong, so that
more or less force is required to sunder the mass—that is, to
separate the molecules. The resistance of cohesion is usually
expressed in such terms as tension, torsion, shearing, etc. In
the liquefaction of a solid, or the vaporization of a liquid, the
force employed to overcome cohesion is measured in terms of
heat. For instance, in the liquefaction of ice, about 147 times
as much heat is required to change ice at 32° to water at 32° as
will raise the temperature of the same weight of water one
degree Fahrenheit in temperature. In the case of liquids, the
cohesion seems to be slight, inasmuch as the molecules possess
a considerable mobility. Nevertheless, they are held together
by a powerful force. Thus, the heat used in converting one
pound of water at 212° F to a vapor at 212° F would raise 967
pounds of water one degree in temperature. Measured thus, in
terms of heat units, great power is required to overcome molecu-
lar attraction. In the case of gases, not only is the molecular
attraction negligible, but the molecules apparently repel one
another.! Perhaps it is more nearly correct to say that they
diffuse themselves throughout the space which contains them.
In other words they apparently cease to possess molecular
attraction.

Crystallization is a form of molecular attraction which
indicates that the molecules possess a certain kind of polarity,
usually assuming regular geometric forms. Frost and snow-
flakes frequently exhibit marvelous forms, infinite in variety
but regular and similar in construction. The study of these
forms is one of increasing importance in weather science.

Expansion-contraction is a property of matter true in its
ordinary forms. The volume of a substance increases when it
is heated and contracts with cooling. Thus, iron will increase

1In mechanics the repellent force of the water vapor, usually called
steam, is termed ‘“‘pressure” and is rated in “pounds per square inch,” or

in ‘“atmospheres’’ of 14.7 pounds per square inch. In meteorology the -

repellent force is expressed sometimes as fension, but more commonly as
pressure.
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0.00000648 of its length for each degree F of increase in tem-
perature, this being its “coefficient of linear expansion.” The
coefficient of expansion of air is 0.00367; of ethyl alcohol, 0.0005;
of mercury, 0.0002.! In meteorology the principles of this
property are fundamental. The expansion of mercury and of
alcohol are used to determine the intensity of heat; and to the
unequal heating of the air in different localities are due the
movements of the air—that is, the winds.

Magnetism is a property pertaining chiefly to iron and steel,
but possessed to a lesser degree by other metals. When in the
condition known as magnetized, a piece of iron or of steel
attracts and holds other pieces of iron and steel. Steel retains
its magnetism permanently; iron is sensibiy magnetic only'
when within magnetic influence—that is, a ‘“magnetic field.”
Nickel, cobalt, certain manganese alloys and tungsten alloys
~_exhibit magnetism very sensibly. A bar of magnetized steel,

suspended by a thread attached at its center of gravity, comes
to rest pointing nearly or quite north and south, the negative
or marked end pointing in a general way to the earth’s north
magnetic pole. A few substances, chiefly bismuth, similarly
suspended come to rest across the magnetic field when be-
tween the poles of a horseshoe magnet. The investigations
concerning the earth’s magnetic properties are carried on in the
United States by the Coast and Geodetic Survey.

Properties of Gases.—Gases are perfectly elastic. A gas
fills any space within which it is confined. A cubic inch of a
gas whose density has been measured, if set free in a space
whose dimensions are a cubic foot, or a cubic yard, will fill the
space.2 Manifestly its density and tension will be lessened in
proportion. It is the custom to say, therefore, that a gas has
no specific volume of its own; its volume is. that of the con-
tainer. :

Equal volumes of a gas, temperature and density remaining
the same, contain an equal number of molecules. If hydrogen,
the lightest known gas, be taken as the unit of measurement,

t Different values are given by different authorities; the foregoing are
on the authority of H. Whiting.

2 This property of gases is not quite true at temperatures near to their
condensation, but it holds good at temperatures which are matenally hlgher
than the temperature approaching condensation.
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the molecular weight of any gas may be determined by compar-
ing its weight with that of an equal volume of hydrogen. This
is known as Awvogadro's law.

If a volume of gas be heated from 32° to 459° F! (0° to
273° C) its volume will be doubled.! That is, equal volumes of
gases expand equally with the same increase of temperature.

If a given volume of gas—say 1 cubic foot of oxygen—be
introduced within a container, its pressure or tension noted,
the same volume of another gas having the same tension may
be introduced without an increase of tension of the mixture.
Thus 1 volume of oxygen added to 1 volume of nitrogen will
make but 1 volume of the mixture, having the same tension as
each of the two gases. That is, one gas is practically a vacuum
for another. This property has its limitations; when several
other gases are introduced within the container a noticeable
increase of the tension of the mixture takes place.

Inasmuch as the science of meteorology is chiefly a study of
the air, a mixture of gases differing in their specific properties,
a clear exposition of these general properties is necessary to
an understanding thereof—more especially to the solving of the
problems of weather, climate, and habitability.

Gravity is a property of matter that exists apparently
throughout the known universe. The apparent fact that matter
in masses attracts all other matter in masses is practically all .
that is known of the essence of it. The whirling of the sun and
the planets about a common center of gravity balances the at-
traction that otherwise would bring them together. More
exactly stated, planetary bodies tend to move in straight lines;
gravity tends to draw them to a common center; the result is
orbital movement. These complex movements and forces have
a great and very measureable influence on the movements of
the sea and the air.

It is convenient to note the density—practically the “‘weight”’

1 This may be expressed by the formula
V' =V[1+4k({ —1)],

where V is the given volume; V' the volume sought; ¢ the given temperature;
¢’ the temperature of the volume sought; and %, 0.00367. This is known
as Boyle's law, and also as Mariotte's law. It is true at high temperatures,
but not exact at ordinary temperatures. .
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—of various kinds of matter, comparing them volume for
volume, under standard conditions, with the density of a given
substance. This ratio of weight is the specific gravity of the
substance. Distilled water at its maximum density, 39.1° F
(3.94° C) is usually taken for the comparison. Thus, a given
volume of mercury weighs 13.6 times as much as an equal
volume of water, and an equal volume of alcohol 0.81 times as
much as an equal volume of water.

For gases, air and hydrogen are both used as units of com-
parison. The specific gravity of hydrogen, in terms of air, is
0.069; of air in terms of hydrogen, 14.4; of coal gas, commonly
used for inflating balloons, about 0.061; of water vapor, 0.62.
When metric units are employed, the weight of a cubic deci-
meter is the specific gravity of the given substance,! a cubic
decimeter of water under standard conditions, weighing in
theory, but not in fact, 1 kilogram.

1 The following formulas are useful: Sp. gr.= %; weight =vol. Xsp.gr.;

wt.
sp. gr.’

volume =



CHAPTER III
HEAT: ITS NATURE, PROPERTIES AND DIFFUSION

The Nature of Heat.—The phenomena of heat and light are
described, the one as ‘‘molecular motion,” the other as the
“radiation of solar energy.” Roughly, either definition will
apply to either phenomenon. Not much is known about the
real essence of either, except that they are forms of energy
which have been measured, and of which certain magnitudes
have been established under the name of “wave lengths.”

Radiant Heat.—It is assumed that heat and light traverse
space in ‘‘waves” or vibrations of the ether. Positive knowledge
is confined to the fact that heat is radiated by the sun and
stars in every direction. Practically all the heat received by
"the earth comes from the sun; and of the whole amount radi-
ated by the sun, the earth intercepts less than one two-billionth
part. Nevertheless, this small fraction of the sun’s radiant heat
produces all the results upon the earth which are manifested
by life and its activities.

Some of the ether waves stimulate the nerves of the eye,
producing the phenomena of light and vision. Others do not
affect the nerves of sight; as they fall on the body they produce
the sensation of warmth, thereby stimulating the growth of
living matter. Meteorology is concerned chiefly with radiant
energy of this character; they are conveniently called heat waves.

Perhaps our nearest approach to actual knowledge of heat is
the recognition of the fact that when heat waves fall upon
matter—say, a piece of metal—they set up a motion in the
molecules composing it.  If the intensity of the waves increases,
molecular attraction little by little is overcome; the solid be-
comes a liquid and, finally, a vapor. This important change is
explained as being due to increasing and to wider amplitude of
the oscillations of the molecules. Perhaps the theory may not
be satisfactorily established, but the facts cannot be denied;

16
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the heat has increased the motion of the molecules; finally it
has overcome their cohesion.

Sources of Heat.—The warmth that is concerned with life
and its activities is derived from the sun. The sun warms the
rock envelope of the earth; the rock envelope radiates warmth
to the atmosphere; the movements of the air diffuse the warmth,
bringing cool air into warm regions and sending warm air into
cold regions. Weather science is concerned chiefly with these
movements of the air.

The earth itself is a source of heat. The interior of the rock
envelope of the earth is intensely hot. Borings into the rock
envelope show an increase of temperature with depth. The
rate varies with the character of the rock, a rough average being
1° F for every 70 feet.! Some of the heat of the rock envelope,
at such depths, is due to chemical action going on within the
rocks themselves; some is due to vulcanism; but some is cer-
tainly due to the radiation of the heat of the interior of the rock
envelope itself. In meteorology this source of heat practically is
negligible.

The most. common example of a terrestrial source of heat
is the ordinary combustion of fuels. But even this is apparent
rather than real terrestrial heat; in fact it is the heat of the sun
stored and conserved by vital chemical processes. But all the
original heat derived from within the earth and all the heat
of vital chemical processes bears an infinitesimal ratio to that
received from the sun. It is estimated that the heat received
by the earth in one minute is sufficient to raise 42,000,000,000
tons of water from the freezing to the boiling point.

Heat as Motion.—If heat produces molecular motion, it
must be assumed that the ether waves which traverse space
warm nothing until they fall on matter—that is, on a substance
composed of molecules which can be set in motion. But in
many respects heat behaves to matter much as light does. It
may pass through a substance just as light passes through glass;
such a substance is said to be diathermous. Thus, glass itself is
more or less diathermous, so also is clear water. Glass permits
most of the heat of the sun to pass through it, but it intercepts

1 At the Goff well, near Bridgeport, West Virginia, the temperature at a
depth of 7310 feet is 159 F (106° C). The average increase of many measure-
ments is somewhat less than 1° for each 70 feet.
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some of it. Thereby molecular motion is set up in the glass
itself and it becomes warm, radiating heat in just the same
manner as a stove radiates it.

The heat !‘absorbed” by a substance—that is, converted
into molecular motion—in time may be stored until it is again
radiated and is given out as warmth. It is conveniently called
“sensible heat.”” It is thus distinguished from the ether waves

N

S

After Ferrel.
Convectional movements of the air; sectional view.

that have great physical power, but do not directly impart the
sense of warmth. One cannot draw a line between the sensible
and the ultra-sensible heat waves, however; and the use of the
term, though convenient, is not exact. Weather science deals
chiefly with the sensible heat of the air.

Diffusion of Heat.—As a body becomes warm, the heat may
diffuse itself through the mass rapidly, as in the case of metals,
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or slowly, as in the case of non-metals. ‘“The former are good
conductors; the latter are sometimes regarded as poor con-
ductors, or imsulators. Thus, steam pipes are wrapped with
asbestos coverings. The metal pipe itself warms rapidly and,
radiating heat rapidly, causes a loss of heat in the steam. The
asbestos covering, being a non-conductor, or insulator, prevents
the loss by radiation. In solid bodies, the diffusion of heat is
accomplished by conduction. The motion imparted to molecules
sets the molecules nearest to them in motion; finally the heat
is diffused throughout the mass.

When liquids and gases are heated a movement of mixing
occurs. This process is best observed when a handful of saw-
dust is placed in a beaker of water and the water is heated by
a Bunsen burner. The rapid warming of the water carries the
particles of sawdust upward, outward and downward through
the water; they indicate the progressive movement of the
water in different parts of the beaker. This mixing process is
called convection.

Convection of the Air.—The convectional movements of the
air are among the most important factors in weather science.
Aside from the lateral movements of the air—the winds—con-
vectional movements that are more or less vertical are going on
all the time; that is, air is going up or coming down.! Warm
air is ascending, cool air is descending.

The sun does not warm all parts of the earth evenly. In
tropical latitudes the heat is far more intense than in extra-
tropical latitudes. Because of the curvature of the earth’s
surface, polar regions receive the sun’s rays very obliquely.
The unequal heating results in a convectional movement of the
air on a scale that affects the whole atmosphere. It produces an
upward and poleward flow of air in tropical regions which is
balanced by a downward and troplc-ward movement of the air
in extra-tropical regions.

The principle of convection is one of the most important
in meteorology, and is practically the foundation of that

!'W. J. Humphreys points out the interesting paradox that ‘“more air
goes up than comes down.” Ascending air carrles water vapor, an integral
part of the air. But the updraught chills and condenses the water vapor
which falls as rain or as snow. The descending air is less in quantity by
the amount of water vapor that is lost by condensation.
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part of weather forecasts which concerns storms and cold
waves. '

Specific Heat.—Different substances vary greatly in their
“capacity’ for heat. That is a much greater amount of heat is
required to produce a given intensity of molecular motion"
in one kind of matter than in another. For convenience, the
amount is called the thermal capacity of the substance. For
convenience also, the heat taken up by a given weight of water
is taken as the unit of measurement. Thus, a pound of water
has 9 times the thermal capacity of the same weight of iron and
30 times that of mercury.!

Latent Heat.—Reference has already been made to the
fact that a very great amount of heat disappears when water
at 212° F (100° C).is converted to steam at 212° F. The heat
apparently lost reappears when the steam is condensed to water
at 212° F. The heat thus employed in overcoming molecular
attraction is called latent heat. The latent heat of evaporation
is an important factor in the diffusion of heat. Thus, water
vapor from tropical regions is borne to higher latitudes and
there condensed, setting free an enormous amount of latent
heat, which becomes ‘‘sensible’” heat again. The latent heat
set free when water freezes is also a factor in climate.

Adiabatic Heating and Cooling.—If a volurne of gas, or of
air, is compressed, a noticeable amount of heat is given off.
The hand-operated tire pump is an example; after a dozen
strokes of the plunger the barrel of the pump becomes hot. If
the compressed air expands to its original volume, just as much
heat is absorbed in the expansion as was given off during com-
pression. The ordinary ammonia gas compressor furnishes an
instructive illustration. The pipe near the compression valve
may be at a low red heat; the pipe at the release valve is
usually cased with a thick jacket of ice. Heat has not been
added to the gas in the process of compression; it has not been
taken away during expansion,

1 Thus, if the specific heat of water is 1, that of iron is 0.1138; of mercuy
0.0333; of glass, 0.1977; of dry air at constant pressure, 0.2375; of steam
at 212° F, 0.341; of ice, of50. Because of its great specific heat and good
conductivity it is evident that water is well adapted to the heating of
buildings. It holds its warmth steadily; it also holds a greater amount than
any other available substance.
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This phenomenon is an important principle of weather
science. As has been pointed out, convection in the air is always
going on. Ascending air expands in volume because of de-
creasing pressure; descending air is compressed in volume
because of increasing pressure. Therefore it follows that ascend-
ing air cools by expansion and descending air becomes warmer
by compression. This phenomenon is called adiabatic heating
and cooling; to all intents and purposes it is merely a form of
latent heat. Adiabatic heating and cooling of the. air therefore
is practically due to convectional movements.

Units of Measurement.—Various units are employed in
the measurement of heat. Two aspects of heat measurement
concern meteorology—gquantity and intensity. Thus, the quan-
tity of heat which a given weight of a substance may contain is
less than that of a greater weight of the same substance, and,
as has been noted, equal weights of different substances may
differ greatly in thermal capacity. Several units of quantity,
or thermal capacity, are employed. The calorie is the amount
of heat required to raise one gram of pure water one degree
centigrade in temperature. This unit is employed very generally
in scientific research. In some instances, however, it is more
convenient to employ the great calorie, or the amount of heat
required to raise one kilogram of water one degree centigrade
in temperature. The British thermal unit, the heat required to
raise one pound of water one degree Fahrenheit, is also much
used—chiefly, however, in expressing the heat value of fuels.

The unit of intensity is the degree, of which there are several,
each differing in value from the others. All of them, however,
have a common basis—namely, the difference in intensity of
molecular motion between melting ice and boiling water, under
certain standard conditions. The various scales of degrees are
explained in another chapter. .

The Solar Constant.—Weather science is concerned in the
amount of heat received by the earth from the sun. For express-
ing this value the calorie is used. The measurements begun by
Angstrom and Langley, and continued by Abbott, Kimball
and others, cover a period of about forty years. Simultaneous
cooperative observations carried on in the United States and
elsewhere show that the value is by no means constant, but that
it varies from time to time. The mean of observations deduced
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by Abbott is 1.932 calories per minute, less the amount ab-
sorbed by the air.

The air, with its dust and its moisture content, intercepts
a great deal of the heat radiated from the sun. When the sky
is clear and the sun is overhead, it is found that a little more
than two-thirds of the sun’s radiation reaches the earth, less
than one-third being absorbed by the atmosphere. When the
moisture content of the air increases, the value of the solar
constant decreases. When the smoke pall that hovers over
manufacturing centers thickens, the effect is the same. This
also is true of any increase of atmospheric dust. The volcanic
dust shot into the air by the eruption of Krakatoa lowered the
value of the solar constant for a considerable length of time.

The moisture and dust content of the air acts as a blanket,
intercepting and storing during the day a part of sun’s heat,
and at night becoming a source of heat in itself.

The fixed constituents of the air, the oxygen and the nitrogen,
vary so slightly in proportion and the amount of heat which
they intercept, that their effects may be regarded as constant.
The great changes in the effects of insolation are due chiefly to
the varying proportions of the water vapor and the dust content
of the air. The layer of water vapor is comparatively thin—
practically not more than five or six miles. The dust blanket,
on the other hand, may extend many miles into the upper air.




CHAPTER 1V
THE AIR; THE DISTRIBUTION OF WARMTH

Disregarding the very slight amount of heat radiated from
the earth’s interior to the surface, and also that received from
other heavenly bodies, the sun must be regarded as the source
of the heat received at the earth’s surface. The greatest in-
tensity of heat is received in equatorial regions where the sun’s
rays are practically vertical; the least intensity is in polar
regions where the rays fall obliquely.

The inclination of the earth’s axis to the plane of the
ecliptic, 23° 27’, is an im-
portant factor in the distribu-
tion of warmth. The direction
of the axis, minor oscillations
excepted, is constant; it ranges
very nearly toward the north
star. One result of the con-
stant parallelism of the earth’s
axis is a movement of the belt
of vertical rays—the ‘‘ heat
belt”—back and forth, an
angular distance of nearly 47
degrees—from the Tropic of
Cancer to the Tropic of Cap-
ricorn. The polar circles, Redway's Physical Geography.
23° 27’ from each pole, mark Relative length of day and night.
the farthest point beyond
each pole to which the sun’s rays extend when vertical
at a tropic. Another result of the inclination of the earth’s
axis is the increasing length of summer days and winter nights
as the latitude increases. At either tropical circle the longest
day is a little more than 13.5 hours; the shortest, about 10.5
hours. Within the temperate zones the longest days vary from

23
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13.5 hours to 24 hours. The possible hours of daily sunshme
vary according to month and according to latitude.

Polar and tropical circles are the boundaries, not of climatic,
but of light zones. The duration of daylight is of great im-
portance; it governs, in no small degree, the maturing of crops,
and therefore concerns practically all agricultural industries.
In general, the regions of greatest productivity of staple food-
stuffs are those in which the summer days are from 14 hours to

- 16 hours long. Both the navigator and the aviator must know
whether he heads in the direction of increasing or of decreasing
hours of daylight at any particular time of the year.

Climatic Zones.—Climatic zones correspond pretty closely
to light zones, in position; but their boundaries are very ir-
regular lines, called isothermal lines—that is, lines along which
the annual mean temperature is the same. For all practical
purposes, the climatic torrid zone is the zone where frost does
not occur except at very high altitudes. Similarly, the southern-
most line at which frost may occur is the southern boundary
of the north temperate zone; and the line of mean temperature
of 32° (0° C) may be considered its northern boundary. A
more practical boundary is sometimes fixed at the northern
limit at which barley will mature.

Climatology is chiefly concerned with the regions which
will produce foodstuffs, and therefore sustain life. To a lesser
degree it is concerned with the problems which affect transporta-
tion. In any case the problems are mainly those of temperature,
pressure, moisture, wind and sunshine.

The Diffusion of Warmth.—The warmth of the various parts
of the earth is modified chiefly by the movements of the air.
Because of the vertical rays of the sun in equatorial regions,
the air is not only warmed to a much higher temperature, but
it is also warmed more quickly than in higher latitudes. Being
expanded by the greater warmth, it becomes specifically lighter
and is pushed upward by the denser cold air which flows in to
take its place. The updraught of air flows poleward in upper
currents, until it is chilled and descends to the surface again.
A part of the descending current continues poleward but a con-’
siderable part flows back to tropical regions as a surface wind.!

1 This explanation is not accepted by all meteorologists, but it is supported
by evidence that cannot be disregarded.
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The actual movements of convection are much more complex.
Calms alternate with eddying movements of great intensity.
All general movements are deflected by the rotation of the
earth on its axis—easterly in tropical latitudes, and westerly
beyond the tropics. There are therefore three wind belts,
one of easterly and two of westerly motion. Each of these has
also a northerly and a southerly component; moreover, all
three belts shift alternately north and south with the apparent
movement of the sun. The belt of tropical easterly, or Trade
Winds, extends a little further north than New Orleans in sum-
mer and its northern edge recedes as far south as Havana in
winter. The position of the wind belts, month by month, is

June January
The migration of the heat belt.

shown on the Coast Pilot charts of the United States Hydro-
graphic Office. .

The apparent motion of the sun, due to the inclination of
the earth’s axis, carries the zone of greatest warmth far north
in June and far south in December. Thereby the warmth of
tropical regions is carried well into the temperate zones, and
thereby the production of foodstuffs is extended to about the
sixtieth parallel of latitude, morth and south.

All this complexity of movement adds to the diffusion of
warmth. The warm air of tropical regions is mixed with the
cold air of circumpolar regions. Complex as they are, the
general movements of diffusion may be classified as the hori-
zontal movements which include the winds, and the vertical
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convectional movements with which are classed the cyclones and
the anticyclones.

' Temperature and Altitude.—The effects of altitude on tem-
perature may be considered in two aspects—altitude along a
sloping surface, such as that of a mountain range, or a high
plateau, and altitude above the surface, directly into the air.
Altitudes are measured usually from mean sea level.

The variations in temperature of the various plains, plateaus,
and mountain ranges are very great. In general, the tempera-
ture decreases with altitude until, in tropical regions, the limit
of perpetual snow is reached at a height of about 16,000 feet;
it decreases with increase of latitude until, in circumpolar
regions, the snow line is not much above sea level. The varia-
tions of temperature with height are governed by so many
conditions that specific rules apply to specific localities only.

The study of the relations between temperature and vertical
altitudes is a matter of great importance in meteorology, and
it has been prosecuted diligently during the last quarter of a
century in various parts of the United States, Canada, Europe,
South America and Africa.

Many thousand flights have been made by kites, manned
balloons, captive balloons, pilot balloons, sounding balloons,
airplanes and dirigible airships. At Uccle, Belgium, a pilot
balloon reached an altitude of 20.1 miles, or 32,430 meters.
Up to an altitude of about 9 miles, temperature and pressure
statistics of the air have been obtained for about every thousand
feet of altitude; beyond that plane the measurements are in-
complete.

The fall in temperature with the increase in altitude has
been in the traditional ratio of 1° F for every 300 feet l—the
conventional temperature gradient. This has been a convenient
ratio for general purposes, but it cannot be used in specific
cases. Within the first 2 miles the temperature gradient is
very irregular; at times there is even a rise in temperature with
increased altitude; that is, the temperature gradient becomes
‘negative. The rise in temperature with increasing altitude is
technically known as inversion.

Inversion may occur in winter, when comparatively still air

1 This does not refer to the adiabatic cooling of air by expansnon—about
1° F per 183 feet, or 1° C per 100 meters.
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settles on a level surface or in a basin. It is pretty apt to be
noticeable when a cloud layer separates two layers of air; the

upper layer may be the warmer;
indeed, the airman is quite apt
to find a higher temperature
above than below. Above a
height of 2 miles, when the air
is moderately still, the fall in
‘temperature is apt to be fairly
uniform. At a height varying
from nearly 7 to 10 miles the fall
in temperature ceases. Above
this plane it remains stationary,
or perhaps it rises. In one in-
stance, a steady rise of tempera-
ture was observed between the
altitudes of 8 miles and 20
miles.

The plane which separates
the stratum of falling tempera-
ture from that of stationary
temperature is sometimes, but
rather loosely, called the #sother-
mal layer. It varies in height,
being highest at the equator; it
is likewise higher in summer than
in winter. It separates the shell
of the atmosphere into two dis-
tinct layers—the stratosphere,
and the troposphere.

The air of the stratosphere is
remarkable chiefly for its appar-
ent inertness. At its lower part
the temperature does not vary
much from —67° F (—55° C).
If, as seems probable, there is a
rise of temperature with increase
of altitude, the rise is normal
rather than abnormal. It seems
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Temperature records made by a
sounding balloon at Avalon, Califor-
nia, July, 1913. Note that an inver-
sion of temperature occurs at the
altitude of about 12 miles, and at 20
miles the temperature is about 20
degrees higher than at 12 miles.

to be due to the fact that the base of the stratosphere is chilled
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by masses of extremely cold air that constantly are thrown
upward against it.

The humidity of the air of the stratosphere is very low—so
low that visible clouds do not form. Therefore, if the dew-
point is ever reached, the condensation is confined to ice spicules
so few in number that they do not affect the visibility of the
air. There is no vertical convection; therefore they sink slowly;
and if they are greater in size than are molecules of water
vapor they sink more rapidly than the water vapor diffuses itself.

It seems certain that the air of the stratosphere contains
dust a-plenty—both cosmic dust and dust that is hurled into it
by volcanic eruptions. If dust is absent, the air of the strato-
sphere differs from that below it and from space above it. One
thing is certain, the radio-activity within the stratosphere in-
dicates the presence of dust particles highly electrified.

The depth of the troposphere is inconsiderable compared
with that of the stratosphere; aviation has probably scaled its
height probably within pistol shot distance of the isothermal
layer. The troposphere is the region of convection. Its height
is practically the height of cirrus clouds, and all the great move-
ments of the air—wind, cloud, storm, and precipitation—take
place within its limits.

Experience has taught the meteorologist that conditions in
mid-air of the troposphere, in many instances, are the key to
conditions at the surface. They are far more important in air
flight; for the airman encounters bumps and holes, both of which
are due to sudden inequalities in temperature. The airman
and the navigating officer of the airship are likely to encounter
cross-winds, the updraught of thunder-storms, and the vagaries
of cloud-formation; these, too, are due to irregular conditions
of temperature, all of which must be understood and reckoned
with in flight.

Air Altitudes.and Terrain Altitudes.—The laws and values
which apply to vertical altitudes in free air are not applicable
to altitudes on the earth’s surface. In general, temperature de-
creases with altitude, but this is not always true. At various
times the temperature of mountain valley floors is lower than
that of the foot-hill slopes several hundred feet higher. On
very cold, still nights, low spots, such as stream valleys, are
almost always colder than higher ground. In regions where

’
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late frosts prevail, fruit growers have learned to take advantage
of this fact. The difference between the temperature of a low
spot and higher ground a few rods away is at times the difference
between freezing and non-freezing temperature.

In tropical regions where mountains lie against the coast
the difference between sea level temperature and that of the
foot-hills a thousand feet higher is very marked. Thus, the
temperature of the business district of Victoria, Hongkong, is
almost intolerable to Europeans; on the Peak, a few hundred
feet higher, the climate is pleasant. The same difference is
noticeable between Rio Janeiro and its suburb, the Corcovado;
it is even more noticeable in comparing the climate of Vera
Cruz with that of Puebla or Orizaba.

On the other hand, extremely hot days in the foot-hills of the
Sierra Nevada Mountains are apt to be cool days along the coast.
The explanation is not hard to find: the ascending hot air of
the foot-hills is replaced by cold air blowing in from the ocean.

In many instances the difference between low valley and hill
stations is quite as much hygienic as climatic. It is the dif-
ference between moist, dusty and miasmatic air on the one
hand; and clear, dry air on the other. ‘

Temperature and Latitude.—In general, the mean tem-
perature of the air decreases as latitude increases. In the
southern hemisphere, which has chiefly an ocean surface, the
decrease is quite regular and the direction of the isotherms
does not vary much from that of the parallels. In the northern
hemisphere the decrease is by no means regular, and the iso-
therms wander greatly from the parallels.

The following illustrates the decrease in the United States,
as affected by latitude. In column I, the stations from south to
north are approximately along the ninety-sixth meridian; in
column II they are situated along the Atlantic Coast.

I II
Corpus Christi, Tex.......... 70°t | Key West,Fla................ 68°
Fort Worth, Tex............. 65° |Savannah,Ga................. 65°
Wichita, Kan................ 55° | Wilmington, N.C............. 62°
Lincoln, Neb................. 50° | Atlantic City, N. J............ 54°
Huron, S. Dak......... R 42° {Boston, Mass................. 49°
Devils Lake, N. Dak.. ........ 36° | Eastport, Me................. 41°

1 The temperatures noted in the rest of this chapter are Fahrenheit, this
scale being used for Weather Bureau reports.
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Mean temperature, January.
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The same results are seen in the temperature range in Europe,
from Athens to Petrograd, or in South America, from Guayaquil
to Punta Arenas.

Within the tropics and also in polar regions, temperature
changes due to latitude are not regular, nor are they great.
In the main they are due to causes and conditions more or less
local in character.

Mean Temperatures.—The -daily, the monthly and the
yearly means are required in weather service. The most ac-
curate daily means would require the average of the hourly
observations for the day; but the results would not be com-
mensurate with the labor involved. The investigations of
General A. W. Greely, while at the head of the U. S. Weather
Bureau, showed that the average deduced from readings made
at 7.00 A.M., 2.00 P.M., and 9.00 P.M., taking the last named twice
and dividing by 4 gave a result very closely approaching the aver-
age of hourly means. This method has much to recommend it.

In the various Weather Bureau stations, where temperatures
are recorded by regular observers, and in the various military
field stations, the daily mean is found by taking half the sum
of the daily maximum and the daily minimum. This mean is
slightly in excess of the mean deduced by the preceding methods,
but the error is so small that it may be disregarded. .

The cooperative observer’s day begins and ends with the
time that the maximum thermometer is set—usually from sun-
set to the following sunset. The daily mean thus established,
however, does not differ materially from the true mean. The
monthly and the yearly means are sufficiently accurate for
practical purposes.

The yearly mean is deduced by dividing the sum of the
monthly averages by 12. A closer average may be found by
adding the monthly sums and dividing by the number of days
in the year on which observations are made.

The mean annual temperature of a region is .not a key to
its temperature conditions or to its habitability. Thus, New
York City and San Francisco, both seaports, situated not far
apart in latitude, have about the same mean yearly tempera-
ture. But while the difference between the winter and the
summer means in San Francisco is not more than 8 degrees,
in New York it is about 32 degrees, and while the difference
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between the warmest and the coldest month in San Francisco
is 10 degrees, in New York it is 44 degrees.

In studying the temperature of a locality, therefore, in
addition to the question of mean annual temperature, various
other elements must be taken into consideration. In the main,
these are the daily range, the range of monthly means, and the
seasonal range. These are affected in turn by latitude, by
altitude above sea level, by the direction of prevailing winds,
and by distance from the sea. In a minor way they are also
affected by the moisture and the smoke content of the air.

The mean annual temperature of a place varies but little
from year to year. In New York City, the range of yearly -
means has varied about 6 degrees in ninety-seven years. The
average of each ten-year period for that time varies but a trifle
from the normal of 52°. The records of Cooperstown, New
York, have been kept continuously since 1854. The averages
of ten-year periods show neither apparent gain nor loss in.
temperature.!

Temperature Ranges.—The daily, monthly, yearly and ex-
treme ranges all have an important bearing on the climate of
a region. The daily range is a part of the records of every
Weather Bureau station; and the greatest daily range in each
month is an item of separate record.

The various ranges are usually, though not at all stations,
least in tropical regions and greatest in inland regions where
the humidity is low. In temperate latitudes they are lower
on the coasts than in the interior. In the United States the
average daily range is somewhat less along the Pacific Coast
than along the Atlantic Coast; and the daily ranges of inland
stations are greater than those of coast stations. The reason
therefor is that the drier air of inland stations permits greater
radiation of heat at night and greater absorption during the
day. For a similar reason the daily ranges at stations of con-
siderable altitude are apt to be greater than those at or near
sea level.

1 The history of the cultivation of the grape in Europe shows even n‘ore
conclusively that no material changes have occurred in two thousand years.
The grape of southern and western Europe is semi-hardy; it likewise is sen-
sitive to temperature changes. But in twenty centuries its limits of latitude
have not changed.
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Along the Atlantic Coast the greatest daily range within a
month does not often exceed 30 degrees; and the average
monthly range is not far from 20 degrees. Away from the
coast belt daily ranges above 40 degrees are common. In the
Plateau Region of the western highlands the average of daily
ranges in June varies from 40 degrees to 50 degrees. At Pacific
Coast stations the average daily range is not far from 15 degrees.
In Arizona, a part of the Plateau Region, owing to dry air and
altitude, the daily ranges have usually been greater than in
most other parts of the United States. At Florence, Arizona,
a daily range of 63 degrees has been recorded, and ranges above
45 degrees are noted occasionally.

Undoubtedly the greatest daily ranges occur in the high
desert plateaus of Asia. The temperature records for this
region are few in number, and not always trustworthy. One
fact, however, has been established beyond reasonable doubt:
excessively hot days are sometimes followed by freezing tem-
perature at night.

Excessive extremes are characteristic of inland regions;
and in Siberia, where inland distances are greater than in
the American continent, the extremes of temperature are also
greater. At Verkoyansk a minimum of —96° F has been
noted; and at Wargla, a caravan station in the Sahara, a maxi-
mum of 127° F has been reported by a trained observer.! In
the northern part of the United States, a temperature of — 30°
accompanying a cold wave, is not uncommon.

In the United States, the highest official temperature
record, 134° is reported at Greenland Ranch, California; the
lowest, —67°, at Poplar River, Montana. It seems certain that
desert regions in low latitudes are the hottest places in the
world.

Temperature Normals.—The daily normals of a station are
the averages of each day of the year for a period of not less than
ten years. The monthly normal is the average for the par-
ticular month for not less than the same length of time; the
yearly normal is computed from an average of the monthly
normals. It is the custom of Weather Bureau stations to
extend the computation of the means to the end of succes-

LIf the figures are authentic, the absolute range for the earth, so far ag
is known, is 217 degrees.



TEMPERATURE AND PREVAILING WINDS 35

sive years! but normals once established seldom change
materially. .

It is the custom of many observers to note, as a part of the
daily record, the number of degrees above or below the daily
normal; this is the ‘‘departure from the normal.” If below the
normal the number is prefixed by a minus sign. It is an excellent
plan to carry the algebraic sum of the daily departures to the
end of the year. Many of the daily neswpapers desire these
figures as a matter of public interest.

The monthly normals, by comparison, furnish the most
instructive data concerning the temperature conditions of a
given locality. Thus the January mean at Devils Lake, North
Dakota, is 0°; at New Orleans it is 53°. The one is an inland
station in comparatively high latitude; the other is practically
a coast station in much lower latitude. The January mean -of
San Francisco is 50°; that of New York is 30°. Both are coast
stations, but San Francisco is warmed by ocean winds. For the
eastern part of the United States, the coast stations excepted,
January normals are not far from 30°, and July normals range
from 70° to 75°. At Moorhead, Minnesota, the summer
mean is 67°; at San Francisco, 58°; at Seattle, 63°; at
New Orleans, 81°; at Key West, 83°; at Yuma, 90°. A few
stations excepted, January is the coldest and July the warmest
month.

Temperature and Prevailing Winds.— Land winds are
marked by great ranges in temperature. In regions far from
the sea, changing winds are far more frequent than in maritime
regions. Some of these winds, like the anticyclones which bring
cold waves, are widespread in prevalence; others, like the
simoon, an intensely hot and dry wind, are confined mainly to
desert regions.

Throughout the greater part of Europe and the United
States, westerly winds prevail; in summer they are frequently
from the southwest, and in winter mainly from the northwest.
The Pacific Coast of the United States receives ocean winds,
and the winters are mild; west of the high mountain ranges
zero temperatures rarely if ever occur, Along the coast, summer

1 Bulletin R, U. S. Weather Bureau, the first edition in 1908, contains

the normals of nearly two hundred stations computed by Professor Frank H.
Bigelow. The changes since that time are very slight.
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temperatures are never high; towards the foot-hills they oc-
casionally exceed 100°.

East of the -Rocky Mountains moist, southerly winds are
common during the summer months, and occasionally these
extend to the northern border. In the southern half of the
United States the prevailing winds are persistent, moist, and
hot. In the northern part they are not so moist, but very warm.
Rhode Island and Delaware possibly excepted, summer tempera-
tures of 100° and over occur in every state, when hot westerly
winds prevail for a few days.

It is obvious that sea winds are more equable in temperature
than land winds. Thus, summer days in San Francisco do not
often reach 90°, and freezing weather occurs perhaps two or
three times in a decade. When such temperatures occur they
come almost always with land winds. The normal wind at this
station is from the Pacific Ocean. In New York City, on the
other hand, prevailing winds are land winds; and within a

period of eight months a range of 115 degrees, —13° and 102°,
has occurred.

Temperature and Radiation.—Very dry, clear air permits
the sun’s rays to pass readily to the earth with but little per-
ceptible loss—that is, dry, clean air is diathermous to the heat
rays that impart the feeling of warmth to living bodies.! The
heat is in turn absorbed by the earth. Earth temperature -
at the surface, or to a depth of an inch or two, may be many
degrees higher than that of the air. Thus, in desert regions,
pieces of metal lying on the ground in the sun become so hot
they cannot be held in the hand. All this is due to the ab-
sorption of rays to which the air is diathermous.

But if dry, clean air permits excessive absorption, it also

1 Not all the heat rays impart the feeling of warmth; in many instances,
they blister and burn the skin without imparting this sensation. It is
thought that heat of this character consists of wave-lengths which, though
they may destroy living tissue of certain kinds, do not stimulate the nerves to
which the temperature sense responds. Thus, in popular tradition, there
is “sensible” and also “insensible” heat. These terms, though inexact,
are not without meaning. On dry, winter days, the flagstones of a
sidewalk frequently absorb enough heat to melt ice and snow, even
though the temperature of the air is as low as 20°; and occasionally side
walks and hard-paved streets are slushy with the thermometer scarcely
above 25°.
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permits rapid radiation. The nights, in regions of very dry air,
may be bitterly cold although mid-afternoon has been in-
tolerably hot; -indeed, at considerable altitudes, freezing tem-
peratures during summer nights are not unknown in desert
regions.

Both the moisture and the dust and smoke content of the
air modify the absorption of the sun’s heat and its radiation
by the earth. The moisture and, to a less extent, the dust and
smoke content of the air absorb a considerable and likewise
a measureable part of the heat that passes readily through
dry clean air. And if they intercept and retard the passage
of heat coming to the earth, they also retard radiation from the
earth at night. In other words, the amount of insolation—
that is, of solar heat—received at the earth’s surface is quite
as variable as is the daily range; indeed, it is the highest ex-
pression of the daily range. At sea level dry air does not always
indicate warm days and cool nights; but at levels of 5000 feet
or more this is the rule rather than the exception. At any level,
changes in temperature are more rapid in dry than in moist
air, and the reason therefor is obvious.

Over areas of moist air a considerable part of the heat of
insolation is absorbed in another way. Almost always in such
areas there is a considerable water in the form of mist—that is,
minute droplets of water. When the sun’s warmth converts
these to vapor the absorbed heat becomes latent heat, and
no longer appears as sensible heat. This fact furnishes another
reason why the air over desert regions, as well as the ground
surface itself, becomes heated to a higher degree.l

Conditions of temperature exercise a great control, not
only over civilization, but over the distribution of life itself.
Humanity may overcome its environment so far as temperature
is concerned—man can command fire, food, and fuel to be
brought to him; but other forms of life cannot rise superior to
conditions of temperature. The line beyond which grass will
not grow is determined in part by temperature; it marks the
limit beyond which grazing animals cannot thrive, and, with a

1 A moist surface, and very moist air as well, does not have a temper-
ture materially higher than the wet-bulb thermometer; a dry surface, or
very dry air, acquires a temperature approximating that registered by the
black-bulb thermometer.
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few exceptions, cannot survive. Conditions of temperature,
such as obtain in the temperate zones, stimulate both the
bodily and the mental faculties of humanity.! Therefore they
have resulted in a civilization fundamentally different from that
of tropical regions.

1 “Every species of plant and animal has an optimum temperature at which
it thrives most vigorously, and man is no exception. The optimum may vary
a little from individual to individual, but not much. It is more likely to vary
from one type of activity to another. For physical health among the white
race as a whole, the best temperature is an average of 64° F for day and night
together. In other words, people’s health and strength are greatest when
the temperature drops to about 56° to 60° at night, and rises to somewhere
between 68° and 72° during the middle of the day. For mental activity the
temperature is much lower than for physical, being an average of approx-
imately 40°. In other words, people’s minds are most alert and inventive
when the temperature falls to about freezing at night and rises to 45° or 50°
by day.”"—Huntington and Cushing's Human Geography.




CHAPTER V
THE AIR: THE DISTRIBUTION OF PRESSURE

Measurement of Atmospheric Pressure.—Practically all the
movements of the air are due to differences in its temperature;
but, inasmuch as differences in temperature result in differences
in the density of the air, it is convenient to express such dif-
ferences in terms denoting the force with which the air presses
upon the earth at sea level. It is also more convenient in
weather science to express this pressure in terms of the length
- of a column of mercury which the air balances—that is, a
barometer.!

Thus, a column of air 1 square inch in cross-section weighs
at sea level about 14.7 lbs., or 1 atmosphere. It balances a
column of mercury of the same sectional area, 29.92 inches in
length. In metric terms, the weight of a column of air 1 square
centimeter in sectional area is 1033.3 grams, and it balances a
column of mercury 760 millimeters in length.2 The length of a
column of water which balances a column of air of the same
sectional area is about 34 feet.

Distribution of Pressure.—The movements of the air caused
by ‘heating, cooling, expansion and contraction include the
general or planetary movements, as well as the massing of the
air in one locality and the counterbalancing depressions formed
in another. The expansion of the air by heating has been de-
termined many times. If 1000 parts of air at 32° F be heated
to 33° F, its volume will be increased 2.035 parts; at 50° F the
increase will be 36.63 parts; at 130° F, a temperature very com-
mon under a summer sun, the 1000 parts will become 1199.43

1 From two Greek words meaning ‘‘ measure of weight.”

2 British observers usually express the pressure of the atmosphere in
millibars: 1 inch=33.864 mb; 1 mb=0.02953 inch; therefore at 29.53
inches, the barometer reading is 1000 mb. At 29.92 inches, or 1 atmosphere,
the barometer reading is 1013.2 mb. In certain computations, the millibar
scale of the barometer possesses many conveniences.

39



THE AIR: THE DISTRIBUTION OF PRESSURE

40

s e

*Arenuef ur spuim pue ainssalg

gakiiggl




DISTRIBUTION OF PRESSURE 41

parts. In centigrade terms, the increment is 0.00037 for each
degree, measured from the absolute zero. Small as’seems
the rate of expansion, the actual increment over a continent,
even for a rise of temperature of a few degrees, must be measured
in terms of cubic miles, and its aggregate weight in millions of
tons.

Observations show that the mean pressure over the earth
varies from season to season; at any given locality existing
pressure varies from hour to hour. It also varies according to
latitude; but the variation for latitude is not regular. The
maps on pages 40 and 42 show the several regions of high
pressure. They show also that the pressure in these regions in
January is slightly lower than in July. The regions of summer
high pressure are situated in latitude 30° to 35° north and
south.

The southerly regions cover the ocean and, for the greater
part, are far removed from human activities. The northerly
regions are of great importance from the fact that they modify
the climate, the one of North America, the other of Europe and
Asia.

The North Pacific high covers ocean waters in July, and it
tends to carry cool air to the adjacent coast. In January it
covers the western part of Canada and at times pours an
enormous volume of cold air over the greater part of the United
States.

The North Atlantic high covers western Asia in January;
in July it covers the ocean east of the United States. At times,
the area of maximum pressure, 30.30 inches (1026 mb) or more,
is close enough to the continental coast to retard the easterly
flow of air and cause a pretty general stagnation of air over the
eastern part of the United States. It is therefore a feature in
the formation of hot spells over that region.

The area covered by the North Pacific has a January pres-
sure of 30.20 inches and a July pressure of 30.30 inches (1026
mb). The Bermuda, or Atlantic high, is about 30.25 inches
-(1024 mb); over Siberia, however, the winter high is not far
from 30.50 inches (1033 mb). It is thought that the two zones
of high pressure in mid latitudes are due to the descent of the
upper currents that constituted the updraught in equatorial
regions. This is denied by many meteorologists, however.
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Pressure and winds in July.
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The areas of low pressure are much larger in extent than
those of high pressure and, as a rule, they are not so well de-
fined. The area of lowest pressure is in the south polar region;
it is inclosed by the sixtieth parallel; its mean pressure is 29.40
inches (996 mb). A low pressure area in the North Atlantic
lies east of Greenland; a similar low pressure area in the North
Pacific covers Bering Sea. '

The zone of ascending air currents in equatorial regions is
a region of low pressure. Its mean, summer and winter, does
not vary much from 29.80 inches (1009 mb). Indeed, the
changes in pressure from month to month throughout tropical
regions are very slight. The ascending currents in equatorial
regions and the descending currents near the tropics are as-
sumed to exist. Their existence, established circumstantially
rather than positively, explains satisfactorily the position of the
constant highs and lows.

The great differences between summer temperature and
winter temperature explain the apparent shifting of each sum-
mer high from a position over the ocean in summer to one over
the nearby continent in winter. Cold air is heavier than warm
air; and, in the latitude of the constant highs, the temperature
of the air over the land in winter is much lower than over the
ocean; in the summer, on the other hand, the temperature
is lower over the ocean. In each case the high forms in the
region of lower temperature.

Mean Pressure over the Earth.—It is customary to reduce
all pressure observations used for comparison to a sea level
basis and to a temperature of 32° F (0° C). The maps, pages
40 and 42, show the marked variations in pressure that are
seasonal. From these pressures the mean pressure over the
earth has been calculated by meteorologists to be between
29.90 and 29.85 inches. W. M. Davis has calculated the mean
pressure over the northern and the southern hemispheres, for
the summer and the winter months, deducing the following
values: 29.99 inches (1016 mb) for January and 29.87 inches
(1012 mb) for July in the northern hemisphere; 2991 inches
(1013 mb) in July (midwinter) and 29.79 inches (1009 mb) in
January (midsummer) in the southern hemisphere.

The determination of mean pressure over each of the two
hemispheres is more important than that of the mean pressure
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of the earth as a whole. The fact that the pressure over the
southern hemisphere is lowest at the time when it is highest
over the northern hemisphere, and vice versa, indicates the
shifting of an enormous volume and weight of air from one
hemisphere to the other, twice a year. Davis estimates that
the weight of air thus moved is equivalent to a pressure of 0.12
inch (4.1 mb), or between 30 and 35 million tons in weight.

Density.—It is evident that a close relation exists between
the temperature, pressure and density of the air. With lowering
temperature, the volume of air contracts, and air flows in to
equalize the loss. The cold air contains a greater number of
molecules per given volume and therefore its density is in-
creased; because it contains more matter per given volume its
weight, and therefore its pressure is increased. Density varies
directly with pressure and inversely with temperature. It also
varies inversely with the moisture content of the air.

For the greater part, human activities are carried on at the
plane of contact, where earth and air meet. Weather science,
however, includes a study of density and pressure at all ob-
servable altitudes from sea level upward. Density of the air
at different heights also affects air flight and the flight of pro-
jectiles. Hence, a knowledge of the density of the air at dif-
ferent altitudes is necessary.

- The changes in the density of the air are most marked at the
earth’s surface. The daily range in density may be as much as
10 per cent, and the extreme range in a year has exceeded 20
per cent. The range is greatest in temperate latitudes at or
near sea level. The changes in density due to temperature
variations explain the high midwinter pressure over inland
regions and the high midsummer pressure in oceanic regions;
the rock envelope of the earth radiates its heat more rapidly
than does the water. Very low temperatures in winter increase
the density of the air. High temperatures in summer decrease
the density, with the result that oceanic regions are cooler
in summer and warmer in winter than far-inland continental
regions.

Diurnal and Semi-Diurnal Changes in Pressure.—At sta-
tions of considerable elevation a maximum daily pressure at
the warmest part of the day is observable. It is attributed to
the heating of the air, thereby causing an accumulation which
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practically forms
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the crest of the § g
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warmth.  During §3
the coldest hours of = 5
the day a reverse £

movement takes
place and forms a
corresponding
trough of pressure.
This diurnal maxi-
mum and mini-
mum of pressure is
practically araising
and lowering of the
center of mass. As
a result, a greater
mass means greater
- pressure, and vice
versa.

The semi-diur-
nal maximum and
minimum is very
regular and obtains
in every part of the
earth. It is best
studied from the
barogram, a strip
of paper attached
to the revolving
drum of a record-
ing barometer.
The line drawn by
the barograph pen
shows a slight rise
above mean pres-
sure at 10 o’clock,
morning and
night, followed by
a depression at

12 o'clock instead of 10 o'clock is due to clock time instead of solar time.

The barogram of a quiet week in equatorial regions, showing the semi-diurnal oscillations in pressure.
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4 o’clock, morning and afternoon. These oscillations in pressure
are probably due to the waves of temperature which ceaselessly
follow the sun with the rotation of the earth.

The semi-diurnal maxima and minima are greatest in
equatorial latitudes; they decrease in higher latitudes. Ac-
cording to the observations of General Greely, the oscillations
of the barograph pen were scarcely noticeable in polar regions.
The amplitude of oscillation is greater by -day than by night;
it is greater at the equinoxes than at the solstices. The day
amplitude is greater over the continents than over the sea;
the night amplitude is the reverse. According to Humphreys,
the whole atmospheric shell vibrates in waves which happen
to be in 12-hour wave lengths. Records made by P. R. Jameson
on the East African Coast near the equator show a maximum
of about 0.025 inch above and the same minimum below normal
pressure.! In tropical regions the irregular variations in pres-
sure are infrequent; the semi-diurnal oscillations, on the other
hand, are very regular. The claim that an observer can tell
the time of day by the barometric pressure is not without
foundation.

Other Variations in Pressure.—Pressure ranges exceeding
1.5 inches during a week—the record of a barograph sheet—
are not uncommon. Weekly and monthly ranges are usually
much greater in winter than in summer and much greater in
mid-latitudes than in low or high latitudes. Professor Mohn
has summarized as follows:? The barometer is high when the
air is cold, when it is dry, and when an upper current flows
into a given area. It is low when the lower air is heated, when
it is damp, and when it has an upward movement.

The variations in pressure with which weather science is
chiefly concerned are the daily highs and lows which cross the
continents in mid-latitudes from west to.east and, for the
greater part, are lost in mid-ocean. These great billows of the
atmosphere are comparable to the billows of the sea; but, as
is shown in Chapter XIII, the lows are usually storm centers and
the highs are rapidly moving masses of cold air. The former
are the cyclones of the forecaster; the latter, the anticyclones.

1 At Mount Vernon, N. Y., Lat 40° 54/, the values are approximately

0.022 inch—possibly less.
. 2 Grundzige der Meteorologie.
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When accompanied by rain or by snow they are the “storms’’ of
popular tradition. Local disturbances, such as tornadoes,
water spouts and thunder-storms, usually affect pressure, and
leave each its record on the sheet of the recording barometer.
Observers learn quickly to interpret these records.

- Isobars and Gradients.—The distribution of pressure is best
shown by means of lines drawn on a map through adjacent
points having the same pressure. These lines are isobars. The
maps, pp. 40 and 42, show midwinter and midsummer isobars.
For the sake of comparison, the figures are reduced to the basis
of sea level and temperature of 32° F (0° C). The isobars on
the daily weather map show the respective positions of highs
and lows, and from them the daily forecasts are made.

On the daily weather map the conditions of pressure are
interpreted by a study of the relative positions of the isobars,
which constitute a contour map of the air. If the isobars of a
high, or of a low, are close to one another, the slope of the air
wave is steep; if far apart, the slope is gentle. Therefore, in
either case, they show the gradient of pressure, and from the
gradient of pressure an approximate velocity of the wind may .
be indicated.

About half a century ago, Whipple, of Kew Observatory,
prepared an empiric table based upon isobars 15 nautical
miles apart—that is, a 15-mile gradient. If, for instance, the
gradient is 0.1 inch, the indicated velocity of the wind will be
" approximately 9 miles per hour; if 0.2 inch, it will be about
17 miles per hour, etc. The study of the pressure gradient, there-
fore, is a fairly accurate indication of wind velocity. It also
enables the observer to make a reasonably accurate forecast of-
wind velocity from twenty-four to thirty-six hours in advance.

Actual and Recorded Pressure.—Pressure decreases with
altitude, at a varying rate. If the lowest of a pile of ten books
is lifted, the weight of the nine books above it must be over-
come; but if the fifth book is lifted, the weight of only four
books must be overcome. The same principle applies to the
atmosphere. At sea level a column of air 1 square inch in
cross-section, presses with a weight of 14.7 lbs., but at a height
of 19,000 feet the weight of the column is only half as great.
For the first few hundred feet above sea level the pressure
decreases at the rate of 0.1 inch for each 9o feet of ascent; at




48 THE AIR: THE DISTRIBUTION OF PRESSURE

an altitude of 3000 feet it is at the rate of 0.1 inch for 100 feet
of ascept. The greater number of weather stations in the
United States are 1000 feet or more above sea level, and many
‘of those west of the Denver meridian are more than 5000 feet
above sea level. :

For purposes of comparison in the preparation of daily
weather maps, all pressure observations are reduced to sea
level basis. For this purpose such a reduction is necessary,
and all reduced pressures within an altitude of a few hundred
feet of sea level are sufficiently correct for practical purposes.
For altitudes materially greater than 1000 feet, the results
when applied to mean pressure, are erroneous. Thus, at Mount
Washington, the mean recorded pressure for January, reduced
to sea level, is greater than that for July. As a matter of fact,
the actual mean pressure is less in January than in July. The
following illustration will explain:

A compress 12 feet in height is filled with loose cotton. The
pressure of its weight at the bottom is, say, 16 lbs. per square
foot. Half way to the top, at the 6-foot level, the pressure is half
as much. Now let us assume that the cotton is compressed so
that its depth is only 9 feet. The pressure at the bottom re-
mains the same; but at the 6-foot level, there is only half as
much cotton as before compression; hence the pressure is
half as great. The center of mass has been lowered in the
process of compression. '

The same principle applies in the case of measurements of
the atmosphere. Thus, at Mount Washington, and at other
stations of considerable altitude, expansion due to tempera-
ture-increase raises the center of mass in summer; mean pres-
sure, therefore, is raised. In winter, low temperature causes
contraction, lowering the center of mass and therefore the
pressure. In other words, while sea level and also the ob-
server’s station are at fixed altitudes, the center of mass is a
varying altitude; it is raised by increasing temperature and
lowered by decreasing temperature. Hence its effect on mean
pressure, '




CHAPTER VI
THE AIR: MAJOR CIRCULATION: LOCAL WINDS

The convectional or vertical movements of the air have
been mentioned incidentally as affecting the diffusion of warmth.
They are considered in detail in succeeding chapters. The hori-
zontal movements constitute the winds. So far as human

Redway's Physical Geography.

General movements of the atmosphere.

activities are concerned, the general horizontal movements
consist of a broad tropical belt of easterly winds flanked on the
north and on the south by a broad belt of westerly winds. The
three belts move northward with the apparent motion of the
sun northward in June, and southward in December. The
yearly oscillation covers about 120 degrees of latitude, a total of
about 7200 nautical miles.
49
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Trade Winds.—The broad belt of easterly winds within the
tropics is popularly known as the Trade Winds. Their direction is
southwesterly in the northern and northwesterly in the southern
part of the belt. The heating of the air in equatorial regions
causes a convectional updraught; and this is balanced by an
inflow of air from higher latitudes. The rotation of the earth
deflects the movement of the air, giving a westerly motion to
the winds.  Their force and direction are best studied from the
monthly pilot charts published by the United States Hydro-
graphic Office. Although the pilot charts refer specifically to
ocean winds, the general information published, so far as wind
direction is concerned, applies to land winds also.

The strength of the Trade Winds varies according to latitude
and also according to season. The velocity is highest near the
edges of the belt and lowest at its center; it varies from about
8 miles per hour in the fall months to about twice this rate in
the spring and summer months. The southeast winds are
materially stronger than the northeast winds. The easterly
component is the important commercial factor—hence the
popular name. For the year their average is from 11 to 14
miles per hour, or from 2 to 3, Beaufort scale! On the Pacific
Ocean the Trade Winds are neither so strong nor so regular
as in the Atlantic; on the Indian Ocean only the southern part
of the belt is observable.

Prevailing Westerlies.—The two broad belts which flank
the Trade Winds are variously named ‘“Counter Trades,”
“Return Trades,” and ‘“Anti-Trades.” Their direction varies—
northeast, east, and southeast as shown on the pilot charts,
and their strength is indicated by the arrows. In the southern
hemisphere because of their strength, they are known, as the
“Roaring Forties.” In the days of sailing vessels, a ship from a
port of Europe to Australia could usually make the return trip
more expeditiously by way of Cape Horn. The force of the
Prevailing Westerlies is from 2 to 4, Beaufort scale.

The Prevailing Westerlies begin as an upper wind in Trade
Wind latitudes, descending to sea level at the edges of the
Trade Wind belt, approximately Lat. 30° N. and S. Over Cuba
the airman may find them at the height of about 11,500 feet;
over Jamaica about 19,500 feet; and over Trinidad about

1 Table, page 240.
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26,000 feet. In each case the height of the Prevailing Westerlies
is also the depth of the Trade Wind belt.

Winds of the United States.—The main body of the United
States is situated in the belt of Prevailing Westerlies. The
prevailing surface winds therefore are northwest, west, and
southwest. East of the Missouri River northwest winds prevail
except during the hottest part of summer when southwest winds
are the rule. These include practically all the winds of various
altitudes between sea level and the summit of Mount Wash-

Tracks of cyclonic storms preceded by easterly and followed by westerly
winds. )

ington (6293 feet), one of the highest points east of the
Mississippi River.

South of the thirty-first parallel the influence of the Trade
Winds is very apparent, and the prevailing winds in summer
vary- from northeasterly to easterly. Along the coast this.
influence extends much higher than the thirty-first parallel,
and northeasterly fair weather winds occur at times as far north
as the Maine Coast.

West of the Mississippi River to the Rocky Mountains, the
winds vary from southwesterly to northwesterly. They are
steadier and stronger than those east of the Mississippi River.
Southwesterly winds prevail much of the time. :
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From the Atlantic Coast to -the Rocky Mountains the
general westerly direction of the winds prevails pretty steadily,
except as it is upset occasionally by cyclonic storm winds.

In the plateau region and the basin, the upper winds are
westerly—southwest to northwest; but the surface winds In .
many instances are deflected by mountain ranges and become
either southerly or northerly.

The surface winds of the Pacific Coast are westerly; but in
the Sacramento and San Joaquin valleys they become northerly
or southerly, being deflected by the mountain ranges. When
the temperature of the interior is high, strong westerly winds
are the rule along the coast. This is especially noticeable in
the vicinity of San Francisco.

Monsoons.—The monsoons are seasonal winds which
blow from the sea over the land during summer months and in
an opposite direction during winter months. The name, mean-
ing ‘‘season,’” was first applied to the seasonal winds of the
Indian Ocean Coast; subsequently it was applied to various
seasonal winds of ocean coasts. In southern Asia the crop
yield depends very largely on the rainfall which accompanies
the southwest monsoon; hence its importance in the economic
history of a considerable part of southern Asia. .

The advance and recession of the Trade Wind belt along the
Gulf Coast of the United States seems to emphasize a similar
alternation of sea wind and land wind; but the monsoon charac-
teristics extend as far north as Long Island Sound on the north
‘and far into Mexico on the south. In the latitude of New York
City, about eight weeks of southwesterly winds prevail in
summer, while northwest winds prevail the rest of the year.

" Calm Belts.—Along the narrow belt where the northeast
and the southeast Trade Winds meet, the easterly components
of the winds disappear, the only movement being an updraught.
In the days of sailing vessels ships sometimes lay becalmed for
many days—hence the expressive name, Doldrums. This calm
belt lies north of the equator and practically covers the thermal
equator. It is a region of low barometer, very moist air,
cumulus clouds and excessive rains. It is practically coincident
with the tropical rain-belt. Its detrimental effects on marine
transportation ceased with the advent of steam navigation.
Years ago it was a terror to sailing craft.
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The Calms of Cancer and of Capricorn separate the belts of
prevailing westerly winds from the Trade Wind belt. They are
regions of high pressure and usually of cloudless skies. Vessels
from ports of Europe and the United States crossed the Calms
of Cancer when making West Indian ports. These calms were
therefore a great drawback to commerce. Steam navigation
has eliminated the waste of time and the loss of jettisoned
cargoes;! but conditions more or less detrimental, which hu-
manity cannot overcome, still exist. Much of the southwestern

January July
Redway's Physical Geography.
Winds of the Atlantic.

part of the United States and northern Mexico are covered by
the high-pressure Calms of Cancer, and, at a little distance
from the ocean coasts, rain-bearing winds are infrequent.
Similarly, the sparse rainfall of parts of South America is due
to the Calms of Capricorn.

Local Winds.—The local winds of a region appeal to a com-
munity more forcibly than do the general movements. One
may not appreciate the fact that the habitability of a region

10n various occasions vessels whose cargoes consisted of horses were

becalmed in this region. When the supply of water gave out the horses
were thrown overboard—hence the name ‘“horse latitudes.”
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depends very largely upon the general movements of the air;
but no one can fail to realize the importance of a hot blast, a
blizzard, a tornado or a sand storm—or, indeed, of any oc-
casional storm wind that may injure growing crops and destroy
property.

Along coasts, the sea breeze and the alternating land breeze
are the rule rather than the exception during a consider-
able part of the year. As a rule, the sea breeze extends rarely
higher than 3000 feet. - At such times it may be merely a cross-
wind, and the clouds at a height of a mile may be moving in
an opposite direction.” The succeeding land breeze which sets
in is apt to be a much stronger wind.

Mountain Valley Winds are common in all mountain regions.
During the day, when the air is growing warmer, the wind
blows up the valley; at night, when it is losing its heat the
flow is down the valley. In narrow canyons, the night winds
may be very strong—a force of 6 to 7 of the Beaufort scale.

The Chinook, one of the most important local winds, derives
its name from the jargon of a tribe of Indians living near the
mouth of the Columbia River. According to tradition the name
means “snow-eater,” from the fact that, with its appearance, the
snow begins to melt first from the higher parts of the mountain
slopes and, last of all, from flood plains and valley floors.

The Chinook was made known first by early settlers in .

Oregon. In time it was found to exist throughout much of the
montane part of the northwest. The Chinook begins as a moist
wind on the windward side of a high range. As it is pushed
upward along the mountain slope it is chilled by expansion below
the dew-point, and condensation takes place. This liberates a
great deal of latent heat, materially warming the air. The air
is warmed still further by compression as it rolls down the lee-
ward slope of the range.

In Montana, Idaho and Alberta, the Chinook wind is far-
reaching in its climatic effects. Both grazing and wheat-grow-
ing are made possible in regions that otherwise would be un-
productive. The Chinook wind does not differ from the Foehn
wind of Europe with which it is classed. In each case moist
air drawn into a cyclone and pushed over a range, descends
on the other side as a warm, dry wind.

The Hot Winds of the Plains, including the Summer Wmds
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of Texas, and the Norther of the San Joaquin-Sacramento
-Valleys are classed among the ‘‘destroyers,” from the fact that,
in many localities, two or three days of their duration is fatal
to growing crops.

The Santa Ana of southern California is the outpouring of
a hot, dust-laden desert wind through one or more of the
mountain passes. In the past thirty-five years, irrigation and
cultivation have been extended into the arid region, with a result
that the Santa Ana is largely deprived of its dust content and
its high temperature. The Santa Ana in its old time vigor was
merely the edge of a desert simoon that intruded upon nearby
fertile lands. The simoon itself occurs in every desert so far
as is known. It is a sand storm because of its velocity. In the
Colorado and Mohave deserts the simoon may have a velocity
exceeding 75 miles an hour. The Washoe Zephyr of the Basin
Region of the United States, and the Khamsin of Egypt are
desert winds of the same kind. They are thought to be cy-
clonic in character, but practically they are dust-laden winds,
either blowing into a desert, or out of a desert.

The Texas Northers are biting cold winds, common to the
" high western plains of the United States and northern Mexico.
They usually follow warm and balmy winds of southerly direc-
tion. The onset may be very sudden. A fall of temperature
of 50 degrees within a day is not uncommon. The Bora and
the Mistral of the Mediterranean coast of Europe are similar
in character; they are cold winds sliding down the steep
mountain slopes because of increasing pressure to the north-
ward. In the southern hemisphere, the Pampero is the counter-
part. It is most noticeable in the pampas, or great plains east of
the Andes, and in many instances it extends to the coast. Al-
though a southwest wind, it is classed with Northers because
of its origin.! The Blizzard is nominally a cold-wave wind which
is sufficiently vigorous to pick up and carry loose snow; it is a
northwesterly wind. Popular usage applies the name to any
wind of gale force that accompanies a snowstorm.

Direction and Velocity.—The diagram of the major c1rcula-
tion of air shows that the normal movements of winds are north-

1 The name is also applied to the ‘squall” type of descending wind
accompanied by thunder and lightning, occasioned in the pampas of South
America. .
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west, southwest, northeast, and southeast and that winds from
the north, south, east or west are the exception. Winds over
the land, however, are apt to be modified by local topography;
and it frequently happens that a surface wind differs materially
in direction from the wind at low cloud heights.

Throughout the eastern half of the United States, about
half the recorded mileage of the wind is from points between -
north and west. Along the Gulf Coast to a distance of about
300 miles inland, winds with a southerly element of movement
prevail. As a rule, the winds are strongest during the winter
months and mildest in summer.! For the greater part, the
prevailing winds of the Pacific Coast region are northwesterly.
At San Diego about two-thirds of the mileage is recorded by
winds blowing between west and north. ,

The strongest winds are apt to occur along the coasts of
the sea and the Great Lakes. The mean hourly velocity at
Sandy Hook, Block Island, Delaware Breakwater and Cape
Mendocino exceeds 14 miles. Throughout the plains west of
the Missouri River, high winds prevail. The long downward
slope over a smooth surface adds to the velocity of westerly
winds. During winter months the cold-wave winds from
Canada contribute a mass of air which, moving eastward, gives
added velocity to the winds of this region.

The latitude of strongest winds in the United States is
approximately along the forty-fifth parallel in the summer and
a few degrees lower in winter. Winter months are the season
of the strongest winds. The winds of greatest strength, however,
are storm winds—winter cold-wave blasts, or the recurved por-
tion of West Indian hurricanes which sweep northward along
the Atlantic Coast.

Other Features of General Circulation.—The foregoing
paragraphs present a very elementary view of the greater
circulation of the air. As a matter of fact, not much is known,
even of the surface winds over a very large part of the earth.

1 The records of about twenty stations in the northeast quarter of the
United States show the following mean velocities in miles per hour for the
year:

West...o.oooviviiiiiinnn, 4.6 |East................ ... 4:7
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Until within the past few years, knowledge of the upper winds
was imperfect and fragmentary. Sounding balloons and kites
furnished with recording apparatus are beginning to supply
humanity with much-needed information concerning horizontal
movements of the upper air; the airmen are furnishing knowl-
edge of vertical movements.

Research in recent years shows that the updraught in
equatorial regions is not uniform in force nor continuous at all
times. Neither is the overflow of rising air toward polar regions
uniform or regular. Sounding balloons occasionally have been
carried toward the equator instead of away from it. Stiff west
winds also have been observed in equatorial regions at the height
of a few thousand feet, surmounted by easterly winds at a still
greater elevation.

Sounding balloons do not find the decrease of temperature
with increasing altitude to be regular; on the contrary, they
encounter layers of air throughout which the temperature is
practically unchanged. They also encounter other layers in
which an inversion occurs—that is, the temperature rises with
increasing altitude. In other words, instead of a uniform
temperature gradient from ground level to stratosphere, the
air consists of a succession of layers, differing in temperature,
humidity and horizontal velocity of movement. Usually the
planes of contact between adjacent layers are indicated by
clouds.

The air of adjacent layers, or strata, does not readily mix one
with the other. Smoke, dust, and cloud matter, rising to the
top, or sinking to the bottom of a layer does not always pene-
trate the adjacent layer. In the absence of strong winds such
matter is apt to spread out laterally. Moreover, the aviator,
in passing from one layer to another, is apt to receive a sharp
bump at the plane of contact. In meteorology the plane of
contact is commonly known as a cetling or lid.

The convectional layer of air—that is, from ground level
to stratosphere—is marked by constant motion as noted, the
movements consisting of general circulation, local winds and
the turbulence connected with vertical movements. There seems
to be no such complexity of movement in the stratosphere;
indeed the knowledge of the movements of the air in the strato-
sphere is next to nothing. Tidal movements probably warp
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the shape of the shell of air composing it; but they may not
cause a general circulation. The fact that the air of the strato-
sphere is warmer in high than in equatorial latitudes indicates
that a circulation of some sort exists and that the general move-
ment may be the reverse of that of the lower shell of air. The
coldest air is over the warmest zone.

Winds Encountered by the Airman.—The marine pilot is
concerned wholly with the horizontal movements of the surface
air; he is not conscious of the updraughts or the downdraughts
of convection. To the airman, on the other ‘hand, the hori-
zontal air movements are usually less of consequence than the
vertical movements. Good air for flying must be free from
holes and bumps.

An air hole is not a vacuous space, nor is it one in which
the density of the air is abnormally low. Sometimes it is a
downdraught; quite often it is- convectionally still air. If the
airman has been flying over hot, bare ground, where the up-
draught is strong, his plane takes a drop when he. passes over a
patch of greensward, where the updraught ceases; this is the
airman’s ‘“hole.”” In going from convectionally still air into
an updraught, he gets a “bump.” The same result is apparent
if, while traversing a downdraught, he strikes still air.

It has been noted that the air ranges itself in layers differing
in density, temperature, and moisture content. In many cases
an acquired sense born of experience enables the airman to
discern these layers and to adjust the wings of his plane in
encountering them. Frequently a sheet of smoke or dust
separates two cloud layers and experience has taught how to
avoid or how to penetrate it.

Air is either going up or coming down. Turbulent ascending
currents are manifest in the rapid motion of cumulus ¢louds,
both within the cloud and beneath it. Measurements have
shown that ordinary updraughts may have a velocity of 10
feet per second; under a cumulus cloud of the thunderhead
type the velocity may be as high as 40 feet per second. The
updraughts that produce clouds give visible signs of their
existence. - Those caused during clear days by bosses of rock or
by bare ground are not so easily detected. They are not apt
to begin existence until the sun is high enough to heat the areas
producing them; they rarely form during cloudy days.
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Downdraughts are sometimes real and sometimes only
apparent. In passing from an ascending current into still air
the drop may be real, but the downdraught may be merely ap-
parent. In flying from an adverse wind into a wind blowing in
the direction in which the plane is moving, the drop is real but
the downdraught is apparent merely.

There are actual downdraughts, however, which the airman
is certain to encounter—because air going up must be balanced
by air coming down. Just as water pours over a perpendicular
ledge, forming thereby a cataract, so air is usually pouring over
a steep scarp in a similar manner. The air over a plateau is
apt to be colder than that several hundred feet below. More
certainly it will be colder if it has traversed great fields of snow.
When, therefore, it reaches a steep scarp it pours over the edge
by virtue of its own gravity. Air-falls of this sort are common
in mountainous regions, but they rarely occur in lowlands.

Billow-cloud levels may be a serious problem to the airman,
not because they interfere with visibility, but because occasionally
they do not do so. When billow clouds are in sight the airman
may fly above them or below them. If the two wind layers
have about the same -degree of humidity there may be no
clouds to indicate the position of the plane of contact. Once
within this plane, the airman experiences a series of discon-
certing bumps, due to the quick transition from one billow to
another; sometimes he finds it difficult to rise to the upper
layer of air.

Gusty winds, eddies and whirls occur most frequently near
ground level; they rarely affect high flights. Even in low
flights they are infrequent, unless the plane is within the in-
fluence of cumulus clouds. They are disconcerting in making
sharp turns and they may be dangerous in making a landing.



CHAPTER VII

THE MOISTURE OF THE AIR : EVAPORATION AND
CONDENSATION

Water vapor and floating dust are components of the air
which vary from day to day and even from hour to hour. All
the waters of the land are derived from the water vapor of
_ the air; and this in turn is brought from the oceans. Inas-
much as life in its various forms depends on the process whereby
ocean waters are taken into the air and are dropped upon the
land as rain or as snow, the study of the water vapor content
of the air is of vital importance to humanity. Before the waters
of the sea can be poured over the land, several distinct processes
take place: Evaporation, diffusion, condensation, and precipitation.

Evaporation.—It is assumed that the molecules of a volume
of water are in constant motion among themselves. Some of
the molecules at the surface are in such rapid motion that
they bombard themselves into the air, thereby becoming a part
of it. This loss to the water goes on at all ordinary tempera-
tures and even at very low temperatures. At 212° F (100° C)
the pressure, or tension of the vapor is as great as that of the
air, and the water is said to boil.

In meteorology, evaporation is a term applied practically
to the net loss of water, or other liquid exposed to the air. Free
water surfaces, soil and vegetation have each their problems;
meteorology is concerned chiefly with evaporation from a free
surface of water. Diffusion of the water vapor derived from the
ocean, and from bodies of fresh water, is so universal that in
no part of the earth is the air free from water vapor.

Various conditions affect evaporation. Under ordinary
conditions of light winds and moderately dry air the rate of
evaporation is proportional to the surface.! It is also directly

! In still air over a circular area evaporation increases as the square root

.of the area; with a horizontal wind it varies approximately in theory, at

least, as the three-fourth power of the area. If the rate be calculated in
direct proportion to the area, the result will not be materially incorrect.

60
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proportional to the difference in the readings of the dry bulb
and the wet bulb of a sling psychrometer. Evaporation in-
creases very rapidly with a dry wind! and more slowly as the
relative humidity of the air increases. It increases rapidly
with rising temperature and decreases with falling temperature.
It increases inversely with barometric pressure. The rate of
evaporation of sea water is about 95 per cent that of fresh
water, all other conditions being the same.

Condensation.—The process whereby water vapor changes
to a liquid form is condensation. Condensation may occur as
a result of mechanical processes, such as pressure and artificial
cooling; in the free air, however, it results from cooling by
contact, cooling by mixture, or cooling by expansion—prac-
tically adiabatic cooling. More definitely: warm air resting
on the ground, or on the sea, may be cooled by contact there-
with, until some of its moisture is condensed. An area of
warm, moist air may be invaded by a cold wind and the
mixing process may cool the vapor to the temperature of con-
densation. A body of air warmed above the temperature of
the surrounding air is pushed upward. Its expansion causes
adiabatic cooling and if. the temperature falls below that of
saturation, condensation of the water vapor occurs. Prac-
tically all the cases of condensation with which weather science
has to do result from one or another of the causes named. The
condensation resulting from contact causes dew and frost;
that which results from mixing causes fog and cloud; that
resulting from adiabatic cooling—that is, updraught—causes
rain and snow. There are occasional exceptions to the fore-
going, especially where superficial turbulence of the air is in-
volved; in the main, however, these processes of condensation
are fundamental in weather science.

Dust Motes and Condensation.—The invisible, floating dust
motes of the air and many of the gaseous products of com-
bustion are important factors in condensation. Each droplet
of cloud or fog condenses upon a dust mote or upon a hygro-
scopic gas product.? In general, the dust motes which cool most

1The rate varies approximately as the square root of the wind velocity,
and as the cube of the square root of the diameter of a circular container.

* There are certain cases of super-saturation to which this statement
is an exception; indeed, condensation is still a field for investigation.
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quickly are regarded as the ‘‘most favorable’” nuclei. Were it
not for this feature of condensation, gentle rains would become
sporadic cloudbursts. The measurement of the dust content of
the air is not yet a part of the scope of weather observations,
but the importance of it is universally recognized.

Conditions of Condensation and Precipitation.—In an-
other chapter the relation of temperature to the amount of
water vapor has been discussed. The absolute water vapor
content of the air is the gross amount of water it contains. This
is usually estimated in grains per cubic foot or in milligrams
per cubic decimeter. Between the twenty-fifth and fiftieth
parallels of latitude the amount of water per cubic foot averages
roughly from 1 to 3 grains in winter and from 5 to 7 grains in
summer—north to south. The proportion varies, however.
Sea winds are wet winds; land winds are usually dry. The
higher the temperature, the greater the possible absolute con-
tent of water vapor.

Condensation does not begin until the temperature of the
air has reached the degree below which only a certain proportion
of vapor can exist—that is, below the temperature of saturation,
or dew-point. Any excess is condensed and appears in one or
another of the forms noted.

Relative Humidity.—The water vapor content of the air
which is not+condensed is so important to life and to human
comfort that its measurement is an essential part of Weather
Bureau observations. The higher the temperature of the air,
the greater the amount of water vapor it may contain—about
4 times as much at 70° F (2x° C) as at 32° F (0° C), and 10
times as much at 100° F (38° C); hence the term relative hu-
midity. This is expressed in terms of the per cent of water vapor
necessary to saturation. Thus, if the relative humidity is 50
per cent, half the vapor necessary for saturation at the ob-
served temperature is present.

Ordinarily, the humidity is highest in early morning, when
the temperature is lowest; it is usually lowest at the warmest
part of the day. On dewy and frosty mornings the humidity at
ground level is 100 per cent; a few feet above ground it is
probably at 96 per cent; during the hottest part of the day
it may be as low as 30 per cent, or even lower; on cloudy days
it may not vary materially during the day. During foggy
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weather it is practically 100 per cent! During summer
rainstorms it is approximately 95 per cent.
The relative humidity of the air has a profound effect upon

‘public health. General Greely noted the fact that, during

prolonged spells of very dry air when the per cent of humidity
fell materially below the normal, a notable increase in the
death rate followed. Dr. Ellsworth Huntington has shown
that the same result is true of the death rate in hospitals.
Humanity, both the conscious and the sub-conscious self,
is sensitive to changes in temperature, noting a difference even
of 1 degree Fahrenheit. The conscious self rarely notices changes
in humidity between 35 per cent and 85 per cent. The sub-
conscious self is far more sensitive; it rebels against a condition
of humidity materially higher than 75 per cent or lower than
40 per cent when the temperature of the air is that of comfort.
There is a noticeable difference to the feelings between indoor
and out-of-door air. Indoors, a humidity of 25 per cent is
extremely uncomfortable; out of doors it is hardly perceptible.
During the winter season when buildings are artificially
heated, the humidity of living-rooms is not often above 40
per cent; usually it is lower than 35 per cent; in school rooms
it may be less than 25 per cent. Dr. C.-E. A. Winslow has
pointed out the effect upon the health of the pupils of air so
deficient in moisture.2 P. R. Jameson, using empiric but very
practical standards of. measurement—that is, comfort or dis-
comfort—has tabulated the results of several thousand tests:

55° F very cold
Rel. Hum. 75%, { 65° F chilly

75° F comfortable

35°F very cold
Rel. Hum. 509, { 50° F chilly

65° F comfortable

55° F very cold
Rel. Hum. 309, { 65°F - chilly

75° F comfortable

! During the prevalence of a ‘‘dry fog” the humidity may be not higher
than 85 per cent.

2 Dr. Winslow has noted that the air of schoolrooms in winter is as dry
as that of a desert. As a matter of fact, the air of the Gila Desert, Arizona,
is rarely so dry as that of a schoolroom at 9 o’clock,
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That is, with the relative humidity at 50 per cent, the
temperature of comfort is 10 degrees lower than with a very dry
or a moist air. These conclusions do not differ from those of
Dr. Huntington.

Many manufacturers have installed humidifiers within
their factories in order to provide wholesome air to their em-
ployees and a correct atmosphere for the economical produc-
tion of their output. Exhaust ducts carry the air from the
work rooms to the humidifier where it is screened, washed, and
returned to the various rooms with but little loss of temperature.
The saving in fuel very soon pays the cost of a humidifying
plant.

Forms of Condensation.—The condensation of the water
vapor of the air takes place in many forms—fog, cloud, dew,
frost, rain, snow, and hail. The “sweating” of walls, and the
film of moisture that forms on the outside of a vessel filled with
iced water are also examples of condensation. In any case
the cause is the same; the temperature.of the air falls below
the temperature of saturation and the excess of water vapor
is condensed in one or another of the forms noted. The forma-

tion of fog and cloud are considered in the following chapter;
" hail is a feature of thunder-storms.

Dew.—Dew consists of the moisture condensed on such
surfaces as radiate their warmth after sundown. If the chilling
of the air next to such surfaces carries its temperature below
that of saturation—that is, the ‘“‘dew-point’’—the excess is
deposited in the form of minute droplets. Not infrequently so
much moisture is deposited that foliage and grass become very
wet. Vegetation radiates its heat rapidly, and therefore dew is
apt to form copiously thereon. At night the temperature of the
air two or three inches from the ground may be as much as 5
degrees lower than at a height of 6 feet. Dew therefore may
form on grassy surfaces when none occurs on objects materially
above ground. )

Falling temperature at night is the rule; nevertheless, dew
does not always form. The temperature may not go down to
the dew-point; the absolute humidity may be very low; wind
may keep the air stirring so that the air next the ground may
not remain long enough to be cooled to the dew-point; low
clouds may prevent the radiation of ground warmth; a “lid”
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also may prevent radiation. For the foregoing reasons the prob-
lems concerning the formation of dew are of much importance.

Frost.—If the temperature of the air is below freezing, the
water vapor will be deposited in the form of minute crystals
of ice, which reflect the light in such a manner that a silvery
appearance results—the hoar frost of popular tradition. In
some instances the moisture is doubtless deposited as dew,
which afterwards is frozen. Sometimes, too, partly melted
frost or slowly freezing dew forms a glazed and semi-trans-
parent coating—the rime of tradition. From the nature of the
case, rime is more hurtful to vegetation than is hoar frost.

When rain freezes as it falls on leaves, stalks, and twigs the
ice varnish is the traditional black frost. Strictly speaking,
it is not frost at all. It is a freezing which involves the surface
of the vegetation. The superficial juices of the plant are frozen,
to the extent that the cells of the plant are ruptured.

Hoar frost injures tender plants but does not necessarily
kill them. Black frost, on the other hand, is apt to kill tender
plants and to injure many hardy plants. A temperature as low
as 25°, without frost, may be as fatal to tender plants as a black
frost. ,

Warnings of late spring and early fall frosts are sent out
from Weather Bureau stations. Close observation, however,
will enable one to foretell a possible frost by watching the
temperature and humidity. When the air is still, the humidity
‘high, and the sky clear, frost may be expected if the temperature -
‘at sunset is 40° or lower; indeed, under such conditions the
‘temperature is likely to fall to the freezing point by 2 o’clock on
‘the following morning and to remain below freezing for a short
“time after sunrise.

The greater likelihood of frost in low spots, such as valley
floors, as compared with the higher levels of the adjacent
‘slopes, is an important factor in fruit farming and, in fruit-grow-
ing regions, pretty accurate surveys have been made of the lands
likely to be visited by killing frosts. Nevertheless, by far the
greater area of tender crops is within the region of killing frosts;
‘hence the necessity of making use of all available knowledge
in the matter.!

1 Bulletin V of the U. S. Weather Bureau publications is a summary of
‘observations collected from more than one thousand stations and sub-
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Weather Bureau records make a distinction between light
frosts and killing frosts, the latter being so called because of their
destructive effects. Ground frosts, as a rule, are not killing;
the freezing temperature does not extend more than a few
inches above the grass. If the freezing temperature extends
so high that frost covers the roofs of buildings, the frost is apt
to be killing. Records of the dates of the latest killing spring
frost and the earliest killing fall frost are highly important from
the fact that the number of days intervening constitutes the
growing season.

In the latitude of the Great Lakes the growing season is
from 110 days to 150 days; in the latitude of Illinois and
Missouri it is from 150 days to 200 days; in the belt extending
from the northern boundary of Tennessee to the Gulf it.is from
200 to 300 days. Florida and Texas, south of the twenty-
seventh parallel, are very rarely visited by killing frosts.

stations. The information is graphically charted on maps which show the
dates of late spring and early fall frosts, the average dates of killing frosts,
and the number of days between spring and fall frosts. The following
paragraphs apply pretty generally to all parts of the United States:

Frost becomes more severe as one goes from hillside to low spots, such
as hollows and stream valleys.

It is more severe on the grass than at shrub heights. It may form on
the grass when the temperature 3 or 4 feet above ground is several degrees
above the freezing-point.

If the temperature at sunset is not lower than 40° F (5° C) and the sky
is overcast, frost is not likely to occur. But if the sky is clear and the wind
is at calm, frost is likely. .

With a brisk wind and a sky either clear or cloudy, frost is not likely
to occur unless the temperature falls materially below freezing.

If the air is moist at, sunset and the temperature is 40° F or lower, frost
is likely to occur even with a light wind; but if fog occurs, enough latent
heat may be set free to prevent frost. A low-lying fog is a blanket which
retards radiation, not only from grass and shrubbery, but from the ground
itself.



CHAPTER VIII
THE MOISTURE OF THE AIR: FOG AND CLOUD

Foc

In his “Floating Matter of the Air” Tyndall demonstrated
that, when the air pressure under the receiver of an air pump
was reduced, the cooling of the air by expansion produced a
perceptible fog. He demonstrated also that, if the air admitted
to the receiver were filtered, a second exhaustion would produce
a fog only to an extent scarcely observable, or not at all. In
other words, the dust motes and molecules of hygroscopic
gases are necessary for condensation. When there were no
longer any dust motes, there was no condensation.

Fog and cloud are the most striking examples of condensa-
tion on a large scale; in weather science it is commonly called
volume condensation. One cannot readily make a distinction
between fog and cloud; in general, fog is cloud on the ground,
while cloud is fog high in the air. When the blue sky be-
comes white, the change in color is due to condensation—
perhaps water dust, perhaps ice dust. If the condensation
thickens, distant objects become blurred by the accumulated
condensation; a moisture-haze, quite distinct in color from the °
blue dust-haze, occurs. Perhaps the white sky might not be
called cloud; but if the condensation increases until the color
becomes a dark gray, by common consent it is ‘‘cloud” in the
air, or ““fog” if it extends to the ground. The distinction is
merely one of degree. Fog and cloud are examples of condensa-
tion; but until the droplets coalesce into drops that fall to the
ground they are not precipitation.

It is likely that fog and cloud droplets vary much in size;
but definite knowledge of the extent of thi$ variation is wanting.
Wells found that fog droplets were approximately 0.0002 inch
(0.005 mm) in dimension, and that the fog droplets in a cubic
yard were not far from 7 grains in weight.

68
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Fog Types.—A common illustration of fog formation may
be observed when a cake of ice is at the doorstep. Almost im-
mediately it begins to ‘“‘steam.” The ice chills the air in con-
tact below the dew-point, and condensation is at once ap-
parent in the form of fog. Condensation liberates enough latent
heat to give the moisture a certain amount of updraught, and
therefore a steaming effect. It is an instructive illustration of
contact cooling, and the fog produced is the radiation fog of
weather science. '

On still nights during spring and fall, fog is frequent over
rivers and ponds, especially in relatively low places. If the air
is still over such bodies of water during the day, it is apt to be
moist. Therefore the normal lowering of temperature soon
reaches the dew-point and, as a result, a radiation fog forms.
Sometimes its depth is only a few feet; occasionally it overtops
buildings and trees.

1In various instances fogs hover over manufacturing districts
when nearby rural areas are free from them. It is pretty certain
that the products of combustion are the ‘‘favorable nuclei” in
such cases. Dr. Owen of the British Meteorological Office
found that many such floating particles were extremely hygro-
scopic, and that they tended to produce condensation when it
did not occur in air free from them.! At all events, the city fog
has become a factor in meteorology as well as in city traffic.

Advection fog? is the name given to fogs that result when
warm moist air invades a surface so cold that dew-point tem-
perature is reached. The sea fogs of the North Atlantic are an
example. Warm, moist winds of a southerly origin invade the
region of cold Arctic currents, and condensation of the moisture
brought to the region occurs. ‘‘Skin friction” between wind and
water causes the eddying movements of the air known as
turbulence, and the fog blanket extends higher and higher as

11n the fog over a manufacturing district Dr. Owen also found moisture
droplets coated with liquid hydrocarbon, derived evidently from coal smoke.
In other words, the fog droplet itself was a nucleus upon which the smoke-
hydrocarbon condensed. The author failed to find this condensation in the
manufacturing districts near New York City; but it is highly probable that
it occurs in such atmospheres as those of Pittsburgh and South Chicago.

"~ *From the Latin ad, “to,” and vehere, to ‘carry’—that is, fog produced

by conditions carried to a locality from an external source. Although the
name is comparatively recent, it is very aptly formed.



70 THE MOISTURE OF THE AIR: FOG AND CLOUD

CLoup PHOTOGRAPHY-

V According to Arthur J. Weed, Chief Instrument Maker, U. S. Weather

Bureau, the first requisite for cloud photography is a good camera with a
rigid support. To this equipment a ray filter to shut out the excess of actinic
rays from the blue sky is added. The filter, consisting of colored screens vary-

Ellerman, photo.
Nimbus, with fog or stratus hovering in the valleys, Mount Wilson, Cal.

ing from yellow to red, is usually necessary, inasmuch as the exposure required
for the cloud results in an over exposed sky. Very dense clouds may be photo-
graphed without the use of a ray filter. Cirrus clouds, however, require a
strongly-colored ray filter. A black mirror answers the purpose of a ray
filter and, in certain cases, gives a better negative. The details of cloud
. photography are described in the Monthly Weather Review, August, 1920.
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the chilling of the air progresses. Advection fogs are more apt
to follow gentle movements of the air; gale winds may create
mixing to the extent that dew-point temperature is not reached.
The advance of a cold wave moving gently into a region of warm,
moist air—the fog in front of a high—is an example of ad-
vection fog. .

Velo cloud ! is a name now commonly given to fog drifting
in from the sea and hovering over a coast a few hundred feet
from the ground. It is of frequent occurrence along the coast
of southern California during summer months, and is oc-
casional along the Atlantic coast. The velo is an example of
advection condensation. Perhaps, strictly speaking, it should
be classed as cloud rather than as fog; nevertheless it is ad-
vective condensation. Inasmuch as the term ‘high fog” is
sometimes popularly used to denote a very thick fog meteor-
ologists have generally adopted the term ‘‘velo.” The velo is
rarely more than 1000 feet high.

CLoups

Cooperative observers are not required to report information
concerning cloudiness, except the extent of cloud-covered sky
during the daylight period. ~At the regular Weather Bureau
stations the character, movement and height of clouds are
recorded and at some stations nephoscopes are provided. With
the aid of these instruments, the velocity of the clouds, and
therefore that of the upper winds, may be determined.

The photogrammeter is one of the most practical instru-
ments for measuring cloud heights. It consists of a pair of
cameras mounted in the same manner as a surveyor’s transit.
Two instruments set at different positions are employed. The
sensitive plates are ruled with intersecting horizontal and vertical
lines. By the aid of these, the photographs of the cloud indicate
its comparative position, and from this both its altitude and its
velocity may be determined. Air navigation now demands
definite knowledge of wind at different elevations, and this
knowledge is best obtained by a study of the clouds.

Formation of Clouds.—A cloud consists of an aggregation

1From a Spanish word meaning ‘veil.”” The velo is a characteristic
of San Diego.
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of visible particles of condensed water vapor. As in the for-
mation of fog, each particle-of cloud matter has condensed
upon a dust mote. - One cannot-say why-cloud matter floats in
the air, apparently contrary ‘to the laws of gravity. A theory
that the cloud particle is repelled from'the earth because it is
charged with the same kind of electricity has been advanced;
but it is not certain that this theory satisfies all conditions.
That clouds form and disappear in accordance with the laws
of temperature and dew-point is the fact that is important in
~weather science.

For convenience, cloud matter may be considered to be in
a stage of condensation intermediate between vapor and liquid
—a condition which may be brought about by several means:

Local ascending currents, or updraughts, which are vertical

or nearly vertical;

Very slow obliquely ascending currents;

The rapid chilling of the lower air by the radiation of earth

warmth;

The contact of high air layers which dlffer in temperature

and humidity.

Any one of the foregoing conditions will produce cloud if
the temperature falls below the dewpoint; nevertheless it is
probable that cloud condensation is more complex in fact
than the foregoing paragraphs indicate. :

Classification.—Various schemes of cloud classification have
appeared from time to time. Some of them have possessed
great merit, but have been too complicated for practical
use. More than a century ago, Luke Howard, of London,
devised the classification upon which the scheme now in use
was  elaborated by the Cloud Committee of the International
Meteorological Congress in 1891. The four fundamental forms
are ctrrus, cumulus, stratus, and nimbus.!  Other forms are
designated by the combination of the foregoing terms. Two

1From the Latin cirrus (pl.. ctrri), a curl or wisp; cumulus (pl. cumuli), a
heap, or pile; stratus (pl. strati, rarely used), a layer; nimbus (pl. not used),
a rain cloud. The adjective derivatives are: cirro-, cumulo-, and strato-.
Other definitive adjectives are alto-, high, and fracto-, broken.

1 Some observers still employ the abbreviations of cloud names employed
when the Weather Bureau was a part of the Signal Corps: Cirrus, C; Cumu-
lus, K; Stratus, S; Nimbus, N. These symbols are used in Army and Navy

_ practice.
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factors, appearance and altitude, aid the observer in determin-
ing the name and character of a cloud. For all practical pur-
poses the physical form and appearance must always be the
chief feature in cloud determination; experience will teach the
observer to determine whether the cloud in question is to be
classed as ‘‘upper,” ‘“intermediate,” or ‘lower”; a distinction
which is sometimes essential. The following is the classifica-
tion elaborated by Abercromby and Hildebrandsson and
adopted by the International Meteorological Congress:

(a) Detached clouds with rounded upper outlines.

(b) Clouds of great horizontal extent suggesting a layer or sheet.

The first (a) are most frequent in fair weather; the second (b) are wet-
weather clouds.

" 1

Upper clouds, 30,000 feet (9000 meters)........... { g' ; g:':::itmtus .
Intermediate clouds, 10,000 to 23,000 feet (3000 to { Z' i Z:;o;z"’:’duzs

7000 meters)................ P 1 b. 5. Alto-stratus
Lower clouds, less than 6500 feet (2000 meters).... { % 6. Strato-cumulus

. b. 7. Nimbus

{ top 6000 feet (1800 meters); : )
base 4500 feet (1400 meters) [ a. 8. Cumulus

Clouds of diurnal
top 10,000 to 260,00 feet (3000

ascending currents

to 8000 meters); base 4500 | .

feet (1400 meters)......... | b. 9. Cumulo-nimbus
High fogs, less than 3500 feet (1000 meters). ........ t0. Stratus

1. Cirrus (Ci).'—Detached clouds of delicate and fibrous appearance, often
showing a featherlike structure, gemerally of a whitish color. Cirrus clouds
take the most varied shapes, such as isolated tufts, thin filaments on a blue
sky, threads spreading out in the form of feathers, curved filaments ending
in tufts, sometimes called cirrus uncinus, etc.; they are sometimes arranged
in parallel belts which cross a portion of the sky in a great circle and, by
an effect of perspective, appear to converge toward a point on the horizon,
or, if sufficiently extended, towards the opposite point also (Ci-St and Cu-Ci,
etc., are also sometimes arranged in similar bands).

Cirrus clouds moving from the southwest indicate falling
temperature; moving from the northwest they indicate the
probability of rising temperature. They are the mares’ tajls
and cattails of sailors’ cant. Near the horizon, cirrus clouds
may have a stratiform appearance.

!For the sake of uniformity of definition and description, the following
paragraphs are taken from the report of the Committee.
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2. CIrRrO-STRATUS (Ci-St).—A thin, whitish sheet of cloud,! sometimes
covering the sky and giving it only a milky appearance; it is then called
cirro-nebula—at other times presenting more or less distinctly a formation
like a tangled web. This sheet often produces halos around the sun and
the moon.

This name is apt to be misleading to observers who have
followed the old nomenclature. It applies not so much to the
striated or banded cirri as to the whitish, or creamy, haze with
banded or feathery edges. Frequently it appears as a whitish
bank, with here and there a web of tangled fibers; at times it
covers the whole visible sky. The halo produced when a cirro-
stratus film is in front of the moon is varied in form. Oc-
casionally. mock moons, paraselenae, are formed; so also are the
light pillar and the “heavenly cross.”

Cirro-stratus clouds have long been associated with ap-
proaching stormy weather, and tradition seems to be borne out
by investigation. The name cirrus haze is sometimes applied
‘to cirro-nebula.

3. CIRrRO-cUMULUS (Ci-Cu).—MACKEREL SKY.—Small globular masses or
white flakes without shadows, or showing very light shadows, arranged in groups
and often in lines.

Cirro-cumulus clouds are not always distinguishable from
alto-cumulus clouds. They are much higher, however, and
the arrangement- usually possesses a geometric regularity.
C. F. Brooks describes them as ‘‘small white flakes or tenuous
globular masses which produce no 'diffraction colors when
covering the sun or the moon.”

4. ALTO-STRATUS (A-St).—A thick sheet of gray or bluish tolor, sometimes
forming a compact mass of dark gray color and fibrous structure.. At other
times the sheet is thin, resembling thick Ci-St; and.through it the sun or
the moon may be seen dimly, gleaming as through ground-glass. This form
exhibits all the changes peculiar to Ci-St, but it is about one-half as high.

It is not always easy to distinguish alto-stratus from cirro-
stratus clouds. One cannot always estimate its altitude and,
if the cloud is thin, it may be about as white as a cirro-stratus
formation. The lower edge may be undulate, but it is hardly

1 Not every “thin whitish sheet of cloud” is a cirro-stratus formation.
The low, white cloud veil of winter days may produce a halo; but it is not
a cirro-stratus cloud.
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mammillate in the manner of mammato-cumulus clouds. The
fibrous alto-stratus is composed of snow crystals. It does not
cause halos. The compact form is composed of water droplets
and may cause coronas. Alto-stratus clouds indicate varying
conditions of moisture and quiet air, rather than definite weather
conditions. Nevertheless rain and snow may fall from them.!

5. ALto-cuMuLUs (A-Cu).—Large globular masses, white or grayish, partly
shaded, in groups or lines, and often so closely packed that their edges appear
confused. The detached masses are generally larger and more compact
(resembling St-Cu) at the center of the group, but the thickness of the layer
varies. At times the masses spread themselves out and assume the appear-
ance of small waves, or thin, slightly curved plates. At the margin they
form into finer flakes (resembling Ci-Cu). They often spread themselves out
in lines in one or two directions.

It is evident that the observer will record alto-cumulus as
cirro-cumulus and vice versa; many times a description of either
will fit the other. Fortunately such an error is harmless.

6. STRATO-CUMULUS (St-Cu).—Large globular masses or rolls of dark clouds
often covering the whole sky, especially in winter. Generally St-Cu presents
the appearance of a gray layer irregularly broken up into masses of which
the edge is often formed of smaller masses, often of wavy appearance resembling
A-Cu. Sometimes this cloud-form presents the characteristic appearance of
great rolls arranged in parallel lines, and pressed close against one another.
In their centers these rolls are dark in color. Blue sky may be seen through
the intervening spaces, which are much lighter in color. (Roll-cumulus in
England, Wulst-cumulus in Germany.) Strato-cumulus clouds may be
distinguished from Nb by their globular, or their roll appearance and by
the fact that they are not generally associated with rain.

Strato-cumulus clouds usually follow a winter storm, cover-
ing the sky during the filling of a low barometer. The foregoing
description is sufficiently plain and clear to indicate the charac-
ter and appearance of strato-cumulus clouds. If they are high
enough, however, they may be mistaken for alto-cumulus. In
such a case it might be correct to call them alto-cumuli. Close
to the horizon, strato-cumulus clouds resemble the normal
stratus clouds at times, but they are much higher. Pretty
nearly every transition between strato-cumulus and alto- .
cumulus clouds may be observed.

7. NiMBus (Nb).—RAIN CLoups.—A thick layer of dark clouds, without
shape and with ragged edges, from which steady rain or snow usually falls.

1 At Blue Hill Observatory 'thay are classed as alto-nimbus when rain or
snow is falling from them.
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A bank of cirro-stratus clouds in the west is apt to be the advance of a
cyclonic storm. By the time the advancing clouds have reached the eastern
sky, the storm is close at hand. Undulated alto-stratus clouds form under the

Ellerman, photo.

Thin, undulated alto-stratus forming above a fog, or stratus, Mount
Wilson, ‘Cal.

cirrus haze and these very shortly develop into rain clouds, or else are followed
by them. A winter cyclonic storm may be likened to a cone with its apex
tipped one hundred miles or more beyond its base.
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Through the openings in these clouds an upper layer of Ci-St or A-St may
almost invariably be seen. If a layer of Nb separates into shreds in a strong
wind, or if small loose clouds are visible floating under a large Nb, the cloud
may be described as fracto-nimbus (Fr-Nb), the ‘‘scud” of sailors.

Inasmuch as the sky is almost always wholly overcast
during a steady rain or snow, the ragged edges are rarely visible.
The foregoing description is hardly true of tropical rain clouds
with their sharp, greasy-appearing edges. The observer. will
not be in serious error in designating any low cloud from which
rain is falling as nimbus. The flying scud, its top pointing with
the wind, drops no rain. The breaking of a nimbus usually
denotes the clearing of a storm; and although the scud is rain-
less, it is properly nimbus cloud matter though not ‘‘rain
clouds.”

8. Cumurus (Cu), WooL-PACK Croups.—Thick clouds of which the upper
surface is dome-shaped, and exhibits protuberances while the base is horizontal.
These clouds appear to be formed by a diurnal ascensional movement which
is almost always noticeable.. -When the cloud is opposite the sun the surfaces
facing the observer have a greater brilliance than the margins of the pro-
tuberances. When the light falls aslant, as is usually the case, these clouds
throw deep shadows; when, on the contrary, the clouds are on the same
side of the observer as the sun, they appear with bright edges.

True cumulus has well-defined upper and lower limits, but in strong
winds a broken cloud resembling cumulus is often seen, in which the detached
portions undergo continual change. This form may be distinguished by the
name fracto-cumulus (Fr-Cu).

The cumulus cloud with its flat base and rounded dome is
so full of character that the foregoing description is ample. It
is the summer cloud of the temperate zones and the shower
cloud of the tropics. To the unaided eye the constant motion
of the cloud matter is apparent; with a field glass the con-
vectional motion is plainly visible in the larger clouds. The
cumulus is an ‘‘ascensional” cloud, because the water vapor
is carried upward until cooling brings about condensation.
The condensed vapor sinks until it is again warmed to the
temperature of vaporization.

9. CumuLo-NiMBUs (Cu-Nb), THUNDER-CLOUD, SHOWER-CLOUD.—Heavy
masses of cloud rising in the form of mountains, turrets, or anvils, generally
surmounted by a sheet or screen of fibrous appearance (false cirrus) and having
at its base a mass of cloud similar to nimbus. From the base local showers

of rain or snow (occasionally of hail or soft hail) usually fall. Sometimes
the upper edges assume the compact form of cumulus, and form massive peaks
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Cumulo-nimbus cloud resulting from eruption of Vesuvius. Note the
heavy rain falling from lower part of cloud.
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round which delicate “false cirrus” floats. At other times the edges them-
selves separate into a fringe of filaments similar to cirrus clouds. This last
form is particularly common in spring showers.

The front of thunder-clouds of wide extent frequently presents the form
of a large arc spread over a portion of a uniformly brighter sky.

The difference between the ordinary cumulus cloud and the
cumulo-nimbus is mainly one of depth and intensity of motion
within its mass. If condensation is so intense that its water
content reaches the ground, the cloud is cumulo-nimbus. But
Humphreys points out the fact that, in arid regions, where the
ground is very warm, a well-developed thunder-head sinks until
the excessive warmth vaporizes and scatters it. The aborteq,
cumulo-nimbus has been observed by the author. On the otker
" hand, a torrential shower may fall for a few minutes fronh’ L]
tropical cumulus cloud—shallow as to extent and without thé“
angry-appearing caulifiower head of the ordinary cumulo-
nimbus.

The fibrous mantle that hovers over the top of the cumulo-
nimbus is a cloud of snow flakes. The cloud itself is usually,
but not always, a thunder-storm. The observer may disregard
all theoretical matters and record it as a cumulo-nimbus if
rain is falling from its base. The marvelous photograph of a
thunder-storm obtained by Lieutenant W. F. Reed, Jr., U. S. N.
(p. 106), surpasses any verbal description of a thunder-
storm. T

The strong updraught caused by forest fires and burning
strawstacks has resulted in the formation of cumulus clouds that
still later developed into typical cumulo-nimbus. shower clouds.
The eruption of Vesuvius in 1872 created a series of cumulo-
nimbus clouds with mammoth caulifiower heads. Torrential
rains fell on the leeward side of the cinder cone during a consider-
able time.

Experience has taught ‘the airman that the cumulo-nimbus
cloud is an object to be avoided; its beautiful exterior hides a
generous accumulation of holes and bumps. The turbulent
cumulus cloud has been called *“‘the most treacherous wild beast
of the air.”

10. STRATUS (St).—A uniform layer of cloud resembling a fog, but not resting
on the ground. When this sheet is broken into irregular shreds by the wind,

or by the summits of mountains, it may be distinguished by the name fracto-
stratus (Fr-St).
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Tradition has made the long, flat cloud-streak near the
horizon the type form of stratus cloud. But if that same cloud-
streak were overhead it would appear merely as a low cloud
covering more or less of the sky. When a fog lifts, it forms a
stratus cloud; and if it floats away toward the observer's
horizon it becomes a long gray cloud streak. In the first case
one is looking at the under side of the surface; in the second, at
the edge. The components of a stratus cloud may be fog,
smoke or dust—or even all three.

Qualifying Descriptive Terms.—Usage in the matter of
descriptive terms is not uniform. The following have been
suggested :!

Fibrous, characteristic of streaks of falling rain or snow seen from a
distance.

Smooth, characteristic of sheet-like clouds.

Flocculent, scaly, flaky, in small tufts (floccus, a tuft of wool).

Waved, or in rolls, characteristic of waves and windrows observable in
billow clouds.

Round-topped, characteristic of the summits of clouds produced by rising
currents.

Down-bulged, or round-holed, characteristic of the lower sides of clouds
produced by down-draughts.

Ragged, characteristic of forming and of evaporating clouds in turbulent
wind.

Recording Cloud Conditions.—The International Cloud
Committee recommends the following instructions. for the
guidance of observers:

Kind or character—Clouds may be designated by name, or by symbol,
as Ci-St, for cirro-stratus. Where doubt exists, the number of the picture
in the classification scheme should be designated.

Direction.—If the clouds are high the motion may be observed best by
noting their position relative to a fixed object—a tree, or a flag-pole. Where
the movement of the cloud is very slow, a rest for the head and shoulders
may be necessary. The direction is best observed when clouds are near the
zenith. The movement and direction of horizon clouds are apt to be decep-
tive, giving to the observer an imperfect perspective. When possible, a
nephoscope should be used if the direction is doubtful.

1C. F. Brooks, Monthly Weather Review, Sept., 1920. Seven terms
noted above are used for form; five—transparent, semi-transparent, medium,
dense, and very dense—describe density; three—coarse, medium, and fine—
indicate the degree of fineness. These terms, while they do not alter the
International Cloud Committee’s classification, add very materially to its
clearness.
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UNUSUAL CLOUD FORMS 87

Radiant Point of Upper Clouds.—Though apparently in radial position,
streamers of cirrus clouds are actually parallel. The radial form is merely
a perspective. The apparent point of convergence should be noted in the
same manner as wind direction; as, se, or nw.

Undulatory clouds.—If the clouds show parallel and equidistant stria-
tions, such as suggest a succession of water waves, the direction of the stria
should be noted; and if more than one system of strie appear, this fact
should be noted.

Density and position of cirrus forms.—The cirro-stratus haze may become
a dense bank of gray in its lower part. It is desirable that its density be
recorded by a scale of intensity, o to 4; and also that the cardinal direction.
of the point of greatest density be noted. The gathering of cirrus clouds
and the formation of a cirro-stratus bank is closely connected with cyclonic
storms.

Unusual Cloud Forms.—Various cloud forms that are not
readily classified are noted by every observer:

Billow clouds, or windrow clouds, are the same as the un-
dulatory clouds noted in a previous paragraph. The name is
derived from their wave-like form. Sometimes they are at
cirrus height, and should be classed as cirrus clouds. For the
greater part they form at lower altitudes. They are due to
cross-winds in plane contact, the two differing in temperature
and humidity.

Crest clouds frequently gather about the summits of snow-
clad peaks. They are frequently observable shrouding the
summits of Mounts Hood and Rainier. On even a grander
scale they envelop the summits of Popocatepetl and Ixtacci-
huatl, during periods of still air. When a moist wind blows
against snow-clad peaks, a stream of condensed moisture flows
from the leeward side, forming a banner cloud. The so-called
“smoking’’ of Mounts Hood and Rainier is a cloud banner of
this sort. _

Mammillated, or mammato-cumulus clouds, are globular
projections from the under side of thunder-heads. They usually
accompany thunder-storms, hailstorms and tornadoes. A
similar waviness, very strong in character, is sometimes observ-
able in the bands of cirro-stratus clouds near to the horizon.

Scarf clouds are the feathery wisps that sometimes form at
the summits of cumulus clouds, especially those of the storm
type. They seem to increase in size as the turbulence within
the cumulus cloud increases, and sometimes appear like a
coverlet over its top.
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CLOUD HEIGHTS ' 89

Various other terms such as lenticulate, maculate, flocculent,
and castellate, are used by observers. Any descriptive term
which conveys a definite meaning is permissible in recording
cloud observation.!

Cloud Heights.—Bigelow’s measurements of cloud heights
are somewhat greater than those determined by the Inter-
national Cloud Committee, due to the fact that the measure-
ments were made in a lower latitude. The table (p. ), taken
from Hahn’'s Lehrbuch der Meteorologie, shows that the altitudes
of the various cloud levels increase from polar to equatorial
regions.

The level of each type of cloud is a level of maximum cloud-
iness; between cloud levels are levels of minimum cloudiness.
The airman may find that neither Dr. Bigelow’s figures nor
those of the International Committee apply to the locality
in which his flights are made; but the altitudes of maximum
and of minimum cloudiness for any locality are not far from the
figures noted and are roughly proportioned. The airman will
find also that the various cloud regions are thicker as one ap-
proaches equatorial latitudes. The lowest level of minimum
cloudiness is that between ‘‘scud” cloud height and the base
height of stratus clouds—from 300 feet to 1200 feet.

The thunder-head excepted, the lower clouds are shallow;
but they vary greatly in depth. A mean of 10,000 feet (3000
meters) may be approximately correct for their depth, but it is
unsafe as an estimated depth at any one time. The fact that
the highest mountain peaks of the United States are snow-
capped shows that precipitation occurs at an altitude of about
15,000 feet; and the fact that observers in mountain regions
are frequently above storm clouds is evidence that the cloud
blanket may be materially less than 10,000 feet in thickness.

The Distribution of Cloudiness.—In the Pacific Coast
region of the United States, cloudiness is more or less seasonal.
Practically all the lower clouds are prevalent during the winter
months—that is, during the rainy season. During the summer
the lower clouds may be absent for weeks at a time. From a

1 The student is advised to become familiar with A. W. Clayden’s article,
' Clouds,” in the eleventh edition of the Encyclopedia Britannica. Clayden's
modification of the International classification is merely the addition of de-
scriptive terms.
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CLOUD FREQUENCY 91

camp in the Sierra Nevada Mountains overlooking the Sacra-
mento Valley, clouds formed by dust, smoke and fog are some-
times the only ones visible for a considerable period.

Along the Atlantic Coast and the Mississippi Valley a
cloudless sky for more than one or two days is unusual; for a
period of three days it is very rare. During the moist periods "
of midsummer a very thin cloud veil may prevail for a week
-or more at a time. The cloud veil, technically a ‘‘haze,”
is too thin to obscure the sun visibly, but it is dense enough
to prevent radiation to a considerable extent. During the
"period when the cloud veil prevails, the night temperature is
from 5 to 10 degrees higher than at other times, and the amount
of insolation is almost always lowered.

Arizona, southern California and southern Nevada consti-
tute the region of minimum cloudiness in the United States.
In this region cloudless skies may persist for a month or more.
The observer who watches the hygrometer closely will acquire
not a little useful information on clouds and their relation to
atmospheric moisture. No part of meteorology is more fasci-
nating than the study of clouds, and none is more important in
forecasting weather changes.
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CHAPTER IX
THE MOISTURE OF THE AIR: PRECIPITATION

- Dew and frost are commonly regarded as condensation
rain, snow and hail are classed as precipitation. So much of the
rain and snow results from the adiabatic cooling of thed air—
that is, cooling by an updraught of warm air—that this may be
considered the normal cause of precipitation.

A mass of air composing an updraught is cooled at the rate
of 1 degree Fahrenheit for each 183 feet of ascent (about 10.7 -
degrees centigrade per kilometer) and this rate does not vary
much in the first 10,000 feet. When the rising mass has reached
the level where it is at the temperature of saturation, con-
densation begins; rain-clouds form; and, from the coalescence
of cloud matter, rain-drops or snowflakes fall.l

The most remarkable example of updraught, adiabatic
cooling, condensation and precipitation is the equatorial cloud-
belt. It is the updraught of the Trade Winds and consists of a
zone of cumulus clouds several hundred miles in width. In
sailors’ vernacular, it is the belt of the Doldrums. Throughout
most of its width rain is of almost daily occurrence; greasy-
appearing clouds, with sharp edges, hover above the horizon
about noon, and steadily mount the sky. Wherever they are

! Rain-drops vary in size from approximately 0.0004 inch (0.01 mm.) to
about o0.25 inch (6.5 mm.) in diameter. Drops varying in size from very
large to very small frequently fall in the course of one shower. Ordinarily
the drops are about o.1 inch (approximately 3 mm.) in diameter, At best,
however, these dimensions are only approximate. Large drops are shat-
tered by a stiff wind, and drops a quarter of an inch in diameter are apt
to be shattered before reaching the ground. The largest drops occur in
connection with thunder-storms. A shower composed of fine drops much
diffused is usually termed drizzle. Very fine drops—droplets that are
heavy enough to fall—are properly called mist. These droplets are larger
than those of fog, the latter being floating and not falling matter. A thin
fog is also called mist, in Weather Bureau nomenclature.

93
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SEASONAL RAINFALL 95

in an overhead position rain is falling in heavy showers. The
passage of the cloud-belt north and south provides an unusual
and an interesting distribution of rainfall. Roughly speaking,
the cloud-belt halts and turns backward in the latitude of each
tropic; in these latitudes, therefore, there is theoretically one
rainy season each year. Between the tropical circles the cloud-
belt passes twice, resulting in two rainy and two dry seasons—
in some localities strongly marked, in others not so distinguish-
able.

" South of the equator the zone of constant rains is not so
well marked as it is north of the equator; moreover, the belt
of easterly winds at times covers the whole of the Gulf of
Mexico. In general, the lands of the Torrid Zone receive an
average of about 100 inches of rain per year—rather more in
the northern than in the southern part.

In the temperate zones, on the coasts facing westerly sea
winds, the rainfall for the greater part is seasonal. Along the
Pacific Coast of the United States, it increases with the lati-
tude. Thus at San Diego, California, the annual fall is 10
inches; at Los Angeles, 16 inches; at San Francisco, 23 inches;
at Portland, Oregon, 45 inches; at the coast stations of Alaska
from 80 inches to more than 100 inches. At San Diego prac-
tically all the rain falls between October 15 and April 15; in
the seventy-two years from 1850 to 1912, a shower amounting
to more than a trace of rain fell only twenty times in July. In
San Francisco there is an average of about one rainy day in
July; in Portland, Oregon, the July ramfall averages 0.54
inch; in Seattle it is 0.69 inch.

On the west coast of Europe, owing chleﬂy to higher lati-
tude, the seasonal character of the annual rainfall is not so
marked as in California. In Portugal and southern Spain,
most of the rain falls in the winter months. At Bordeaux, a
little higher in latitude than Seattle, the July rainfall is in excess
of 2 inches every month in the year. But while the average of
the winter months in Seattle is above 5 inches, in Bordeaux
it is about 3 inches.

The thirtieth parallel crosses the northern part of Mexico
and also the northern part of Africa. A zone several hundred
miles in width along this parallel—in sailors’ vernacular, the
belt of ‘“horse latitudes”—is the region of high barometric
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THE PRECIPITATION OF CYCLONIC STORMS 97

pressure, and the belt of descending air. The region covered
by it is one of calms over the sea and of light, variable winds
over the land. Along the Pacific Coast from San Diego almost
to Manzanillo, Mexico, the yearly rainfall is very light and
uncertain. Along the Atlantic Coast of Africa, the region of
calms is a desert. Eastern Mexico receives a more generous
rainfall; and southern Mexico and the Central American
states are within the zone of rain-bearing winds.

Southern coasts in general have an abundance of rain.
Along the Indian Ocean and the Guinea coast the rainfall is
seasonal. On the Gulf Coast of the United States rain falls
pretty evenly throughout the year.

The Precipitation of Cyclonic Storms.—Cyclonic storms,
or lows, are rather more frequent in the United States and
Canada than in Europe. They are much more frequent in oc-
currence east of the Western Highlands, and they also are much
more energetic.

Rather more than half of the storm-whirls of this sort are
noted first between the Columbia River and the Strait of Juan
de Fuca—not because they do not occur elsewhere, but for the
reason that there are fewer weather stations north of Van-
couver. When a low is crossing the mountains it is in a region
of dry air; therefore it does not possess much energy. When
it has crossed the Rocky Mountains it is in a region where both
the absolute and the relative humidity are greater.  Therefore
it is apt to develop a much greater energy; for the latent heat
set free by the condensation of water vapor is the fuel of a
cyclone. The northerly cyclone usually “traverses the Great
Lakes, where the increased humidity imparts greater precipita-
tion, finally moving out into the Atlantic. As a rule, the rain-
fall of such storms is not very heavy. It may drop a little more
than 1 inch of rain over the track of its passage, but usually the
precipitation is not much greater.

The more southerly cyclones frequently bend towards the
Gulf of Mexico, and begin to curve towards the northeast
after ' passing the Mississippi River. They are much more
energetic than the northerly storms and drop perhaps as much
as 2 inches of rain along their tracks. In various instances a
storm first discovered in the plains of Texas finally travels a
course between the St. Lawrence River and the coast. In-
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SNOW 99

asmuch as this track covers a region of great moisture, the
rainfall is apt to be very heavy—sometimes more than
3 inches. :

The severest cyclonic storms are the West Indian hurricanes
and the typhoons of the China coast. Throughout their
courses they move through regions of very moist air. In these
storms, the velocity of the wind results from a very rapid up-
draught. The precipitation, therefore, is excessive. In the
vicinity of ‘the Gulf Coast of the United States, from 8 to 10

Bentley photo,

Snow crystals, magnified about 50 diameters, Jericho, Vt.

inches of rain may fall during the passage of a hurricane storm,
and a downpour of 4 or 5 inches is usual..

In the United States, cyclonic storms are more characteristic
of winter than of summer weather; they are therefore usually
described as winter storms. The precipitation may consist of
rain, sleet or snow—rarely, if ever, of hail.

Snow.—When condensation below 32° F (0° C) occurs, the
precipitation takes the form of the ice crystals popularly known
as snowflakes. They form in almost infinite variety, but they
may usually be classified as tabular (disk-shaped) or colum-
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SNOW 101

nar.! Normal crystals are six-sided or six-pointed; the angles are
usually 60° or 120°. The snowflakes of ordinary storms consist
of tangled masses of broken crystals. They are at their best
when the temperature is not higher than 25° F and the air is
still. The flakes should be caught on black cloth. If a micro-
scope is used, it must be used in a place where the temperature
is below the freezing point. If photo-micrographs are made, a
low power objective—2-inch or 4-inch—gives excellent results.

Occasionally the snowflakes take the forms of soft pellets—
* the graupeln of the German meteorologist. At other times they
are half-melted, but retain traces of crystallization. The
presence of slowly falling snow crystals during fairly clear
weather is common in many localities. It is the greatly-.
dreaded poguenib of the far-western Indian, who associates it
with pneumonia.

Snowfalls have been recorded in every state in the Union.
They occur occasionally along the Gulf Coast between Pensa-
cola and Brownsville. Snow has fallen in Florida as far south
as Fort Myers.2 A line drawn from Savannah through San
Antonio, El Paso, and Yuma to San Francisco marks roughly
the limit south of which snow seldom falls. South of the
thirty-fifth parallel, snow rarely lies on the ground more than
a day or two. At New Orleans a measureable snowfall occurs
about once in fifteen years. It is about as frequent in the city
of Los Angeles, although the mountain summits in the vicinity
occasionally are snow-clad.

In the vicinity of the Great Lakes the ground is covered
most of the winter. In the New England and Middle Atlantic
states the annual snowfall is 7 to 8 feet. It decreases toward
the west, being about 2 feet in North Dakota. In the basin
region of the Rocky Mountain States snowfalls occur at long
intervals only; in the plateau region they may be expected
yearly on the range summits. The heaviest snowfalls occur
along the northern Rocky Mountain and the Sierra Nevada

1 A remarkable collection of photographs of snow-flakes has been made
by W. A. Bentley, and another by J. C. Shedd. The latter is published in
the Monthly Weather Review, October, 1919. Professor Shedd -classifies
snow-flakes as first-, second-, and third-growth crystals. They have been
classified also as columnar, doublets, and pyramidal crystals.

2 On March 6, 1843, fifteen inches of snow fell at Augusta, Georgia.
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Range summits; from 10 to 30 feet may be estimated as the
annual fall. The amount varies greatly from year to year;
at Summit, California, 60 feet of snow fell during the winter
of 1879-80.

On the Pacific Coast slope the yearly snowfall in the moun-
tains is a matter of great importance. Since the construction
of the various irrigation projects in the arid region, humanity
is realizing more and more the dependence of productive lands,
not only on the yearly amount of snow-fall, but on the con-
servation of the melting snow, as well. In the arid regions of
the United States, the winter snowfall is the moisture of the
summer Crops. , : :

Except at great altitudes, practically all the snow falls
between the first of December and the middle of April in the
zone of latitude that includes the New England States and New
York.! Flurries of snow occur in May as far west as the Rocky
Mountains; and at elevations of 2000 feet or more they occur
in June.

Sleet; Ice Storms; White Storms.—In Weather Bureau
nomenclature, sleet consists of small pellets of ice, apparently
formed when rain-drops are frozen in passing through a stratum
of cold air next the ground. Usually the pellets are not larger
than duck shot; occasionally they are the size of peas. Sleet
has been reported as hail so frequently that the Weather
Bureau has issued an explanatory pamphlet calling attention to
the fact that the ice pellets of sleet differ materially in structure
from hailstones. Ice pellets may contain enough air to give
them a whitish opaque appearance; therefore they are likely
to deceive observers. Sleet storms are very apt to occur in
the morning, when the temperature is at its daily minimum,
but this is by no means always the case. Sleet may occur
when a cold wave flows under warm, moist air; it is likely to
result when a warm southerly wind flows over the top of very
cold surface air.

Sleet is often mixed with rain; at such times it forms an ice-
coating on the ground, making a surface that is more or less
pebbly. Frequently it happens that the rain-drops are not

10n the 8th of June, 1816, snow fell in all parts of Vermont; on the

uplands it was 5 or 6 inches deep. It was accompanied by a hard frost.—
Thompson's History of Vermont.
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frozen in their fall, but congeal as they strike. In this way,
ground, sidewalks, trees and other surfaces become covered
with a coating of ice. Weather Bureau practise and popular
consent join in designating this form of precipitation as an
ice storm. The ice storm is apt to be followed by the destruc-
tion of tree branches snapped off by the wind, and by an unusual
number of accidents in city street traffic.

Several conditions of temperature and precipitation may
result in an ice storm. If the rain-drops fall through a stratum
of air below freezing temperature and strike an object whose
surface is also below freezing temperature a varnish of ice will
be formed, and it is likely to increase in thickness so long as
precipitation continues. When the temperature is very slightly
above the freezing point, and the surface air is dry, it is possible
that rapid evaporation may chill the varnish of water below
the freezing point and change it to ice. -Rain-drops in the air
may be chilled to a temperature several degrees below the
freezing point; they change to ice instantly as they strike.!

Damp snow and snow falling on tree limbs, poles and wires
whose temperature is slightly above freezing, is very apt to cling
to them. The weight of the accumulated snow may be suffi-
cient to break tree limbs and line wires. Not only is there a
considerable material damage; there is also a troublesome and
expensive interruption of communication. Popularly, the con-
dition is known as a white storm.

A temperature materially below 32° F following a white
storm is apt to result in much damage to shade trees and or-
chards. Branches will bend freely, as a rule, when the tem-
perature is above freezing; but they become brittle under intense
cold if coated with ice. The distinction between an ice storm
and a white storm is chiefly one of appearance. The Weather
Bureau makes no distinction between them.

Hail.—Hail is a product of thunder-storms. The hailstone
consists of alternate concentric layers of snow and ice. The
manner of the formation of the hailstone is conjectural. About
the only thing of which one may be certain is that the hailstone
is alternately in layers of moist air below the freezing point and

1 The Blue Hill Observatory reports rain falling when the temperature

of the air was about 15° F—a very unusual phenomenon. It is not likely,
however, that the rain-drops had reached a temperature much below freezing.
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layers of warmer air—that is, it is whirled through alternate
layers of snowy air and of misty air. The updraught that
occurs during thunder-storms shows that such a movement takes
place in cumulo-nimbus clouds; and when the hailstones become
too heavy to be carried by the updraught they fall to the
ground. .

Hailstones usually vary in size from a quarter of an inch
to half an inch in diameter.
They are very rarely as much as
an inch in diameter. In a few
instances single stones more than
two inches in diameter have
been reported. In many in-
stances several hailstones are
frozen together, and hailstones
“as large as a hen’s egg’ are
formed in this manner. Hail-
storms are rarely more than a
few minutes in duration.

They occur usually in the
southeast quadrant of a cyclonic
storm, having the same relation
to the area of low barometer as does the tornado. The path
of the hailstorm is rarely more than 3 or 4 miles wide—some-
times not more than half a mile—and it may traverse a distance
of 25 or 30 miles, or more.

Sometimes the hail is scattered in windrows; and many
cases in the United States have been reported where the wind-
rows were several rods in width and more than 2 feet deep.
Near St. Quentin, France, a windrow more than a mile long
left a mass of ice which did not disappear for several days.

In western Europe hailstorms are very destructive to vine-
yards and growing crops. For many years the practise of
“bombarding the air’” was followed. Long-barreled mortars
with bell-shaped bores were charged heavily with powder and
aimed vertically. At times when storms were expected, thou-
sands of charges were fired into the air with the expectation
that the resulting convection of the air might prevent the for-
mation of hail. There is no evidence to show that the practise
prevents hailstorms.

After Redway.

Hailstone; sectional view.
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In the present state of human knowledge, forecasts of hail-
storms cannot be made. The Weather Bureau iy making
efforts to gain all possible information concerning date, time,
duration, extent of area and.path of hailstorms. It is pretty
well established, however, that hailstorms are more frequent
in certain regions than in others; and that in certain limited
areas in these regions of greatest frequency they are more
destructive than in other areas.

Cloudbursts.—The cloudburst is an excessive downpour of
rain, in which the water seems to fall in masses rather than
in drops. Cloudbursts are rare; the area covered is small;
the duration is a matter of a few moments only.! Only in a
few cases have trustworthy measurements of the amount of
precipitation been made. The ordinary barrel gauge would
probably give a result at least 80 per cent true. The majority
of recording gauges are of but little use in such storms. More-
over, the cloudburst does not always select for its performance
a locality where Weather Bureau stations are in evidence.

The origin of the cloudburst is not certainly known. To
call it an exaggerated thunder-storm may express a truth in
some cases; certainly not in every case. All the water in an
overhead saturated air at a temperature of 70° F over the area
covered by the downpour would not make a rainfall sufficient
to account for the water dropped by a cloudburst.

1 A mining engineer in Arizona relates the following: ‘‘The day, up to
3 o'clock, had been moist—to the extent that distant objects possessed
atmosphere—that is, there was not the illusion of nearness which a very
dry air gives. In mid-afternoon there came a sudden darkening of the
sky, a light patter of rain, and then a downpour so torrential that further
progress along the trail was out of question. The loose rockwaste seemed
to be washed out from under the horse’s hoofs, and a boss of rock near by
seemed to be the only safe place. It was impossible to see anything more
than a few rods ahead. The downpour lasted for not more than fifteen
minutes. To say that the amount was 6 inches is merely a guess. . Much
of the trail was washed away and badly gullied. Pinal Creek was a‘roaring
torrent; to have attempted crossing it would have been instant death.
Across the summit, on the other side of the range, not a drop of thin fell.”

Another traveler wrote: “A heavy cloud had been hovering over Pilot
Range for several hours, and we were not surprised to hear a low moan which
soon became a roar. So we climbed out of the arroya in quick time. In
a very few moments, there came a torrent that would have carried a ton
boulder down the course. The cloud over Pilot Knob had dropped its shower
and the sink below was full of water—the first time, perhaps, in fifty years.’’
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It has been pointed out that the cloudburst may be derived
from the contents of a waterspout carried inland for a long
way and dumped upon the nearest mountain crest which has
a temperature low enough to chill it. This may be an ex-
planation, but one is not certain that it is the real one. Any
explanation must take into account the fact that an ordinary
rain cloud cannot hold the moisture that is precipitated in a
cloudburst.

Summer Preclpltatlon.—The rainfall of summer months
within the United States is rarely a result of cyclonic move-
ments of the air. For the greater part, it is due to the up-
draughts that result from surface heating; and this also is the
cause of most of the tropical rains. Summer showers are apt
to be sporadic in character, and the area covered may be small.
It is not uncommon to find a rainfall of 2 or 3 inches at one lo-
cality while scarcely more than a trace falls at another locality
only a few miles distant.! Occasionally the daily weather
map shows half a dozen areas scattered over the eastern half
of the United States in which rain is falling; less frequently, a
belt 200 miles or more in width extending from the Gulf Coast
to the Canadian border, sweeps eastward from the Mississippi
Valley.

In summer the updraught, though strong, is more or less
local, occurring over comparatively small areas. In winter the
updraught though weak, may involve an area more than 500
miles in dlameter

) 1In the past few years insurance against rain has become very common
during summer months. Clubs and outing associations thus protect them- -
selves against the losses of revenue which a rainfall might cause. In many -
instances the serious error of determining the rainfall by the record of a
rain-gauge a dozen miles distant has led to expensive litigation. In various
instances, heavy showers have occurred at the locality covered by the policy,
while merely a trace fell at the station where the precipitation was recorded.
Granted that insurance against rain is a legitimate business, it is evident

that the installation of a gauge at the locality covered is the only way by
which the amount of rain can be determined.



CHAPTER X
ATMOSPHERIC ELECTRICITY: OPTICAL PHENOMENA

ATMOSPHERIC ELECTRICITY

Under ordinary conditions the electricity of the air is positive
in relation to the ground and the oceans. Its potential does not
vary greatly, being rather higher in winter than in summer—
a change which might be considered normal. During rainfall
or snowfall the potential usually is unsteady, varying rapidly
between positive and negative. The changes are quiet; in
ordinary cases they can be detected only by means of sensitive
electrometers designed for the purpose.

Ether Waves.—From time to time there are sharp but slight
variations in the electric potential both of the earth and of the
air. The former are created by the ‘‘earth currents’’ which, in
the time when the telegraph was operated by grounded battery
circuits, were the bane of the telegrapher. The sharp variations
of the atmospheric potential are known as ‘‘static waves,” or
“ether waves’’; they are the most common obstacle in radio-
telegraphy and telephony.

The ether waves of atmospheric electricity apparently have
little or no effect upon the activities of life; they also seem to
be unimportant to meteorology, except as their increasing
frequency may possibly indicate the approach of a thunder-
storm.! Ether waves of the Hertzian type, caught at a distance

1 Ether  waves are made audible by means of the mineral detectors for-
merly used by radio-telegraphers, and by the use of the various devices
known as audions. The passage of an ether wave caught by the antenna
gives a distinctive hissing sound in the telephone. A strong wave illu-
minates a Geissler tube placed in the circuit. A more striking result may
be obtained by using a coherer and a relay with one or two dry cells. The
passage of the ether wave from the antennaz to the ground electrifies the
filings in the coherer to the extent that a battery circuit is formed, which

closes the relay. The closing of the relay may be used to close a secondary
bell circuit, or to communicate any other desired signal. A drop of clean
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of 50 miles, more or less, from the thunder-storm, may be com-
pared to the ground swell of the sea formed by a distant storm.
Electrical Conditions of the Air.—Humidity may or may not

affect the potential of the
air materially, but it affects
the conductivity greatly.
Dry air is a poor conductor;
and dust particles, unable to
- discharge their load of elec-
tricity, are strongly repel-
lant and remain suspended
in the air, sometimes for
several days. The desert
simoon is followed by a con-
dition which keeps the air at
a high potential, with a
highly electrified dust, for
several days.

At the trading-posts in
the Colorado and Mohave
Deserts, after a simoon has
passed, metal containers on
wooden shelves become con-
densers of a considerable
capacity. Horses’ manes
and tails stare like fright
wigs, and sparks crackle to
any ground conductor that
may be touched. At such
times, strong earth currents
may be detected, and their
influence may be felt many
miles distant.

In a case of this sort the
high potential is local—that

Ether wave indicator, Meteorological
Laboratory. The wire at the upper
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